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[bookmark: OLE_LINK272][bookmark: OLE_LINK273]Introduction
In the last meeting, following agreements regarding RLM-RS configuration were made related to NR Radio Link Monitoring [1]:

	Working assumption:
· 2 port CSI-RS is not supported for RLM purposes

Agreements:
· For value of X:  // maximum number of configured RLM-RS 
· For below 3GHz:  X = 2
· For above 3GHz and below 6GHz: X = 4
· For above 6GHz: X = [8]



In this paper, we discuss on the remaining issues of RLM, including maximum number of configured RLM-RS resources, relationship between RLM-RS and serving PDCCH, and the number of ports of CSI-RS for RLM-RS. 
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Discussion on Configuration of RLM-RS
Relationship between RLM-RS and serving PDCCH
The number of configured RLM-RS (e.g. 4) could be different from the number of PDCCH UE can monitor (e.g. 2). So it would need to clarify the relationship between RLM-RS and serving PDCCH.
RLM-RS is supposed to be able to monitor the quality of serving PDCCH (the channel UE should perform blindly decoding for DCI monitoring), and the quality of serving PDCCH should be linked to some configured RLM-RS resources. Otherwise, if RLM-RS is not linked to serving PDCCH, UE is not able to declare RLF and stop UL transmission when it loses serving PDCCH. Therefore, it would prefer that it is able to monitor serving PDCCH by monitoring RLM-RS, i.e. RS of serving PDCCH is a subset of RLM-RS. 
Besides, it would prefer QCL information between DMRS of PDCCH and RLM-RS to help UE to estimate BLER for RLM, by leveraging the channel information from control channel.  
[bookmark: _Ref503550183]Proposal 1: UE is not expected to monitor a PDCCH of which the DMRS is not QCL-ed to any RLM RS.



Based on the above discussion, the following text proposal is proposed to capture the proposals
------------Begin of Text Proposal for TS38.213 Section 5------------
…
A UE can be configured for each SpCell [11, TS 38.321] with a set of resource indexes for radio link monitoring by higher layer parameter RLM-RS-List. The UE is provided by higher layer parameter RLM-RS an association between a resource index, from the set of resource indexes, with either a CSI-RS resource configuration or a SS/PBCH block. For a CSI-RS resource configuration, the UE is provided a corresponding index by higher layer parameter RLM-CSIRS. For a SS/PBCH block, the UE is provided a corresponding index by higher layer parameter RLM-SSB. UE is not expected to monitor a PDCCH of which the DMRS is not QCL-ed to any RLM RS. 
…
------------End of Text Proposal for TS38.213 Section 5------------

Maximum number of configured RLM-RS resources
UE must monitor all configured RLM-RS for OOS indication, because OOS indication is corresponding to hypothetical PDCCH of all configured RLM-RS resources are below Q_out threshold, and it actually introduces high UE complexity to estimate accurate BLER under extremely low SNR, e.g. -10 dB corresponding to Q_out threshold. Therefore, a small number of configured RLM-RS resources is preferred.
[bookmark: _Ref503550225]Observation 1: UE must monitor all configured RLM-RS for OOS indication, and it introduces high UE cost for verifying OOS.

It is also noted that, if the number of RLM-RS is more than the number of serving PDCCH, RLF may not be declared when UE loses all serving PDCCH, because some other RLM-RS could be in-synched. It would rely on beam failure detection to switch the serving PDCCH before UE loses all serving PDCCH. 
[bookmark: _Ref503550228]Observation 2: if the number of configured RLM-RS is more than the number of serving PDCCH, RLF may not be declared when UE loses all serving PDCCH.

To support the narrow beam operation, there could be a large number of SSB and CSI-RS beams, and beam management mechanism can be utilized to down-select RLM-RS resources. For beam management reporting, it is agreed the maximum number of beams to be reported in one instance is 2 or 4, and it prefers keep small number of RLM-RS resources and let it be updated/switched dynamically by the measurement results of beam management. 
[bookmark: _Ref498712497]Observation 3: Beam management mechanism can be utilized to down-select RLM-RS.
[bookmark: _Ref498712433]Proposal 2: For above 6 GHz, X = 4.

Number of ports of CSI-RS for RLM-RS
2-port CSI-RS resources can be used for CSI-RS acquisition for different polarization. It is understood it would prefer to align behavior of beam failure detection and RLM, for a consistent system behavior. 
However, it seems 2-port CSI-RS is not necessary for beam failure detection, and control channel is single port. Besides, the operation region of single port and 2-port CSI-RS for RLM are different, which means extra UE complexity to implement additional mapping tables, in order to support 2-port CSI-RS for RLM. Therefore, it would prefer only single port CSI-RS resources are supported for both beam failure detection and RLM.
[bookmark: _Ref503550203]Proposal 3: Confirm the working assumption of 2-port CSI-RS is not supported for RLM.

[bookmark: _GoBack]

Conclusion
Based on the discussion, the following proposals are given. 
Proposal 1: UE is not expected to monitor a PDCCH of which the DMRS is not QCL-ed to any RLM RS.
The corresponding text proposal for TS38.213 Section 5 can be found in the sections.
Observation 1: UE must monitor all configured RLM-RS for OOS indication, and it introduces high UE cost for verifying OOS.
Observation 2: if the number of configured RLM-RS is more than the number of serving PDCCH, RLF may not be declared when UE loses all serving PDCCH.
Observation 3: Beam management mechanism can be utilized to down-select RLM-RS.
Proposal 2: For above 6 GHz, X = 4.
Proposal 3: Confirm the working assumption of 2-port CSI-RS is not supported for RLM 
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