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1. Introduction
At the last RAN plenary meeting, a revised WID was approved regarding URLLC. Followings are objectives captured in the WID regarding RAN4 work [1].
· Objective of SI or Core part WI or Testing part WI
· Specification of URLLC RAN4 core requirements based on Rel-15 URLLC functionalities [RAN4]
· Investigate and specify the RLM requirements to support high reliability, if needed
· Investigate and specify the RLM requirements for low latency, if needed

· Objective of Performance part WI
The work is structured as two phases; testability issues are addressed and then requirements are developed:
· Phase 1:
· Study the test methodology for both BS and UE [RAN4]
· Test methodology for the test metric of 99.999% reliability with testing time into consideration
· Test methodology for low latency requirements
· Phase 2:
· Specify the following performance requirements based on Rel-15 URLLC functionalities [RAN4]
· Investigate and specify the RLM test cases 
· Study and specify the US/BS demodulation performance and UE CQI reporting requirements for high reliability
· The following candidate features related to high reliability should be further identified and prioritized
· PDSCH repetitions over multiple slots
· PUSCH repetitions over multiple slots
· 4-bit CQI Table 3
· MCS index table 3
· Other features are not precluded
· Study and specify the UE/BS demodulation performance and UE CQI reporting requirements for low latency
· The following candidate features related to low latency should be further identified and prioritized
· PDSCH processing capability 2
· Self-contained slot and/or non slot for DL
· PDSCH and PUSCH mapping type A/B
· Pre-emption indication for DL
· Other features are not precluded
· Specify the following performance requirements based on Rel-16 URLLC functionalities [RAN4]
· Base station demodulation performance requirements
· UE demodulation performance requirements
· [bookmark: OLE_LINK4]Base station conformance testing 

In this contribution, we discuss our views on RLM design for URLLC.
2. Discussion
At the RAN1 and RAN2, URLLC features has been studied [2] and specified in Rel. 15 and Rel. 16. Use cases of the URLLC include power distribution, factory automation, AR/VR and transport industry, in which higher reliability and/or low latency is crucial. In the Rel. 15 NR RRM standardization, radio link monitoring was specified assuming eMBB. Therefore, it should be revisited to be optimized for URLLC to ensure the strict reliability and latency requirements.
Out-of-sync (OOS) and In-sync (IS) BLER
Table I shows OOS and IS BLER values for Rel. 15 NR. In the Rel. 16 URLLC SI, target BLER for URLLC PDCCH was assumed as 1e-5 or 1e-6 [2] and the OOS and IS BLER should be modified accordingly. Considering various use cases with various requirements for URLLC, it is beneficial to support configurable values for the target PDCCH BLER.
Table I: OOS and IS BLER for Rel. 15 NR (TS38.133 Table 8.1.1-1)
	Configuration
	BLERout
	BLERin

	0
	10%
	2%



Observation 1: In the Rel. 16 URLLC SI, target BLER for URLLC PDCCH was 1e-5 or 1e-6 [2].
Proposal 1: OOS and IS BLER should be in the order of 1e-5 or 1e-6.
Observation 2: Considering various use cases with various requirements for URLLC, target BLER for URLLC can be configurable. 
PDCCH parameters
Table II shows PDCCH parameters for OOS with SSB-based RLM, which was specified for Rel. 15 NR. Although it is not preferred in terms of UE implementation to have multiple PDCCH parameters and corresponding look-up table, it might be beneficial to modify the values assuming typical URLLC operation. It is generally assumed that PDCCH parameters for URLLC is more robust compared to that for eMBB. Firstly, for the number of control OFDM symbols, candidate values can be 1 and/or 2. More specifically, 1 and 2 can be used to achieve low-latency purpose and coverage purpose, respectively. On the other hand, considering the latency, control OFDM symbol of 3 can be deprioritized. Secondary, aggregation level can be changed to larger value for higher reliability such as 16. Lastly, values for REG bundle size can be 2 or 6. For instance, when gNB knows which beam is best for the UE, then REG bundle size of 6 is good to obtain the beamforming gain. When gNB does NOT know which beam is best for the UE, then REG bundle size of 2 is a good value to obtain the frequency diversity gain.
Table II: PDCCH parameters for OOS with SSB-based RLM (TS38.133 Table 8.1.2.1-1)
	Attribute
	Value for BLER Configuration #0

	DCI format
	1-0

	Number of control OFDM symbols
	2

	Aggregation level (CCE)
	8

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	4dB

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	4dB

	Bandwidth (MHz)
	24

	Sub-carrier spacing (kHz)
	SCS of the active DL BWP

	DMRS precoder granularity
	REG bundle size

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed



Proposal 2: PDCCH parameters for OOS and IS can be modified assuming typical parameters for URLLC operation. Followings are candidate values for discussion.
	Attribute
	Value for BLER Configuration #0

	Number of control OFDM symbols
	[1, 2]

	Aggregation level (CCE)
	16

	REG bundle size
	[2, 6]



3. Conclusion
In this contribution, we discussed our general views on RLM design for URLLC. Our observations and proposal are shown as follows.
Observation 1: In the Rel. 16 URLLC SI, target BLER for URLLC PDCCH was 1e-5 or 1e-6 [2].
Observation 2: Considering various use cases with various requirements for URLLC, target BLER for URLLC can be configurable.
Proposal 1: OOS and IS BLER should be in the order of 1e-5 or 1e-6.
Proposal 2: PDCCH parameters for OOS and IS can be modified assuming typical parameters for URLLC operation. Followings are candidate values for discussion.
	Attribute
	Value for BLER Configuration #0

	Number of control OFDM symbols
	[1, 2]

	Aggregation level (CCE)
	16

	REG bundle size
	[2, 6]
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