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	Introduction
In RAN1#95 meeting[1], an agreement has been reached as below:
Agreement:
· 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. 
In RAN2#105Bis meeting[2], an agreement has been reached as below:
FFS: A new RLF trigger mechanism for missing RLM-RS may be defined at upper layers but RAN2 should wait for RAN1 conclusion on this issue
In this contribution, we discuss potential ways to mitigate the impact of missing RLM-RS due to DL LBT failure and propose a way to trigger RLF in case of very high number of DL LBT failures. Further, if a given frequency continues to suffer from heavy load and hence high number of LBT failures, a mechanism is needed for the UE to reselect to the different frequency. So, a way forward is also proposed to achieve this. 
	Discussion
According to NR [3][4], UE shall monitor the downlink link quality based on the configured RLM-RS resource(s), when the radio link quality is worse than the threshold Qout for all resources within the evaluation period, the physical layer in the UE indicates out-of-sync to RRC. If receiving N310 consecutive "out-of-sync" indications from the physical layer, UE shall start timer T310. Upon T310 expiry, UE shall declare RLF.
On NR-U, the impact of LBT failure on RLM/RLF procedure has been evaluated by simulation in [5]. From the simulation results, it is obvious that the RLF probability increases with increased LBT failure in DL, especially under the medium and high load. This is because LBT failure in DL results in there being no RLM-RS and is detected by the physical layer as poor link quality so that OOS condition is met.
Observation 1: With increased DL LBT failure rate, RLF probability will increase because of lack of RLM-RS in DL.
To avoid unnecessary RLFs, the impact of missing RLM-RS on RLM has to be minimized. If it is possible for the UE to reliably identify the instances when the RLM-RS is not transmitted in the DL and distinguish these instances from the cases when RLM-RS is transmitted but received with poor quality, then the slots where RLM-RS is not transmitted can be omitted from the evaluation of IS/OOS generation. A common scheme DTX detection, i.e. false alarm detection, can be used by UE in implementation way to detect whether the RLM-RS is transmitted. In case of unlicensed spectrum, detecting whether or not RLM-RS is transmitted or not is relatively simpler. This is because, in general the channel is noise limited as interference due to simultaneous transmission is mitigated because of LBT (i.e. typically only one node transmits over the medium and hence RLM-RS if transmitted, is typically detected with high reliability). Further, it should also be noted that if neither IS nor OOS is indicated from the physical layer as a result of the missing RLM-RS, the overall RLM mechanism is designed to be not affected by this. Thus, the following observation can be made: 
Observation 2: By excluding the instances when RLM-RS was not transmitted in the evaluation of IS/OOS, the impact of RLF due to DL LBT failure can be mitigated.
However, in some cases, if the channel is heavily loaded, then DL LBT failures happen with very high probability. As a result, gNB can’t get the channel access to transmit RLM-RS for a prolonged period of time. In general, the access class for RLM-RS is highest. If gNB can’t get the channel with the highest access class, the successful possible to LBT with the low access class is lower. So, gNB can’t ensure the service quality for UE, and it may even be difficult to send a RRC message to UE. However, if the UE then excludes all these DL samples from IS/OOS evaluation, then RLF will not be triggered even though the UE is essentially out of service. Hence, a new mechanism to trigger RLF is necessary in this case to avoid the UE being stuck on a problematic frequency for a prolonged period. 
Observation 3: If the RLM-RS cannot be transmitted for a prolonged period of time, the quality of service for the UE will deteriorate and a mechanism to trigger RLF in this case is necessary.
Since gNB has little chance to serve UE due to LBT failures, it is more effective for UEs to switch to other carriers in this situation. Hence, a separate mechanism to trigger RLF is needed when excessive DL LBT failures are detected. 
In conclusion, if UE can distinguish LBT failures from poor channel quality condition for transmission of RLM-RS, a mechanism to trigger RLF when necessary due to LBT failures can be considered. The overall frame work for consistent LBT failures can include the LBT failures to missing RLM-RS as an additional trigger to declare the RLF due to consistent LBT failures. Thus, we propose the following: 
Proposal 1: In NR-U, the UE should detect the instances when RLM-RS is missing due to DL LBT failure. 
Proposal 2: The LBT failure indications due to missing RLM-RS should be integrated into the overall LBT framework for detecting consistent LBT failures. 
Further, the consistent uplink LBT failure also can trigger a RLF, an agreement has been reached as below in RAN2#105[6].
Consistent LBT failures can lead to RLF, at least for UL transmissions, for which consistent failures can currently eventually lead to RLF 
In case the serving frequency suffers from high load in uplink or downlink, the repeated LBT failures may not be alleviated if the UE selects the same frequency and same cell after the cell reselection process during reestablishment procedure. Thus, a mechanism is needed to ensure the UE selects another frequency (if available) other than the heavily loaded one upon repeated RLFs. There are multiple ways to achieve this: 
· Use an additional offset for Qoffset for the concerned cell when performing cell selection or reselection (this is basically similar to the solution used to solve the Chiba problem – see 38.331[4]). 
· Reduce the priority of the current frequency for a given period of time
Given that high load in unlicensed spectrum typically is the characteristic of a frequency (and not just the current cell), it is preferable to have a mechanism to move the UE to a different frequency rather than just the current cell. Given this the mechanism to reduce the priority of the current frequency seems better suited for this purpose. So, we propose the following: 
Proposal 3: RAN2 should define mechanisms to deprioritize the serving frequency upon RLF triggered due to repeated LBT failures. 
	Conclusion 
The proposals are as follows:
Observation 1: With increased DL LBT failure rate, RLF probability will increase because of lack of RLM-RS in DL.
Observation 2: By excluding the instances when RLM-RS was not transmitted in the evaluation of IS/OOS, the impact of RLF due to DL LBT failure can be mitigated.
Observation 3: If the RLM-RS cannot be transmitted for a prolonged period of time, the quality of service for the UE will deteriorate and a mechanism to trigger RLF in this case is necessary.
Proposal 1: In NR-U, the UE should detect the instances when RLM-RS is missing due to DL LBT failure. 
Proposal 2: The LBT failure indications due to missing RLM-RS should be integrated into the overall LBT framework for detecting consistent LBT failures. 
Proposal 3: RAN2 should define mechanisms to deprioritize the serving frequency upon RLF triggered due to repeated LBT failures. 
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