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1. Introduction
In this contribution, we discuss remaining issues for NR radio link monitoring (RLM) measurements and procedures related to radio link failure declaration. 

2.  Finalizing Leftover Issues
Three issues from RAN1 #91 were leftover for completion. The following are agreements on RLM that contains FFS or currently a working assumption.
	Working assumption:
· 2 port CSI-RS is not supported for RLM purposes

Agreements:
· For value of X:
· For below 3GHz:  X = 2
· For above 3GHz and below 6GHz: X = 4
· For above 6GHz: X = [8]
Agreements:
· At least the following parameters CSI-RS configuration fields are not applicable to RLM-CSI-RS
· (working assumption) CDMType (cd-pattern)
· CSI-IM-RE-pattern
· CSI-IM-Resource
· CSI-IM-ResourceId
· CSI-IM-timeConfig
· CSI-IM-FreqBand
· CSI-IM-ResourceMapping
· FFS QCL-Info-CSI-RS



Issue 1) Working assumption of 2 port CSI-RS.
Given that PDCCH transmission is based on a single port transmission scheme, there would be no reason why CSI-RS couldn’t be transmitted using the same single port transmission scheme. In fact, this would best emulate the CSI-RS transmission as the DMRS of the PDCCH and provide the best estimation of the hypothetical PDCCH BLER measurements.
The use cases of 2 port CSI-RS configuration for RLM is not clear. The support of the 2 port CSI-RS will requires additional behavior either requires UE taking measurements from each antenna port and performing some operation or processing to obtain estimate of hypothetical PDCCH BLER for a PDCCH that uses a single port transmission. Therefore, we believe this is an unnecessary function that may not be required for Rel-15 and propose to confirm the working assumption of “2 port CSI-RS configuration is not supported for RLM”.

Proposal 1:
· Confirm WA of 2 port CSI-RS configuration is not supported for RLM .

Issue 2) Maximum number of configured RLM-RS
The configured RLM-RS for RLM procedure should provide accurate and stable measurement of the PDCCH BLER performance of the PDCCH used for communication between the gNB and UE. Furthermore, although UE could be configured to monitor multiple CORESET and therefore PDCCH, the number of monitored CORESET would be limited. Once additional Tx beams that could be potentially used for connection is found, RLM-RS corresponding to those Tx beams could be configured by the network. Therefore, in most typical cases, the number of useful RLM-RS would be limited.
Additionally, the RLM metric of hypothetical PDCCH BLER is based on SINR measurements. To achieve very reliable estimates (with stable estimates for SINR values down to -15 dB in LTE), the processing effort for RLM is quite high. The process required for RLM is order magnitude more complex than measurement for RRM, such as RSRP or RSRQ. Therefore, if the UE is required to monitor very large number of RLM-RS concurrently, it would put a severe burden on UE processing.
	The complexity for computing RLM metric depends on the number of actively monitoring RSs, and there could be more room for more RS configuration as long as UE is not monitoring them. However, at the level of SINR values required to compute the RLM metric, UE would not be able to keep track of signal strength of RS and compare those to ultimately narrow down to a limited number of RS to monitor. Therefore, configuration of large number of RS for RLM and having the UE down-select to a few RS for monitoring may not work in practice. This may be more or less equivalent to UE randomly selecting few RSs for monitoring RLM in the end. This type of methodology may be even more catastrophic as the network may not be able to reliably predict UE behavior.
Based on this, we propose to confirm the working assumption of maximum of 8 RLM-RS that could be configured for the UE.

Proposal 2:
· Confirm working assumption of maximum of 8 RLM-RSs that can be configured for a UE

Issue 3) QCL Info Field for RLM
The QCL assumption signaling framework has been completed in RAN1 #91. The following are the agreements of the QCL assumption signaling framework.
	Agreement:
[bookmark: _Hlk493580546]RS combinations holding QCL assumptions after RRC for above 6 GHz, for one CC:
· SSB  TRS w.r.t average delay, Doppler shift, spatial RX parameters
· TRS  CSI-RS for BM w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation 
· TRS  CSI-RS for CSI w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
· TRS  DMRS for PDCCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
· TRS  DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
· SSB  CSI-RS for BM w.r.t. average delay, Doppler shift, spatial RX parameters
· SSB  CSI-RS for CSI w.r.t., spatial RX parameters
· SSB  DMRS for PDCCH (before TRS is configured) w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters
· SSB  DMRS for PDSCH (before TRS is configured) w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters.
· CSI-RS for BM  DMRS for PDCCH w.r.t., spatial RX parameters. 
· CSI-RS for BM  DMRS for PDSCH w.r.t., spatial RX parameters
· CSI-RS for CSI  DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters; Note: QCL parameters may not be derived directly from CSI-RS for CSI
· CSI-RS for BM  CSI-RS for TRS/BM/CSI w.r.t. spatial RX parameters


Agreement:
QCL types A: Doppler shift, Doppler spread, average delay, delay spread
QCL types B: Doppler shift, Doppler spread
QCL types C: average delay, Doppler shift
QCL types D: Spatial Rx
	QCL linkage for below 6GHz before RRC
	signalling

	SSB  DMRS for PDSCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
	

	SSB  DMRS for PDCCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
	



	QCL linkage for below 6GHz after RRC
	signalling

	SSB  TRS: Doppler shift, average delay
	QCL type: C

	TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
	QCL type: A

	[bookmark: _Hlk493579818]TRS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
	QCL type: A

	TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
	QCL type: B

	CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
	QCL type: A



	QCL linkage for above 6GHz after RRC
	signalling

	SSB  TRS w.r.t average delay, Doppler shift, spatial RX parameters
	QCL type: C + D

	TRS  CSI-RS for BM w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation 
	QCL type: A

	TRS  CSI-RS for CSI w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
	QCL type: A

	TRS  DMRS for PDCCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
	QCL type: A

	TRS  DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation
	QCL type: A

	SSB  CSI-RS for BM w.r.t. average delay, Doppler shift, spatial RX parameters
	QCL type: C+D 

	SSB  CSI-RS for CSI w.r.t, spatial RX parameters
	QCL type: D 

	SSB  DMRS for PDCCH (before TRS is configured) w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters
	QCL type: A+D

	SSB  DMRS for PDSCH (before TRS is configured) w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters
	QCL type: A+D

	CSI-RS for BM  DMRS for PDCCH w.r.t. spatial RX parameters
	QCL type: D

	CSI-RS for BM  DMRS for PDSCH w.r.t., spatial RX parameters
	QCL type: D

	CSI-RS for CSI  DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread, spatial RX parameters; Note: QCL parameters may not be derived directly from CSI-RS for CSI

	QCL type: A+D

	CSI-RS for BM  CSI-RS for TRS/BM/CSI w.r.t. spatial RX parameters
	QCL type: D 


· If the QCL target RS is periodic CSI-RS or TRS,
· QCL-Info IE is placed in CSI-RS-Resource-Config and refers to the TCI-State index
· TCI-State structure for one RS set is either:
· DL Reference RS1| QCL_type1, DL Reference RS2| QCL_type2
· Note that there is no overlap of QCL_type1 and QCL_type2
· DL Reference RS1| QCL_type1
· Note that QCL_type1 and QCL_type2 are selected from {QCL types A, QCL types B, QCL types C, QCL types D}
· Note that if DL Reference RS1 and DL Reference RS2 are the same, both QCL types apply 




The CSI-RS for RLM is used to mimic the DMRS of PDCCH such that UE may be able to estimate the hypothetical PDCCH BLER accurately. Therefore, there would be benefits of providing QCL linkage information to CSI-RS for RLM from other RS sources such that appropriate processing can be performed on the CSI-RS (similar to processing what would have been performed to DMRS of PDCCH). Therefore, we propose to provide the following QCL linkage for CSI-RS for RLM.

Proposal 3:
· Support the following QCL linkage in the QCL-info-field.

	QCL linkage for below 6GHz after RRC
	signalling

	TRS  CSI-RS for RLM w.r.t. Doppler shift, Doppler spread, average delay, delay spread
	QCL type: A

	CSI-RS for CSI acquisition  CSI-RS for RLM w.r.t Doppler shift, Doppler spread, average delay, delay spread
	QCL type: A



	QCL linkage for above 6GHz after RRC
	signalling

	TRS  CSI-RS for RLM w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation 
	QCL type: A

	SSB  CSI-RS for RLM w.r.t. average delay, Doppler shift, spatial RX parameters
	QCL type: C+D 






3. Conclusions
	In this contribution, we discussed remaining details of RLM. Our proposals are summarized as below:
Proposal 1:
· Confirm WA of 2 port CSI-RS configuration is not supported for RLM .

Proposal 2:
· Confirm working assumption of maximum of 8 RLM-RSs that can be configured for a UE

Proposal 3:
· Support the following QCL linkage in the QCL-info-field.

	QCL linkage for below 6GHz after RRC
	signalling

	TRS  CSI-RS for RLM w.r.t. Doppler shift, Doppler spread, average delay, delay spread
	QCL type: A

	CSI-RS for CSI acquisition  CSI-RS for RLM w.r.t Doppler shift, Doppler spread, average delay, delay spread
	QCL type: A


[bookmark: _GoBack]
	QCL linkage for above 6GHz after RRC
	signalling

	TRS  CSI-RS for RLM w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation 
	QCL type: A

	SSB  CSI-RS for RLM w.r.t. average delay, Doppler shift, spatial RX parameters
	QCL type: C+D 
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