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Introduction
During the Study Item of NR-U, 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.
In TR 38.889, the following was captured regarding the changes of RLM procedures due to LBT and the support of multiple beam operation in NR-U:
For RRM, RLM, and mobility procedures, NR licensed specification in Rel-15 are considered as a baseline for NR-U. However, changes to these due to new physical layer design and LBT for the unlicensed operation can be introduced. These will support both synchronous and, except for LAA case, asynchronous deployments. 
The RRM and RLM framework for NR-U will also support multiple beam operation.

In RAN1 #95  the following agreements were made:
· For RLM, the following recommendations are considered beneficial for further design in the WI:
· Identifying a set of RLM-RS, e.g., DRS, SS/PBCH blocks, CSI-RS
· Transmission of the RS in a COT may be subject to LBT
· Identifying which set(s) of RLM-RS are used for in-sync and out-of-sync evaluations
· For example, determining which RLM-RS within or outside the DMTC for RLM can be utilized for in-sync and out-of-sync evaluations
· Potential definition of a metric, e.g., Rel-15 out-of-sync indication or new metric, to accurately identify instances of unsuccessful detection of RLM-RS. Whether/how to report such a metric to higher layers is to be further 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.
RLM and RLF in NR-Unlicensed
Impact of LBT on 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 as NR was agreed to be used as baseline for radio link monitoring 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 predictable 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 indicated, 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. 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: 	R15 RLF procedures may result in spurious triggering of RLF in unlicensed spectrum due to the network failing to acquire the channel and providing RLM-RS under high channel load. 

Therefore, when the UE has detected that an RS is missed due to LBT, an OOS indication may not be suitable. However, if the RLM_RS are absent for extended periods of time, the UE will stay in a busy channel without triggering any recovery action. 

Observation 2: If the RLM_RS are absent for extended periods of time, and consecutive IS indications or no indications are generated, the UE may stay in a busy channel without triggering any recovery action.

Proposal 1:  	NR-U supports a recovery action when lower layers indicate continuous failure to evaluate link quality due to missing RLM-RS samples. Details of recovery action (e.g. RLF, switching to default BWP) are FFS.
The RLM mechanism can be enhanced to for operation in unlicensed spectrum through several possible solutions. 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, it would be beneficial to introduce signalling (e.g. from PDCCH or other indication from the network) that a previous RLM-RS instance was missing. 

Proposal 2:  	NR-U supports signalling to indicate missing RLM-RS samples to the UE. 

Moreover, RAN1 has agreed UE may assume the presence of a signal, such as the DMRS of PDCCH, or any other present signals to detect transmission bursts by the serving gNB and enable power saving by not necessitating performing blind decodes to detect the transmission burst. 
The detection of a DL transmission burst may also be used by the UE to determine whether an RLM-RS in the active DL BWP has been transmitted by the gNB. 
RAN1 also agreed that the payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving. The COT structure can also be used by the UE to determine whether an RLM- RS has been transmitted. 

Proposal 3:  	The UE determines whether an RLM-RS is missing by signal-based detection of a DL transmission burst (e.g. DMRS of PDCCH) and COT indication.

While it may not be suitable to indicate OOS when the UE has identified missed RLM-RSs, it is still beneficial that an indication is sent to higher layers to enable recovery actions when the channel has been busy for an extended period.
At each evaluation period, the physical layer in the UE may indicate to higher layers either OOS, IS or a third type of indication when the RLM-RS are missing e.g. a non-sync indication. This indication could be used by the UE when it has not detected a DL burst in its active DL BWP as described in proposal 3. Another way to evaluate the conditions for this indication may be based on a new metric. This metric may for example be based on the difference between RSRP and RSRQ measurements of an RLM-RS. 

Proposal 4:  	A Non-Sync indication based on a new metric or on the absence of detection of DL burst may be used when an RLM-RS has not been transmitted due to LBT failure.

This indication may be treated differently than the OOS and may be for example associated with counters and timers to declare RLF that are less aggressive than the ones of OOS. 

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 5: 	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: If the RLM_RS are absent for extended periods of time, and consecutive IS indications or no indications are generated, the UE may stay in a busy channel without triggering any recovery action.
And the following proposals were made: 
[bookmark: _Hlk1067966]Proposal 1:  	NR-U supports a recovery action when lower layers indicate continuous failure to evaluate link quality due to missing RLM-RS samples. Details of recovery action (e.g. RLF, switching to default BWP) are FFS.
Proposal 2:  	NR-U supports signalling to indicate missing RLM-RS samples to the UE. 
[bookmark: _GoBack]Proposal 3:  	The UE determines whether an RLM-RS is missing by signal-based detection of a DL transmission burst (e.g. DMRS of PDCCH) and COT indication.
Proposal 4:  	A Non-Sync indication based on a new metric or on the absence of detection of DL burst may be used when an RLM-RS has not been transmitted due to LBT failure.
Proposal 5: 	NR-U supports triggering of RLF when the UE repeatedly fails to access the channel in high channel occupancy scenarios.
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