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Introduction
In last meeting, WF on RRM requirements for NR-U [1] was agreed in RAN4, which summarized the new RRM requirements agreements for NR-U especially for RLM.
SSB-based RLM
In-sync
· For SSB-based RLM in-sync
· Lin,max = 7 for Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX
· Lin,max = 5 for 40<Max(TDRX,TSSB)≤320
· Lin,max = 3 for TDRX>320
· No additional requirements due to consecutively missing SSBs for SSB-based RLM INS
· The set of SSB that UE is required to monitor
· Option 1: UE is required to monitor at least one SSB from the set of SSBs that are QCLed with each other 
· Option 2: UE is required to monitor SSBs from the set of SSBs that are QCLed with each other within the set of configured RLM-RS resources, until it detects an SSB during this SMTC during RLM or link recovery procedures 
· Option 3: UE shall monitor all SSBs configured for RLM, regardless of QCL information 
Out-of-sync
· The RLM requirements shall not rely on COT information availability
· FFS whether the decision is applicable to both FBE and LBE or only one of them
· FFS whether UE can expect gNB to transmit RLM-RS with same transmit power across different occasions
· Whether to extend the OOS evaluation period based on the number of unavailable SSB
· Option 1: No. Out-of-sync evaluation period is extended by a fixed number of samples 
· Option 1a: No. Out-of-sync evaluation period excluding the available SSB is scaled by a fixed factor of N
· Option 2: Yes. OOS evaluation is based on Lout, where Lout ≤Lout,max is the number of SSBs not available at the UE during TEvaluate_out_SSB 
· Option 3: Select option 2 in FBE networks and option 1 in LBE networks 
CSI-RS based RLM
· How to handle CSI-RS based RLM
· Option 2: Adopt the same approach for the extension of the INS and OOS evaluation periods for CSI-RS based RLM as in SSB based RLM 
· Option 3: RAN4 deprioritizes defining requirements for CSI-RS based RLM in Rel-16 NR-U networks.


As background, RAN1 has achieved the following agreements on RLM for NR-U.
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS window is supported for in-sync and out-of-sync evaluations. 
· For SSB-based RLM, UE may assume the RLM measurement window to be the same as DRS transmission window. Note this implies that the SSB-based RLM-RS cannot fall outside the measurement window, where the DRS transmission window is configured to the UE.
· CSI-RS based RLM-RS both within and outside the SSB-based RLM measurement window (i.e., DRS transmission window) can be used for in-sync and out-of-sync evaluations.
In this document, we discuss the remaining issues for requirements of RLM for NR-U.

Discussion
· Issue 1: TDRS as RLM measurement window
As agreed in RAN1, for SSB-based RLM, UE may assume the RLM measurement window to be the same as DRS transmission window, and SSB-based RLM-RS cannot fall outside the measurement window. Moreover there is not clear definition of TSSB in NR-U, which may refer to the period between consecutive candidate SSB with the same index, or may refer to the interval between two actual transmitted SSB with the same SSB index from two consecutive DRS windows. Note that the interval of the latter case is not a fixed value which depends on the LBT outcome. 
Thus, a more accurate way as suggest by RAN1 is to use DRS transmission window TDRS as RLM measurement window for in-sync and out-of-sync evaluations, rather than TSSB  which may cause misunderstanding due to missing SSBs. 
Proposal 1: RAN4 to use TDRS as RLM measurement window for in-sync and out-of-sync evaluations.
And some small corrections are needed for the requirements of Lin,max, as follows.
Proposal 2:
Lin,max = 7 for Max(TDRX,TDRS)≤40 where TDRX =0 for non-DRX;
Lin,max = 5 for 40<Max(TDRX,TDRS)≤320;
Lin,max = 3 for TDRX >320;

· Issue2：Clarification of available and unavailable SSB
For SSB-based RLM in-sync, it is quite clear that once UE detects an SSB as in-sync, the SSB is naturally available.

For SSB-based RLM out-of-sync, from our side, RAN4 shall clarify how UE determines that the SSB is available or unavailable, since it is difficult to distinguish whether the OOS comes from poor channel conditions or missing RLM-RS due to LBT failures. For example, 
· Clarify if unavailable SSB means SSB occasion is not available or occasion is available but SSB is not transmitted? 
· Clarify in case the measured result is lower than OOS-threshold, how does UE determine if it results from OOS or absent of SSB transmission? 

Proposal 3: RAN4 to clarify how UE determines the SSB is available or unavailable for RLM OOS.

· Issue3：Extension of the OOS evaluation period
Whether to extend the OOS evaluation period based on the number of unavailable SSB
· Option 1: No. Out-of-sync evaluation period is extended by a fixed number of samples 
· Option 1a: No. Out-of-sync evaluation period excluding the available SSB is scaled by a fixed factor of N
· Option 2: Yes. OOS evaluation is based on Lout, where Lout ≤Lout,max is the number of SSBs not available at the UE during TEvaluate_out_SSB 
· Option 3: Select option 2 in FBE networks and option 1 in LBE networks 

For option 1, if UE can accurately identify the instances of unsuccessful or successful RLM-RS transmission, only the RLM-RS successfully transmitted by a gNB can be included in the measurement samples. UE should determine whether a RLM-RS instance is used for IS/OOS evaluation by explicit signaling or implicit determination. However, it still depends on reference signal availability. 
For option 1a, we can support option 1a by defining fixed scaling factor N for TEvaluate_out_DRS if no decision on new metric or signaling indicator. Even though it seems an easier way, there still exists room for improvement of evaluation for NR-U RLM.
· For FR2, the scaling factor N is already defined in Rel-15, N =8 for SSB RLM, N=1 for CSI-RS RLM. 
· For FR1, in our view, for different configuration of DRX, the scaling factor can be different.

For option 2 and 3, the OOS evaluation period is expected to be extended based on the number of unavailable SSB. To better handle missing RLM-RS due to LBT failure, some companies suggest in an FBE system UE can take into account COT (as indicated in SI) in determining LBT failure, and to define max of OOS evaluation period only when the RLM-RS fall within COT and when UE can decode the DCI containing COT duration. However, based on RAN1’s feedback, DCI may not be always available, which cannot always help distinguish such scenario. 
Thus, in our view, to enhance the efficiency of evaluation for RLM, two options can be further considered,
· Alt. 1: introduce a new signal indicator for NR-U to determine whether a RLM-RS instance is used for IS/OOS evaluation
· Alt. 2: introduce a new metric to identify instances of unsuccessful detection of RLM-RS	
Observation 1: To enhance the efficiency of evaluation for RLM, two options can be further considered,
· Alt. 1: introduce a new signal indicator for NR-U to determine whether a RLM-RS instance is used for IS/OOS evaluation
· Alt. 2: introduce a new metric to identify instances of unsuccessful detection of RLM-RS	
According to the analysis above for option 1/1a/2/3, a new signal indicator in Alt. 1 seems not preferred for NR-U. From our side, we have a preference for Alt. 2 for NR-U RLM performance enhancement.
Proposal 4: RAN4 to introduce a new metric of NR-U RLM to identify instances of unsuccessful detection of RLM-RS.
In current NR spec, the threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to the out-of-sync block error rate (BLERout). A new metric can be potentially defined to identify instances of unsuccessful detection of RLM-RS. This could be another way to handle the false-alarm issue which is triggered by the LBT failure. With a new metric, an UE can differentiate the cases whether the channel is good (IS), the channel is not good (OOS) and the channel state is not good with unsuccessful detection of RLM-RS (new state). 
At least, layer 1 of the UE shall send an out-of-sync indication for the cell to the higher layers when the downlink radio link quality on all the configured RLM-RS resources is worse than Qnew (corresponding to BLERnew) due to potential LBT failure. But for an enhanced NR-U UE, layer 1 of the UE shall not directly send an out-of-sync indication for the cell to the higher layers when the downlink radio link quality on all the configured RLM-RS resources is worse than Qout (corresponding to BLERout) and better than Qnew (corresponding to BLERnew) due to potential LBT failure. Based on the new metric, more radio link states can be differentiated, and it is helpful to reduce the false-alarm in RLF. 
Table 1: Example of new metric for NR-U RLM
	Configuration
	BLERin
	BLERout
	[BLERnew   ]

	0
	2%
	10%
	[20%]



Note BLERnew should be large than current BLERout (10%) and the value of BLERnew can be further updated by more evaluation from companies.
Besides, more details can be further discussed in RAN4, such as how to handle the new state, the generation of cell level indications based on beam level evaluations and how to estimate RLF in new assumptions. An LS can be sent to RAN1/2 for further analysis if needed.
Proposal 5: An LS can be sent to RAN1/2 for further analysis on relevant issues of new metric if RAN4 decide to introduce a new metric for NR-U RLM.

Conclusion
In this contribution, we propose our view as followings:
Proposal 1: RAN4 to use TDRS as RLM measurement window for in-sync and out-of-sync evaluations.
Proposal 2:
Lin,max = 7 for Max(TDRX,TDRS)≤40 where TDRX =0 for non-DRX;
Lin,max = 5 for 40<Max(TDRX,TDRS)≤320;
Lin,max = 3 for TDRX >320;
Proposal 3: RAN4 to clarify how UE determines the SSB is available or unavailable for RLM OOS.
Observation 1: To enhance the efficiency of evaluation for RLM, two options can be further considered,
· Alt. 1: introduce a new signal indicator for NR-U to determine whether a RLM-RS instance is used for IS/OOS evaluation
· Alt. 2: introduce a new metric to identify instances of unsuccessful detection of RLM-RS	
Proposal 4: RAN4 to introduce a new metric of NR-U RLM to identify instances of unsuccessful detection of RLM-RS.
Proposal 5: An LS can be sent to RAN1/2 for further analysis on relevant issues of new metric if RAN4 decide to introduce a new metric for NR-U RLM.
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