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1. Introduction
In the RAN4#86 meeting, there were discussions on CSI-RS based RLM in NR [1-3] and simulation results are also provided in [5-8]. A way forward [4] captured all the agreements and open issues for both SSB and CSI-RS based RLM. Regarding the CSI-RS based RLM agreements are as below.
· Evaluation period 
· Companies are encouraged to provide simulation results based on R4-1801301, to conclude on the RLM requirements
· Hypothetical PDCCH parameters
· FFS
In this contribution we provide our views on hypothetical PDCCH parameters for CSI-RS based RLM in NR.

2. Discussion

In LTE the parameter of PDCCH is cell specific, but in NR the parameters of PDCCH in different CORESETs can be different. The parameter of PDCCH for CSI-RS based RLM is UE specific and is configured per CORESET. In order to accurately and effectively measure the reliability of PDCCH, the parameters of hypothetical PDCCH should be obtained from the parameters of CORESET having QCL relationship with CSI-RS for RLM/BFR. The parameters of hypothetical PDCCH parameters should be changed when the parameters of CORESET associated with CSI-RS for RLM/BFR have been reconfigured. 

The  CORESET will be configured with a list of QCL RS set by RRC signaling and a MAC CE command will  activate a QCL RS set from the list .The DMRS of PDCCH transmitted in the CORESET are quasi co-located with  the RS in the activated QCL RS set with respect to QCL parameters in a QCL type. The QCL RS set contains a reference to one or two DL RSs and an associated quasi co-location type. The quasi co-location types indicated to the UE are based on the higher layer parameter QCL-Type and may take one or a combination of the following types: 

-
‘QCL-TypeA’: {Doppler shift, Doppler spread, average delay, delay spread}

-
‘QCL-TypeB’: {Doppler shift, Doppler spread}

-
‘QCL-TypeC’: {average delay, Doppler shift}

-
‘QCL-TypeD’: {Spatial Rx parameter}

For example, there is 4 TCI states in the TCI-StatesPDCCH corresponding to the list of QCL RS set of one CORESETand the  MAC CE command  activates TCI_state1. The DMRS of PDCCH transmitted in the CORESET will be QCL with CSI-RS1 with respect to QCL parameter in Type-A. The DMRS of PDCCH transmitted in the CORESET will be QCL with CSI-RS2 with respect to QCL parameter in Type-D. The max number of TCI states in TCI-StatesPDCCH is 64. The max number of RLM CSI-RS is only 8.  There is at least one CORESET corresponding to one RLM CSI-RS as long as the RLM CSI-RS is in any QCL RS set in the list of QCL RS set of the CORESET or the RLM RS is QCL with any one RS in the list of QCL RS set of the CORESET. 

The RLM CSI-RS should at least be in the list of QCL RS set of one CORESET, otherwise the beam of RLM CSI-RS will not be used by any PDCCH. This will lead the measurement of RLM isn’t correct and increase the complexity of UE for measuring more RLM CSI-RS. It is agreed that only periodic CSI-RS or SSB which is spatially QCLed with PDCCH DMRS is used for beam failure detection on the other hand. The RLM CSI-RS should at least in the list of QCL RS set of one CORESET. 

 Observation 1: The RLM CSI-RS should at least in the list of QCL RS Set of one CORESET configured by TCI-StatesPDCCH. 
                                                               Table 1: The list of QCL RS set of one CORESET

	TCI_state_list
	Target reference signal
	(QCL reference signal, QCL type)

	TCI_state1
	DMRS of PDCCH
	(CSI-RS1,QCL-TypeA)

(CSI-RS2,QCL-TypeD)

	TCI_state2
	DMRS of PDCCH
	(CSI-RS3,QCL-TypeA)

(CSI-RS4,QCL-TypeD)

	TCI_state3
	DMRS of PDCCH
	(CSI-RS1,QCL-TypeA)

(CSI-RS5,QCL-TypeD)

	TCI_state4
	DMRS of PDCCH
	(CSI-RS3,QCL-TypeA)

(CSI-RS6,QCL-TypeD)


Proposal 1: Hypothetical PDCCH transmission parameters should be based on CORESET(s) which has QCL relationship with the configured CSI-RS. 

The PDCCH parameters for CSI-RS based RLM are therefore proposed as in Table 2 and Table 3 for out of sync and in sync respectively.

Proposal 2:  PDCCH parameters as in Table 2 and Table 3 is used for CSI-RS based RLM requirements. 
Table 2: CSI-RS based PDCCH transmission parameters for out-of-sync 

	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI format
	TBD
	TBD

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

	Aggregation level (CCE)
	[8]
	

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	[0]dB
	

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	[0]dB
	

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

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

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

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

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

	Mapping from REG to CCE
	same as the mapping type of CORESET having QCL relationship with CSI-RS
	

	


Table 3: CSI-RS based PDCCH transmission parameters for in-sync

	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI payload size
	TBD
	TBD

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

	Aggregation level (CCE)
	[4]
	

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	[0]dB
	

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	[0]dB
	

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

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

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

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

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

	Mapping from REG to CCE
	same as the mapping type of CORESET having QCL relationship with CSI-RS
	

	


The evaluation period of out of sync and in sync for RLM based on CSI-RS could be derived by the outcome of link level simulation. The simulation assumption is agreed as in [9]. Our simulation results are provided in a companion paper [10].
3. Conclusion

In this contribution, we further provide our views on CSI-RS based RRM. Based on the observations following proposals are present.

Observation 1: The RLM CSI-RS should at least in the list of QCL RS Set of one CORESET configured by TCI-StatesPDCCH. 
Proposal 1: Hypothetical PDCCH transmission parameters should be based on CORESET(s) which has QCL relationship with the configured CSI-RS. 

Proposal 2:  PDCCH parameters as in Table 2 and Table 3 is used for CSI-RS based RLM requirements. 
Table 2: CSI-RS based PDCCH transmission parameters for out-of-sync 

	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI format
	TBD
	TBD

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

	Aggregation level (CCE)
	[8]
	

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	[0]dB
	

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	[0]dB
	

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

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

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

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

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

	Mapping from REG to CCE
	same as the mapping type of CORESET having QCL relationship with CSI-RS
	

	


Table 3: CSI-RS based PDCCH transmission parameters for in-sync

	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI payload size
	TBD
	TBD

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

	Aggregation level (CCE)
	[4]
	

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	[0]dB
	

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	[0]dB
	

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

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

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

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

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

	Mapping from REG to CCE
	same as the mapping type of CORESET having QCL relationship with CSI-RS
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