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1. Introduction
In last RAN4 meeting, we had discussed the RLM evaluation period in NR-U scenario and some of the agreements have been captured in the approved WF[1],

	Topic #4: RLM and link recovery procedures (AI 6.1.5.10)
· The set of SSBs that UE is required to monitor
· Wait for RAN1 feedback 
· Whether UE is able to distinguish the unavailable RLM-RS in low SNR in NR-U 
· Option 1: UE is not able to distinguish the unavailable RLM-RS for Es/Iot ≤ -7dB in NR-U
· Option 2: UE is not able to distinguish the unavailable RLM-RS for Es/Iot ≤ -XdB in NR-U. X is FFS based on simulation results.
· Availability of Q factor 
· Except for initial access, Q factor is always known to UE.
· CSI-RS based CBD requirement 
· RAN4 start to discuss CSI-RS based BFD requirement after RAN1 conclude on CSI-RS validation
· SSB-based OOS evaluation period
· For SINREST ≤ X dB the OOS evaluation period 
· Option 1: Keep unchanged
· Option 2: Fixed extension of number of samples as follows: 
· L = TBD for max(TSSB, TDRX) ≤ 40, 
· L = TBD for 40 <Max(TDRX, TSSB)≤320 
· L = TBD for TDRX >320
· For SINREST > X dB the OOS evaluation period is FFS
· X = [-7dB]
· SINREST is the estimated SINR at the UE side
· Option 1: Filtered SINR estimate over evaluation period
· Option 2: Current SSB SINR estimate
· Option 3: last available SSB SINR
· Other options are not precluded
· CSI-RS based RLM requirement
· Continue discussion in #96e meeting
· SSB based BFD requirement 
· Wait for the conclusion of SSB based OOS requirement
· CSI-RS based BFD requirement 
· RAN4 start to discuss CSI-RS based BFD requirement after RAN1 conclude on CSI-RS validation.
· CSI-RS based CBD requirement 
· RAN4 start to discuss CSI-RS based BFD requirement after RAN1 conclude on CSI-RS validation.



In this contribution, we discuss the remaining issues for RLM in NR-U and the same methodology shall be applied to BFD as well.
2. Condition to determine RLM/BFD OOS evaluation extension
In order to determine the extension for OOS evaluation time for NR-U, the evaluation reliability is one of the most important factors to consider. In last meeting, companies discussed the side condition under which UE cannot differentiate the LBT failure from poor channel condition, and we also believe the real SNR condition for UE to identify LBT failure could be lower than -7dB. However, identifying LBT failure might not be the most significant side condition to decide extension or not, since the evaluation accuracy/reliability is the key to make sure UE won’t trigger wrong OOS. Even with SNR condition around -7dB, UE may still trigger the wrong OOS indication when the sample number is reduced to certain level due to the LBT failure at network side. Moreover, under really low SNR condition, if UE cannot differentiate the LBT failure from poor channel, it doesn’t matter much to trigger OOS since the channel itself is poor already.
By considering the evaluation reliability instead of whether UE can identify LBT failure or not, we propose to always apply the extension for RLM OOS evaluation in NR-U.
Option 1: apply the permanent extension for RLM OOS evaluation in NR-U regardless of the SINR condition.
However, in case option 1 cannot be agreed by companies, we are also open to discuss further on the SNR condition even though we believe this condition would not affect OOS evaluation too much. In case we are going to define the SNR to decide whether extension is needed or not, we have concern to use the relatively low SINR, e.g. the SINR with which UE can identify LBT failure.
As shown in figure 1, the SINR on available SSBs are higher than real SINR with which UE can identify the LBT failure, and if in this case UE chooses to not extend the evaluation period, then the total number of evaluation sample cannot offer UE sufficient accuracy to determine the correct OOS indication.
Also, in figure 1, using the SINR2 to decide the extension could give UE sufficient margin to maintain the evaluation reliability/accuracy, e.g. UE may use 7 samples in figure 1 to still maintain the evaluation accuracy. Since in previous test case design, -7dB is a SINR condition to provide UE sufficient margin from triggering wrong OOS, here we could also use this SINR condition to decide the extension to make sure UE can maintain the evaluation accuracy as much as possible. In addition, in R15 test case design, with all the possible implementations (e.g. some UE may not use all the SSB occasion for evaluation) the SINR2 could guarantee UE won’t trigger OOS mistakenly, and therefore it’s a good SINR breakpoint to decide the extension. 
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Figure 1. evaluation reliability with LBT failure
If the SINR≤-7dB is adopted to determine the OOS evaluation extension, in order to avoid too dynamic and complicated UE implementation, we prefer to use the filtered SINR estimate over the evaluation period, i.e., like in figure 1, in the original evaluation period UE finds the filtered SINR is below the -7dB and UE would extend it to the longer evaluation period.  
Option 2: use SINREST ≤ -7dB as the side condition to determine OOS evaluation extension. SINREST is the filtered SINR estimate over the evaluation period at UE side.
In order to maintain the evaluation accuracy, the number of extension could be same as what we used in RSRP/RSRQ/SINR measurement delay, which is as below,
· L = 7 when Max(TDRX, TSSB)≤ 40ms,
· L = 5 when 40ms< Max(TDRX, TSSB)≤320ms, 
· L = 3 when TDRX >320ms.
Proposal 1: RAN4 shall choose the RLM OOS evaluation extension method for NR-U from following options:
· Option 1 (preferable): apply the permanent extension for RLM OOS evaluation in NR-U regardless of the SINR condition, and the sample number for extension is:
· L = 7 when Max(TDRX, TSSB)≤ 40ms,
· L = 5 when 40ms< Max(TDRX, TSSB)≤320ms, 
· L = 3 when TDRX >320ms.
· Option 2: use SINREST ≤ -7dB as the side condition to determine OOS evaluation extension, and SINREST is the filtered SINR estimate over the evaluation period at UE side. The sample number for extension is:
· L = 7 when Max(TDRX, TSSB)≤ 40ms,
· L = 5 when 40ms< Max(TDRX, TSSB)≤320ms, 
· L = 3 when TDRX >320ms.
For BFD evaluation the same principle as RLM OOS shall be used, and the only difference is the side condition of SINREST. Since the hypothetical PDCCH power parameter is 4dB higher than RLM and also in the BFD test case the SINR2 is 4dB higher than the one in RLM, we propose that,
Proposal 2: RAN4 shall choose the BFD evaluation extension method for NR-U from following options:
· Option 1 (preferable): apply the permanent extension for RLM OOS evaluation in NR-U regardless of the SINR condition, and the sample number for extension is:
· L = 7 when Max(TDRX, TSSB)≤ 40ms,
· L = 5 when 40ms< Max(TDRX, TSSB)≤320ms, 
· L = 3 when TDRX >320ms.
· Option 2: use SINREST ≤ -3dB as the side condition to determine OOS evaluation extension, and SINREST is the filtered SINR estimate over the evaluation period at UE side. The sample number for extension is:
· L = 7 when Max(TDRX, TSSB)≤ 40ms,
· L = 5 when 40ms< Max(TDRX, TSSB)≤320ms, 
· L = 3 when TDRX >320ms.
Proposal 3: same option in proposal 1 and 2 shall be adopted for RLM OOS and BFD. 
From our perspective we prefer to choose option 1 for both BFD and RLM OOS evaluation extension.
3. Conclusion
In this contribution, we discuss the remaining issues for RLM in NR-U and the same methodology shall be applied to BFD as well.

Proposal 1: RAN4 shall choose the RLM OOS evaluation extension method for NR-U from following options:
· Option 1 (preferable): apply the permanent extension for RLM OOS evaluation in NR-U regardless of the SINR condition, and the sample number for extension is:
· L = 7 when Max(TDRX, TSSB)≤ 40ms,
· L = 5 when 40ms< Max(TDRX, TSSB)≤320ms, 
· L = 3 when TDRX >320ms.
· Option 2: use SINREST ≤ -7dB as the side condition to determine OOS evaluation extension, and SINREST is the filtered SINR estimate over the evaluation period at UE side. The sample number for extension is:
· L = 7 when Max(TDRX, TSSB)≤ 40ms,
· L = 5 when 40ms< Max(TDRX, TSSB)≤320ms, 
· L = 3 when TDRX >320ms.
Proposal 2: RAN4 shall choose the BFD evaluation extension method for NR-U from following options:
· Option 1 (preferable): apply the permanent extension for RLM OOS evaluation in NR-U regardless of the SINR condition, and the sample number for extension is:
· L = 7 when Max(TDRX, TSSB)≤ 40ms,
· L = 5 when 40ms< Max(TDRX, TSSB)≤320ms, 
· L = 3 when TDRX >320ms.
· Option 2: use SINREST ≤ -3dB as the side condition to determine OOS evaluation extension, and SINREST is the filtered SINR estimate over the evaluation period at UE side. The sample number for extension is:
· L = 7 when Max(TDRX, TSSB)≤ 40ms,
· L = 5 when 40ms< Max(TDRX, TSSB)≤320ms, 
· L = 3 when TDRX >320ms.
Proposal 3: same option in proposal 1 and 2 shall be adopted for RLM OOS and BFD. 
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