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Introduction
[bookmark: _Hlk513205245]RAN4 has been discussing the RLM requirements. In RAN4#86bis the following aspects are discussed and some agreements are made in [1] and [2].
· PDCCH parameters
· Need for Rx beam sweeping for FR2 RLM
· Collison among RLM-RS, MG and intra-frequency measurement SMTC
· DRX requirements for evaluation period 
In our view, the remaining open issues for SSB based RLM include 
· Conformation of DCI format, power boosting and AL for PDCCH 
· Clarification of Rx beam for FR2 RLM
· Completion of RLM requirements for all cases of collision among RLM-RS, MG and SMTC
· DRX requirements for L1 indication interval
· Number of RLM-RS UE should be able to monitor
· PDCCH parameter based on SCS of RLM-RS
[bookmark: _Hlk513205847]In this paper, we will provide our views on the remaining open issues for SSB based RLM. It should be noted that all these issues are common for SSB based and CSI-RS based RLM, so the conclusions in this paper also apply for CSI-RS based RLM.
Discussion
[bookmark: _Hlk513733380]Confirmation of PDCCH parameters
In RAN4#86bis, based on companies’ simulation results on PDCCH performances, it is agreed in bracket to use following settings for OOS and IS evaluation.
Table 1: PDCCH parameters from RAN4#86bis
	
	OOS
	IS

	DCI format
	1-0
	1-0

	Aggregation level
	8
	4

	Power boosting
	3 or 4
	0


The main criteria in deciding the PDCCH parameters for RLM are 
· Ensure reasonable cell coverage with Qout which is comparable with LTE 
· Ensure there is sufficient gap between Qout and Qin
Keeping the two criteria in mind and checking the simulation results in [3], we think the current parameter settings can be confirmed with the power boosting for OOS set at 3dB.
[bookmark: _Ref513824117]Confirm the PDCCH parameters in latest 38.133 with power boosting for OOS set at 3dB.
FR2 requirements and assumption on Rx beam
For FR2 requirements, below is agreed in RAN4#86bis.
	RLM measurement based on non Rx beam sweeping on certain conditions which are FFS. If there is no guarantee that UE can aware which Rx beam is the suitable for RLM, additional delay is expected in RLM evaluation period.


What is the exact condition for UE to know the Rx beam that should be used for RLM is FFS from RAN4#86bis. We agree with the proposal in [4] that UE can only know this if the RLM-RS has been measured for other purposes or is QCL-ed with some other RS that has been measured by UE for other purposes (like BM, CSI, or BFR). This can be captured in spec as the condition for not having sweeping for RLM. 
With the current signaling framework in 38.331, RLM-RS can be independently configured (and can be either SSB or CSI-RS), and it does not have to be an RS that has been configured for other purposes or QCL-ed with such an RS. Therefore, a note can be added in the spec that in this case longer RLM evaluation period can be expected.
There was also a discussion in RAN4#86bis on whether RLM in FR2 will cause scheduling restriction. In our understanding, there is ongoing discussion in RAN1 on the prioritization of different channels/signals, and it will impact whether RLM and PDCCH/PDSCH reception can be performed simultaneously. RAN4 could wait for RAN1 conclusion and captures it if necessary. 
[bookmark: _Ref513824119]RLM requirements in FR2 are based on non-sweeping if the RLM-RS has been measured for other purposes or is QCL-ed with some other RS that has been measured by UE for other purposes.
[bookmark: _Ref513824120]RAN4 should wait for RAN1 conclusion on whether RLM in FR2 would cause data interruption.
Collision among RLM-RS, MG and SMTC
For collision among RLM-RS, MG and SMTC, below is agreed in RAN4#86bis.
	In FR2:
· UE is only expected to perform SSB-based RLM outside measurement gaps. 
· UE is only expected to perform SSB-based RLM outside SMTC windows if RLM-RS is partially overlapped with SMTC.
· If the SMTC is fully overlapped with RLM-RS, RAN4 is to study sharing mechanism for RLM and intra-frequency measurement


For FR1, since RLM and intra-frequency measurement can be performed simultaneously, there is no need to consider collision between RLM-RS an SMTC, and the requirements are already clear. What remains open is the FR2 requirements, since time sharing factor needs to be introduced for the case of full overlapped RLM-RS and SMTC. 
The time sharing factor is similar as MG sharing factor, which will determine the prioritization between RLM and intra-frequency measurement. It may be flexible if the time sharing factor can be network configurable, but since it’s already the last meeting for Rel-15 NR WI, introducing new signaling 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.
[bookmark: _Ref513824121]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%.
For the collision among RLM-RS, MG and SMTC, another specification issue is how to capture the agreed principles in the spec. For FR1 the scaling factor due to collision can be easily defined, but for FR2 there are many cases due to combinations of RLM-RS, MG and SMTC period and offset. In current version of 38.133 there are already 7 categories, and it’s hard to confirm if all combinations can be covered by these 7 categories. Also the scaling factor for some of the cases may be difficult to be derived with a simple closed-form expression. We therefore try to describe the derivation in a different way in [5], but we are open to discuss the best way to capture. 
DRX requirements for L1 indication
DRX requirements for evaluation period has been concluded in RAN4#86bis with a scaling factor of 1.5 introduced for DRX cycles <= 320ms. The remaining issue is whether L1 indication period should be also scaled or not. Here 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, and this may cause unexpected OOS or IS indication.
Besides DRX, there are other scaling factors introduced for evaluation period requirements, e.g. the scaling due to collision among RLM-RS, MG and SMTC, as discussed in the previous section. Our view is that the same scaling as applied to evaluation period should be also applied to L1 indication interval.  
[bookmark: _Ref510798171]Same scaling factors introduced for evaluation period should apply to L1 indication interval. 
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.
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. 
Conclusion
In this paper, we provided our views on the remaining open issues for SSB based RLM. It should be noted that all these issues are common for SSB based and CSI-RS based RLM, so the conclusions in this paper also apply for CSI-RS based RLM.
Proposal 1: Confirm the PDCCH parameters in latest 38.133 with power boosting for OOS set at 3dB.
Proposal 2: RLM requirements in FR2 are based on non-sweeping if the RLM-RS has been measured for other purposes or is QCL-ed with some other RS that has been measured by UE for other purposes.
Proposal 3: RAN4 should wait for RAN1 conclusion on whether RLM in FR2 would cause data interruption.
Proposal 4: 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 5: Same scaling factors introduced for evaluation period should apply to L1 indication interval.
Proposal 6: Confirm the maximum number of RLM-RS resources as currently captured in Table 8.1.1-2.
[bookmark: _GoBack]Proposal 7: The same table for PDCCH parameters applies regardless of the RLM-RS SCS.
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