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Introduction
A Study Item on NR-based access to unlicensed spectrum [1] was approved at RAN#75 and discussions started in RAN1#92. One of the objectives of the study listed in [1] includes mobility in connected/inactive/idle mode operation and radio-link monitoring/failure.
In RAN1 #93 meeting, RLM topic was discussed and an agreement has been made that potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied.
This contribution discusses implications to the radio link monitoring (RLM) and the radio link failure (RLF) framework for NR when operating in the unlicensed spectrum.
Radio Link Monitoring in NR-Unlicensed
Configuration of RLM in NR-U 
In NR, the downlink radio link quality of the primary cell is monitored by a UE for indicating out-of-sync/in-sync status to higher layers. For this purpose, the UE is configured by higher layers with a set of resources comprising either SSB or CSI-RS. 
The same modelling may be used in NR for radio link monitoring.
Proposal 1: 		     A UE can be configured for each SpCell with a set of RLM-RS resources associated at least to CSI-RS and/or SS/PBCH blocks.
Similar to LAA, discovery reference signals can be transmitted within a periodically occurring time window called the DRS measurement timing configuration (DMTC) occasion. 
In NR-U, the DRS may compromise both SSB and CSI-RS reference signals. 
Proposal 2:	RLM-RS can be received by the UE within a periodically occurring time window.  
In NR, UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP on the primary cell.
Following the same logic, in NR-U the UE only monitors RLM-RS resources in its active DL sub-band, corresponding to the sub-band where the gNB performs LBT to transmit to the UE. 
Proposal 3: 	 RLM-RS is configured and monitored by the UE per sub-band.
To reuse the NR framework, the UE could assume a one-to-one relationship between sub-band and BWP. 

Impact of LBT on RLM in NR-U 
In legacy RLM-RS operation, L1 measurements are performed inside the DMTC window to assess the quality of the radio link, indicating either in-sync (IS) or out of sync (OOS) to higher layers. These measurements rely on periodic transmission of the RLM-RS signals, which cannot be guaranteed in the unlicensed spectrum due to possible network LBT failure. If an OOS condition is indication, the UE cannot distinguish whether this was due to poor link quality, or network LBT failure. This can result in RLF being be triggered during good channel conditions, causing unnecessary interruption, latency, and signalling overhead.
Upon detecting physical layer problems for the SpCell (i.e. upon receiving N310 consecutive out-of-sync indications from lower layers), the timer T310 is started. At the timer expiry, the UE declares RLF and initiates the connection re-establishment procedure.
Under high channel load, the NW may not have acquired the channel for the whole duration of T310, resulting in the UE declaring RLF and initiating re-establishment. 
Moreover, upon declaring RLF, the UE may re-select the same cell if the channel becomes available, resulting in an unnecessary service interruption. 
Observation 1: 	The UE may spuriously trigger RLF in the unlicensed spectrum due to the network failing to acquire the channel and provide RLM-RS under high channel load. 
Observation 2: 	Effects of OOS indications should be mitigated in good channel conditions and high loaded channel. 
Proposal 4: 	Enhancements to RLM are required for NR-U to mitigate the impact of missed RLM-RS transmissions when the channel is occupied.
The RLM mechanism can be better adapted to the unlicensed environment through several possible enhancements. A desirable feature would be the ability for the UE to distinguish a missed RLM-RS from poor channel conditions, possibly through clear channel assessment (CCA) during RLM (e.g. RSSI measurement, channel occupancy…).  To increase the reliability of this estimation, one could consider introducing signalling (e.g. from PDCCH) or other indication from the network that a previous RLM-RS instance was missing.
Proposal 5:  	Consider enabling the UE to detect missed RLM-RS samples due to network LBT failure.

Another direction could be to configure higher values of the N310 counter or T310 timer to avoid premature RLF when several RLM-RS instances are missed due channel access failure. However, as this generally tends to delay recovery from a bad link, it would be preferable that the UE only applies this configuration under high load conditions. One solution could therefore be to configure two sets of RLM-RS resources and parameters. The UE then uses one set or the other depending on channel occupancy. The additional RLM-RS resources could also be used to enable faster recovery (in-sync) under high load.
Proposal 6:	Consider adaptation of RLM counters and/or timers based on channel occupancy.
Proposal 7:	Consider use of additional sets of RLM-RS to enable faster RLM recovery under a highly loaded channel. 

Radio link failure in NR-Unlicensed
We discussed in the previous section enhancements to radio link monitoring framework for NR-U and to mitigate the impacts of LBT on radio link failure declaration. 
In NR, two other triggering points of RLF are supported and associated to uplink radio link failures. These two other causes of RLF are maximum number of re-transmissions indicated by RLC, and random access problems indicated by MAC. 
However, such triggers may occur too late in an NR-U scenario where load conditions can increase unexpectedly. For this reason, an additional RLF criterion that triggers when the UE fails to access the channel repeatedly (or for an extended time) should be supported. The exact nature of the trigger should be studied in future meetings.
Proposal 8: 	NR-U supports triggering of RLF when the UE repeatedly fails to access the channel in high channel occupancy scenarios.
Conclusion
In this contribution the following observations were made on RLM-RLF for NR-U:
Observation 1: 	The UE may spuriously trigger RLF in the unlicensed spectrum due to the network failing to acquire the channel and provide RLM-RS under high channel load. 
Observation 2: 	Effects of OOS indications should be mitigated in good channel conditions and high loaded channel. 
And the following proposals were made: 
Proposal 1: 	A UE can be configured for each SpCell with a set of RLM-RS resources associated at least to CSI-RS and/or SS/PBCH blocks.
Proposal 2:	RLM-RS can be received by the UE within a periodically occurring time window.  
Proposal 3: 	RLM-RS is configured and monitored by the UE per sub-band.
Proposal 4: 	Enhancements to RLM are required for NR-U to mitigate the impact of missed RLM-RS transmissions when the channel is occupied.
Proposal 5:  	Consider enabling the UE to detect missed RLM-RS samples due to network LBT failure.
Proposal 6: 	Consider adaptation of RLM counters and/or timers based on channel occupancy.
Proposal 7: 	Consider use of additional sets of RLM-RS to enable faster RLM recovery under a highly loaded channel. 
Proposal 8:		NR-U supports triggering of RLF when the UE repeatedly fails to access the channel in high channel occupancy scenarios.
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