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1 Introduction
In NR RLM is based on a configured RLM-RS set which may be a set of SS/PBCH or CSI-RS resources or a combination of both. Out-of-sync and In-sync detection is based on hypothetical PDCCH BLER for both SSB and CSI-RS based evaluation. In previous meetings PDCCH transmission parameters for SSB based RLM have been discussed. In this paper we discuss hypothetical PDCCH transmission parameters for CSI-RS based RLM.
2 Hypothetical PDCCH Parameters
In RAN4#86bis the following were agreed for CSI-RS based RLM [1]:
	At least the following hypothetical PDCCH parameters for SSB based RLM can be reused for CSI-RS based RLM
· DCI payload size
· Aggregation level (CCE)
· Power boosting on PDCCH data and DMRS REs


For SSB based RLM the following have been agreed for PDCCH transmission parameters and shall be re-used for CSI-RS based RLM:
Out-of-Sync Evaluation:
DCI Format: 1_0
Aggregation level: 8
Power boosting on PDCCH and DMRS REs: 3 or 4 dB
In-Sync Evaluation:
DCI Format: 1_0
Aggregation level: 4
Power boosting on PDCCH and DMRS REs: 0 dB

In RAN4#86bis the reference CORESET for PDCCH transmission parameters were also discussed, but no conclusion was reached. For SSB based RLM, the parameters are based on RMSI CORESET. The following reference CORESET for CSI-RS based RLM have been discussed by companies in RAN4#86bis:
· CORESET that has QCL relationship with CSI-RS
· First CORESET within active BWP
Option1:
Based on RAN1 agreements, up to 3 CORESETs can be configured per active BWP. The CORESET configuration includes QCL information in the TCI-StatesPDCCH field. Based on this information the CSI-RS with QCL relationship for each CORESET can be determined. For each CSI-RS for in-sync/out-of-sync evaluation, the reference CORESET should be the one it has a QCL relationship with. This would help evaluate out-of-sync and in-sync based on link conditions reflecting PDCCH reception. If CSI-RS doesn’t have QCL relationship with any CORESET, it would not be able to evaluate link condition based on hypothetical PDCCH BLER.
Option2:
The first CORESET in active BWP is not guaranteed have QCL relationship with all configured CSI-RS for RLM, hence this option would be ruled out to be used as reference CORESET for CSI-RS based in-sync/out-of-sync evaluation. 
Based on the discussion points presented, we propose that the reference CORESET for PDCCH transmission parameters be chosen as the one that has QCL relationship with CSI-RS.
Proposal #1: The hypothetical PDCCH transmission parameters shall be based on CORESET that has QCL relationship with CSI-RS
The PDCCH transmission parameters for CSI-RS based RLM are listed in Tables 1, 2 below.

Table 1: PDCCH transmission parameters for out-of-sync
	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI format
	1-0
	TBD

	Number of control OFDM symbols
	Same as the number of symbols of CORESET QCL with CSI-RS
	

	Aggregation level (CCE)
	8
	

	Ratio of hypothetical PDCCH RE energy to average CSI-RS RE energy
	[3 or 4]dB
	

	Ratio of hypothetical PDCCH DMRS energy to average CSI-RS RE energy
	[3 or 4]dB
	

	Bandwidth (MHz)
	Same as the number of PRBs of CORESET QCL with CSI-RS
	

	Sub-carrier spacing (kHz)
	Same as the SCS of CORESET QCL with CSI-RS
	

	DMRS precoder granularity
	Same as DMRS precoder granularity of CORESET QCL with CSI-RS
	

	REG bundle size
	Same as REG bundle size of CORESET QCL with CSI-RS
	

	CP length
	Same as the CP length of CORESET QCL with CSI-RS
	

	Mapping from REG to CCE
	Same as REG to CCE mapping of CORESET QCL with CSI-RS
	

	



Table 2: PDCCH transmission parameters for in-sync
	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI payload size
	1-0
	TBD

	Number of control OFDM symbols
	Same as the number of symbols of CORESET QCL with CSI-RS
	

	Aggregation level (CCE)
	4
	

	Ratio of hypothetical PDCCH RE energy to average CSI-RS RE energy
	[0]dB
	

	Ratio of hypothetical PDCCH DMRS energy to average CSI-RS RE energy
	[0]dB
	

	Bandwidth (MHz)
	Same as the number of PRBs of CORESET QCL with CSI-RS
	

	Sub-carrier spacing (kHz)
	Same as the SCS of CORESET QCL with CSI-RS
	

	DMRS precoder granularity
	Same as DMRS precoder granularity of CORESET QCL with CSI-RS
	

	REG bundle size
	Same as REG bundle size of CORESET QCL with CSI-RS
	

	CP length
	Same as the CP length of CORESET QCL with CSI-RS
	

	Mapping from REG to CCE
	Same as REG to CCE mapping of CORESET QCL with CSI-RS
	

	


3 Conclusions
In this paper we have shared our views on hypothetical PDCCH transmission parameters for CSI-RS based RLM and have the following proposal:
Proposal #1: The hypothetical PDCCH transmission parameters shall be based on CORESET that has QCL relationship with CSI-RS
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