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1. Introduction
In the RAN4#AH-1801 meeting, there were extensive discussions on RLM in NR [1-5], including SSB based RLM and CSI-RS based RLM. There were also discussions whether CSI-RS based RLM in Rel-15 is needed or not. Simulation assumptions for CSI-RS based RLM [6] was agreed.

In this contribution we provide our views on CSI-RS based RLM in NR.

2. Discussion

Necessity of RLM based on CSI-RS

CSI-RS based RLM or BFR (beam failure recovery) has been agreed in RAN1. The SSB is cell specific and usually transmitted with wide beam. In order to improve coverage, reduce interference and improve system efficiency, CSI-RS is used to get UE specific beam for PDCCH. Then QCL relationship between PDCCH DMRS and CSI-RS can be established.

RLM is based on detection of hypothetical PDDCH BLER. When PDCCH is transmitted by UE specific beam, RLM should be performed by measuring CSI-RS based RLM-RS resources which is QCLed with PDCCH to be monitored. Therefore only with CSI-RS based RLM it could detect UE specific PDCCH accurately and reliably.

RAN1 has agreed that SSB based RLM is not performed when SSB is outside of the BWP. In this case CSI-RS based RLM-RS resources should be configured for RLM.
Besides since the periodicity of SSB is larger and the bandwidth of SSB is limited, it would be better to use CSI-RS based RLM to monitor the link quality more accurate and less delay for certain use cases.
Proposal 1:  CSI-RS based RLM requirements is specified in Rel-15. 

PDCCH parameters for CSI-RS based RLM
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 should be changed when the parameters of CORESET associated with CSI-RS for RLM/BFR have been reconfigured. 

Proposal 2: 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 1 and Table 2 for out of sync and in sync respectively.
Table 1: 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 2: 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
	

	


Proposal 3:  PDCCH parameters as in Table 1 and Table 2 is used for CSI-RS based RLM requirements. 

RLM requirements based on 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 [6].
Proposal 4: CSI-RS based RLM requirements is derived by outcome link level simulation.
3. Conclusion

In this contribution, we further provide our views on UE measurement capabilities in NR. Based on the observations following proposals are present.

Proposal 1:  CSI-RS based RLM requirements is specified. 

Proposal 2: Hypothetical PDCCH transmission parameters should be based on CORESET(s) which has QCL relationship with the configured CSI-RS. 

Proposal 3:  PDCCH parameters as in Table 1 and Table 2 is used for CSI-RS based RLM requirements. 

Proposal 4: CSI-RS based RLM requirements is derived by outcome link level simulation.
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