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Introduction
[bookmark: _Hlk513205245][bookmark: _Hlk513205847]RAN4 has completed most of the RLM requirements in RAN4#87, but there are still some open issues.
· Time sharing factor for intra-frequency measurements and RLM
· Evaluation period when UE Rx beam sweeping is used or same RS is used for RLM and BM
· Scheduling restriction for RLM in FR2
· Hypothetical PDCCH for CSI-RS based RLM
· Evaluation period for CSI-RS based RLM with D=1
· Scaling of L1 indication interval
In this paper, we will provide our views on remaining issues for RLM requirements. 
Discussion
Time sharing factor Psharing factor
In RAN4#86bis, it is agreed that when RLM-RS outside MG is fully overlapping with SMTC, a time sharing factor will be defined to scale the requirements for RRM measurement period and RLM evaluation period. This factor will determine the portion of measurement opportunity used for RLM and for RRM. In RAN4#87, there are some options discussed how to define the factor but no conclusion is reached.
· Fixed in spec (1:1 or 2:1)
· Network configurable
· Fixed in spec but different values are defined depending on whether SSB and RLM-RS is partially overlapped
Although it may be flexible if the time sharing factor can be network configurable, it should be noted that we are already in the extension phase for Rel-15 NR WI and the ASN.1 has already been frozen in particular for NSA. Introducing new signaling at this stage may be too late. Our preference is then to define a fixed value in the spec as 50%-50% which gives equal priority between RLM and intra-frequency measurement. If the network configurability is seen as really beneficial, it can be introduced in Rel-16, but so far we also do not see clear motivation for network to configure different sharing factors.
[bookmark: _Ref517641990]For FR2, the time sharing factor between RLM and intra-frequency measurement for the case of full overlapped RLM-RS and SMTC is fixed as 50%.
N factor for FR2 evaluation period
In RAN4#87, the condition under which UE is assumed to know which Rx beam direction to use for RLM measurement in FR2 is agreed. If this condition is met, the evaluation period will not scale with number of UE Rx beam directions. Otherwise, the evaluation period will be scaled with factor N.
The condition is defined in two aspects:
· The RLM-RS is QCL-ed with a BM-RS (and the QCL information is known to the UE)
· The RLM-RS is TDM-ed with the BM-RS

If RLM-RS is not QCL-ed with any BM-RS, it means UE may have not measured the RS thus does not know which Rx beam direction to use for receiving this RS. In this case, the N factor may need to account for the relaxation that UE needs for Rx beam sweeping. On the other hand, RLM is performed on specific beams of serving cell only and as discussed in RAN4#87, it is not the procedure for UE to search for best Rx beam, so applying the same sweeping factor (4 or 8) as for RRM is not reasonable. In our view, a factor of 2 should be enough. 
If RLM-RS is not TDM-ed with the BM-RS, i.e. either the RLM-RS is FDM-ed with the BM-RS or the same RS is used for both BM and RLM, UE may not be able to perform RLM and BM simultaneously, as RLM is performed with specific Rx beam direction while BM requires Rx beam sweeping. Similar as for RLM and intra-frequency, a time sharing factor is needed. To simplify the spec and the UE implementation, we prefer to define a fixed sharing factor of 2. It should be noted that although from RLM perspective, N = 2 applies for both cases where the condition is met, the latter case will also impact the measurement opportunity for L1-RSRP for BM.
[bookmark: _Ref517641991]N = 2 applies to RLM evaluation period in FR2, if RLM-RS is not QCL-ed with any BM-RS or RLM-RS is not TDM-ed with the BM-RS. 
[bookmark: _Ref517641993]RAN4 should discuss the impact of RLM on L1-RSRP measurement for BM, when RLM-RS is not TDM-ed with the BM-RS.
Scheduling restriction for RLM in FR2
The remaining open issue for scheduling restriction for RLM in FR2 is when intra-band carrier aggregation is performed, whether the scheduling restrictions apply to all serving cells on the band due to radio link monitoring performed on FR2 serving PCell or PSCell in the same band or not.
In RAN4#87, it is agreed that scheduling restriction will apply for the PCell or PSCell on RLM-RS symbols (except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE). At least for RLM-RS that is QCL-ed with PDCCH/PDSCH, UE should be able to simultaneously receive PDCCH/PDSCH and perform RLM, but in RAN4#87 some chipset vendors raise the complexity issue, and that’s the reason why scheduling restriction applies to the PCell or PSCell.
For intra-band SCells (in Rel-15 inter-band CA for FR2 is not supported in FR, so there is no inter-band SCell in FR2), we see no reason to apply the scheduling restriction. UE only performs RLM on PCell or PSCell, and UE should have dedicated baseband resources for supporting SCell data, so RLM on PCell/PSCell should not impact data on SCell. It should be also noted that RLM may be performed quite frequently, so losing the SSB or CSI-RS symbols across the aggregated BW of all intra-band CCs will cause quite big throughput loss.
[bookmark: _Ref517641994]For intra-band CA in FR2, the scheduling restrictions due to RLM shall not apply to serving cells other than PCell or PSCell.
Hypothetical PDCCH for CSI-RS based RLM
In RAN4#87, for PDCCH parameters for CSI-RS based RLM, it is agreed that the reference CORESET will be the CORESET that has QCL relationship with the CSI-RS. The principle can work, but there are some cases where UE behavior needs to be clarified.
1) a CSI-RS is QCL-ed with multiple CORESETs
2) a CSI-RS is not QCL-ed with any CORESET
3) each CSI-RS is QCL-ed with diff CORESETs	
As the TCI state of a CORESET is configured by network, all 3 cases above may happen in real network. For case 3), based on offline discussion in RAN4#87, it should not be a problem for UE to use different PDCCH parameters (symbol length, SCS, BW) for different CSI-RS resource, so there is not any issue with the agreed principle. 
For case 1) and 2), some other rule for determining the reference CORESET is still needed. In our view, the simplest and most straightforward way should be used, i.e. to select the CORESET with lowest index, as there is no clear benefit to choose a specific one than others, or there is no CORESET having higher priority than others, and the performance of each CORESET needs to be represented by the RLM measurement. 
[bookmark: _Ref517641995]For the reference CORESET for CSI-RS based RLM, in case a CSI-RS is QCL-ed with multiple CORESETs or a CSI-RS is not QCL-ed with any CORESET, the CORESET with lowest index should be used as the reference. 
Evaluation period for CSI-RS based RLM with D=1
In RAN4#87, the evaluation period for CSI-RS based RLM is defined for D=3 case, and whether and how requirements are defined for D=1 case is FFS. For D=1, some companies raise the concern that it cannot provide enough accuracy under propagation channel with long delay spread, even with large number of samples. 
We can understand the concern, however, not defining requirements for D=1 in essence means network cannot configure D=1 for RLM CSI-RS, even it is a valid option for configuration. D=1 leads to a smaller overhead compared to D=3 and network can decide which density to use depending on deployment scenarios. For example, in simple environment where the LOS propagation can be expected, network may choose to use D=1, so it is still good to have RLM requirement for it. To allow more samples for averaging, the number of samples for OOS and IS can be defined as 25 and 15.
[bookmark: _Ref517641997]Evaluation period for CSI-RS based RLM with D=1 is defined as 25 samples for OOS and 15 samples for IS. 
Scaling of L1 indication interval
In RAN4#87, whether L1 indication interval should be scaled in the same way as evaluation period is discussed, but without conclusion. One view is that it should be also scaled to avoid multiple L1 indications being based on same evaluation period; the other view is that it should not be scaled since UE is allowed to use any larger L1 indication interval (the spec only specifies UE should at least indicate with certain interval). 
In our view, multiple L1 indications being based on same evaluation period is not desirable, so such UE behavior should be avoided by the spec. If the L1 indication interval is not scaled, UE is still allowed to use the original RLM-RS period for indication, even the evaluation period is scaled by a factor of 4, which means the outcome from the same evaluation period will cause 4 consecutive L1 indication. 
[bookmark: _Ref517641998]L1 indication interval should be scaled in the same way as evaluation period.
Conclusion
In this paper, we provided our views on our views on remaining issues for RLM requirements.
Proposal 1: For FR2, the time sharing factor between RLM and intra-frequency measurement for the case of full overlapped RLM-RS and SMTC is fixed as 50%.
Proposal 2: N = 2 applies to RLM evaluation period in FR2, if RLM-RS is not QCL-ed with any BM-RS or RLM-RS is not TDM-ed with the BM-RS.
Proposal 3: RAN4 should discuss the impact of RLM on L1-RSRP measurement for BM, when RLM-RS is not TDM-ed with the BM-RS.
Proposal 4: For intra-band CA in FR2, the scheduling restrictions due to RLM shall not apply to serving cells other than PCell or PSCell.
Proposal 5: For the reference CORESET for CSI-RS based RLM, in case a CSI-RS is QCL-ed with multiple CORESETs or a CSI-RS is not QCL-ed with any CORESET, the CORESET with lowest index should be used as the reference.
Proposal 6: Evaluation period for CSI-RS based RLM with D=1 is defined as 25 samples for OOS and 15 samples for IS.
Proposal 7: L1 indication interval should be scaled in the same way as evaluation period.
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