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1	Introduction
In RAN4#86, RAN4 has further discussed the open issues in RLM requirements, and the remaining open issues are captured in [1]. In RAN#79, the earlier RAN4 agreement to introduce CSI-RS based RLM requirements in Rel-15 was confirmed, so requirements for both SSB and CSI-RS based RLM will be discussed in RAN4.
In our view, the remaining open issues for SSB based RLM include
· Requirements for FR2
· Requirements for DRX
· The number of RLM-RS resources UE should be able monitor
· Need to define PDCCH parameter based on SCS of RLM-RS
· Handling of partial and full overlapping between RLM-RS and MGs (addressed in our companion paper)
In this paper, we will provide our views on the remaining issues for SSB based RLM. Although the discussion is based on SSB, the proposals are also applicable for CSI-RS based RLM.
2	Discussion
2.1	FR2 requirements
The issues to be addressed for FR2 requirements are listed in [2] and copied below.
	· FFS whether RLM causes interruption (similar as intra-frequency measurement) or not
· FFS whether Rx beam sweeping factor is applied for RLM
· RAN4 to further discuss the following scenarios for RLM regarding the timing relationship between RLM-RS and intra-frequency SMTC:
· Fully non-overlapping (not applicable for SSB)
· None of RLM-RS occasions is within SMTC
· RLM is performed in all available RLM-RS resources
· Partially overlapping 
· Some but not all RLM-RS occasions is within SMTC
· RLM is performed in available RLM-RS resources outside SMTC
· FFS whether RLM is also performed in available RLM-RS resources within SMTC
· Fully overlapping
· All RLM-RS occasions are within SMTC
· FFS whether requirements are defined for this configuration 
· RLM is performed in available RLM-RS resources within SMTC
· In case requirements are defined for RLM performed in available RLM-RS resource within SMTC, time sharing between RLM and intra-frequency measurement is FFS


In RAN4#86, some companies raised the issue that RLM in FR2 may cause scheduling unavailability and need the scaling factor for Rx beam sweeping, as intra-frequency measurement. The reason is that UE may not always use the Rx beam for data (PDCCH and/or PDSCH) for monitoring all RLM-RSs. 
In our view, RLM (and also beam failure detection) is different from beam management (beam measurement and reporting). For the latter, the beams that UE is configured to measure can be different than the data beam since the intention of the beam measurement and reporting is to identify if there is other good beam than the data beams, so some Rx beam sweeping may be needed. For RLM, network will configure the RLM-RS that are QCL-ed with the PDCCH, as otherwise the monitored SINR cannot represent the PDCCH performance, so UE should use the data beam for monitoring RLM-RS, and there should be no issue of scheduling unavailability or need for beam sweeping factor.
[bookmark: _Ref510798166]RLM in FR2 should not cause scheduling unavailability, and Rx beam sweeping factor should not apply for RLM.
Next, we will discuss the timing relationship between RLM-RS and intra-frequency SMTC. Since UE needs to sweep the Rx beam for intra-frequency measurement but use the data beam for RLM, RLM and intra-frequency measurement cannot be performed at the same time. 
As intra-frequency SMTC period is always equal to or greater than the serving cell SSB period, full non-overlapping cannot happen for SSB based RLM. For CSI-RS based RLM, full non-overlapping case can happen, and the UE requirements should be derived as agreed in [1].
The partial overlapping case may be one typical network configuration. For example, the serving cell SSB period (or CSI-RS) is 20ms, and intra-frequency SMTC period is 40ms. RLM should be performed in available RLM-RS resources outside SMTC, but the question is whether UE should also perform RLM on RLM-RS occasions overlapping with SMTC. In our view, this is not needed. Actually, the issue is quite similar to the partial overlapping between intra-frequency SMTC and MG, where most companies proposed that UE only performed intra-frequency measurement in SMTC occasions outside the MGs. The same principle should be re-used, since if network expects better RLM performance, it can just configure larger SMTC period, and this will be the same effect as RLM is also performed within the SMTC and share the occasions with intra-frequency measurement.
The full overlapping case for SSB based RLM means the intra-frequency SMTC period is the same as SSB period. This configuration can be excluded from UE requirements. 
· For the performance of RLM and intra-frequency measurement, full overlapping with time sharing is very similar to partial overlapping.  
· The time sharing rule needs to be defined for this case and it will cause additional efforts in RAN4. This is different from full overlapping between intra-frequency SMTC and MGs because the MG sharing between intra- and inter-frequency is anyway needed. 
· Full overlapping between RLM-RS and intra-frequency SMTC means that SMTC is of the same period as the SSB transmitted by the serving cell. For FR2, such configuration may be an issue as intra-frequency measurement will cause scheduling unavailability. 
For CSI-RS based RLM, it is easy for network to configure CSI-RS not fully overlapping with SMTC.
[bookmark: _Ref510798167]For FR2, in case of partial overlapping between RLM-RS and intra-frequency SMTC, RLM is only performed in RLM-RS occasions not overlapping with SMTC.
[bookmark: _Ref510798168]For FR2, UE requirements are not defined for the case of full overlapping between RLM-RS and intra-frequency SMTC.
In RAN4#86, some companies proposed another timing relationship between RLM-RS and SMTC. Since RLM-RS can be only up to 8 SSBs, it can be “extracted” from SMTC. For example, out of the 64 SSBs per period, UE will perform RLM on the selected 8 SSBs for RLM, and measurement on the remaining 58 SSBs. In other words, RLM will take priority when RLM-RS and intra-frequency SMTC are overlapping. 
Although this is a possible configuration, some feasibility analysis is needed before RAN4 defines UE requirements for it. For example, it means the number of Tx beams that can be used by the serving cell is reduced. Also all cells on the intra-frequency layer need to use the same SSBs for RLM.
[bookmark: _Ref510798169]More studied are needed whether UE can always prioritize RLM over intra-frequency measurement when RLM-RS and intra-frequency SMTC are overlapping.
2.2	DRX requirements
The issues to be addressed for DRX requirements are listed in [2] and copied below.
	· Scaled by [1.5] for short DRX cycle, no scaling for long DRX cycles. The boundary for short and long DRX cycle is TBD
· FFS whether scaling for L1 indication period should be applied or not


On the boundary between short and long DRX, our suggestion is 320ms. We think UE can still get significant power saving even the RLM-RS is not aligned with DRX On-duration, for DRX cycles equal to or greater than 640ms.
On whetherL1 indication period should be also scaled or not, our view is that it should also be scaled. If evaluation period is scaled but L1 indication interval is not, UE may trigger the L1 indication based on the same evaluation result.
[bookmark: _Ref510798171]The RLM requirements on evaluation period and L1 indication interval are scaled by 1.5 for DRX cycles equal to or less than 320ms. 
2.3	Number of RLM-RS
In RAN1#91, RAN1 has confirmed all the numbers of RLM-RS resources UE should be able to monitor for different frequency ranges, and the brackets were removed in RAN1 agreement. In our understanding, those numbers were agreed in RAN1 by assuming UE will monitor all configured RLM-RS resources, as otherwise the number of configurable resources should be larger. 
If RAN4 defines a different (smaller) maximum number than what was agreed in RAN1, it will be a question what happens if network configures the maximum number of resources, otherwise the RAN2 signaling should be changed according to RAN4 agreed numbers. This in essence means a change to RAN1 agreement, and we don’t think this is a good way to go.
[bookmark: _Ref510798172]Confirm the maximum number of RLM-RS resources as currently captured in Table 8.1.1-2.
2.4	PDCCH parameter and SCS of RLM-RS
In RAN4#85, it is agreed that the SCS of the hypothetical PDCCH will follow the network configuration for the RMSI CORESET. On the other hand, the SCS of the monitored SSB can be configured separately, so it may happen that the SSB for RLM is of 240kHz SCS while the PDCCH is of 60kHz SCS. Some companies thought this may impact the applicability of some PDCCH parameters for some SSB SCS.
In our view, this may not be a problem. In RLM, UE measures the SINR from the RLM-RS, which is SSB in the context of the discussion, and SINR is independent from the SCS, i.e. the same SINR would be obtained no matter what SCS is used for the reference signal, and also the PDCCH performance would be rather similar at the same SINR condition no matter what SCS is used for the PDCCH. In this sense, there is no need to define multiple tables of PDCCH parameters for different SSB SCS.
[bookmark: _Ref510798173]The same table for PDCCH parameters applies regardless of the RLM-RS SCS.
3	Conclusion
In this paper we provided our views on the remaining issues for SSB based RLM.
Proposal 1: RLM in FR2 should not cause scheduling unavailability, and Rx beam sweeping factor should not apply for RLM.
Proposal 2: For FR2, in case of partial overlapping between RLM-RS and intra-frequency SMTC, RLM is only performed in RLM-RS occasions not overlapping with SMTC.
Proposal 3: For FR2, UE requirements are not defined for the case of full overlapping between RLM-RS and intra-frequency SMTC.
Proposal 4: More studied are needed whether UE can always prioritize RLM over intra-frequency measurement when RLM-RS and intra-frequency SMTC are overlapping.
Proposal 5: The RLM requirements on evaluation period and L1 indication interval are scaled by 1.5 for DRX cycles equal to or less than 320ms.
Proposal 6: Confirm the maximum number of RLM-RS resources as currently captured in Table 8.1.1-2.
Proposal 7: The same table for PDCCH parameters applies regardless of the RLM-RS SCS.
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