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1. Introduction
In RAN#84 the WID for Physical layer enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC) were updated to include the following in Core part objectives:
	· 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




In this contribution we present our views on RLM requirements for URLLC.
2. Discussion
Ultra-reliable low-latency communication (URLLC) is one of the use cases supported by NR. The key goal for URLLC is to achieve reliable quality and low latency. The requirement in Rel-15 NR is 99.999% error free transmission (10-5 BLER) and latency of 1ms. In order to meet the stringent requirements for URLLC, a number of features have been introduced in NR for Rel-15 to support high reliability and low latency both in the UL and DL.
Features for improved reliability in the DL
· Additional CQI and MCS table targeting low spectral efficiency and target BLER of 10-5 
· Aggregation level of 16 for PDCCH
· Slot aggregation for PDSCH
Features to support low latency
· Scalable numerology 
· Non-slot based scheduling – Mapping TypeB for  PDSCH and PUSCH
· Pre-emption indication
· CBG based re-transmissions
· Shortened UE processing time
· Self-contained slot
· Low latency CSI feedback
In RAN#84 it was agreed to investigate and specify RLM requirements to support high reliability and low latency. 

In NR Rel-15, BLER pair for Config 0 is defined as 10% and 2% for BLERout and BLERin respectively. A second BLER pair might be introduced in future release targeting VoIP applications. In order to achieve the high target reliability for URLLC, high aggregation level of 16 was introduced in NR. For Radio link monitoring in NR we have the threshold for out-of-sync based on 10% BLER on hypothetical PDCCH transmission. The transmission parameters for PDCCH are captured below:
[bookmark: _GoBack]Table 1: PDCCH transmission parameters for out-of-sync
	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



Using aggregation level of 16 for out-of-sync evaluation might further lower the Qout threshold, using BLER target of 10%. Lowering the threshold further will not help with meeting the reliability target for URLLC. 
Observation #1: Using AL=16 for out-of-sync evaluation with same BLER target might further reduce the Qout threshold and not help with improving reliability of the link
At the UE side there is no way to differentiate URLLC and eMBB traffic. Defining a different BLER pair for URLLC might not be feasible. Even with dedicated URLLC traffic, in case a different thresholds are used for Radio link monitoring, changing the BLER thresholds might not really help with achieving better link reliability. Hence, we recommend not to define 2nd BLER pair for RLM for URLLC.
Proposal #1: For URLLC, do not define 2nd BLER pair for RLM

In order to maintain high reliability for URLLC use cases, we might need some way to prevent out-of-sync and eventual radio link failure. 
Observation #2: For URLLC use cases, to maintain high reliability, out-of-sync and Radio link failure must be prevented
In order to improve reliability, an early indication to the network when SNR conditions are deteriorating would be very beneficial for the network to trigger additional measurements on neighbor cells, other frequency bands in order to switch to another cell or band prior to detecting out-of-sync. 
Proposal #2: Introduce early out-of-sync detection at UE for URLLC to prevent out-of-sync and radio link failure

The early out-of-sync detection could be based on different hypothetical PDCCH parameters than for out-of-sync. In Table 2 we provide a recommendation for PDCCH transmission parameters for early out-of-sync detection. 
Table 2: PDCCH transmission parameters for early out-of-sync
	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
	0dB

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

	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



The transmission parameters for early out-of-sync detection and further how this is signaled to the network could be studied further in RAN4
Proposal #3: RAN4 further discusses early out-of-sync evaluation criteria and signaling to the network.

3. Conclusion
In this paper we present out views on RLM requirements for URLLC. Our observations and proposals are summarized below:
Observation #1: Using AL=16 for out-of-sync evaluation with same BLER target might further reduce the Qout threshold and not help with improving reliability of the link
Proposal #1: For URLLC, do not define 2nd BLER pair for RLM
Observation #2: For URLLC use cases, to maintain high reliability, out-of-sync and Radio link failure must be prevented
Proposal #2: Introduce early out-of-sync detection at UE for URLLC to prevent out-of-sync and radio link failure
Proposal #3: RAN4 further discusses early out-of-sync evaluation criteria and signaling to the network.
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