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1 Introduction
In RAN4-AH-1801, RAN4 has further discussed the open issues in RLM requirements, and a draft CR [1] was agreed. The changes include 

· adapting the requirements for SA and part of requirements for CSI-RS, 

· adding number of RLM-RS resources UE should be able monitor, 

· updating some of the PDCCH parameters, 

· adding requirements for UE turning off transmitter after RLF, 

· re-structuring the requirements by moving L1 indication to a separate section, and 

· some cleanup of the texts
There are still some open issues in RLM requirements, including 

· the second BLER pair
· confirming number of RLM-RS resources UE should be able monitor
· whether there is signaling indicating actually transmitted RLM-RS

· need to define PDCCH parameter based on SCS of RLM-RS

· remaining PDCCH parameters

· handling of partial and full overlapping between RLM-RS and MGs

· FR2 requirements

· whether and how relaxation of DRX is accounted

· requirements for CSI-RS 

In this paper we will present our views on above open issues for RLM requirements. 
2 Discussion
Second BLER pair
According to RAN1 LS [2], the second BLER pair is intended for VoIP. In our understanding, the motivation comes from the experience in LTE, that the VoIP service can continue at some cell edge condition from PDSCH point of view, but UE would have declared RLF due to RLM, so the PDCCH parameter and the BLER thresholds may need to be changed such that UE can stay in a deeper coverage than the eMBB limited level. 

So far there has been very limited inputs in RAN4 on how to determine the second BLER pair and its PDCCH parameters. In our view, RAN4 may first need to align the understanding about the targeted coverage level for the VoIP service, and then study how to adapt the BLER threshold and PDCCH parameter to enable UE to stay in-sync at such conditions. 

Proposal 1: RAN4 needs to agree on the principle how to determine the second BLER pair and its PDCCH parameters. As a first step, RAN4 can discuss the targeted coverage level for VoIP service.
Number of RLM-RS resources
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.
Proposal 2: Confirm the maximum number of RLM-RS resources as currently captured in Table 8.1.1-2.

Signaling for actually transmitted RLM-RS
In RAN1-AH-1801, some companies proposed that UE could derive if a certain RLM-RS resource is actually transmitted by the network or not via some network signaling, e.g. the one used to indicate SSB presence for rate matching, and only monitor those resources that are indicated as present. 
In our understanding, however, there is no motivation for network to configure UE with an RLM-RS resource but does not actually transmit it – in such a case where network wants to stop transmitting a RLM-RS resource, it can just change the resource set by removing that resource. For this reason, RAN1 has not defined any signaling to indicate the presence of a RLM-RS resource, nor agreed to re-use other signaling for this purpose.

Proposal 3: No need to refer to any signaling for actually transmitted RLM-RS. 

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.

Proposal 4: The same table for PDCCH parameters applies regardless of the SSB SCS.

Remaining PDCCH parameter
Following LTE principle, NR DCI format 1-0 should be used for Qout evaluation. In our companion simulation paper, we have shown our initial simulation results for PDCCH performance with different payload sizes including that for 1-0. After calibration, RAN4 can discuss if the derived SNR levels are too high as Qout, and if so, some parameters like CCE or power boosting can be adjusted.
Following LTE principle, a DCI format more compact than 1-0 should be used for Qin evaluation. In our companion paper, we have shown that with the same payload size, the gap between (10% BLER, CCE 8) and (2% BLER, CCE 4) is around 5dB which does not leave too much margin for UE measurement inaccuracies. If a more compact format is used for Qin, the gap will become smaller. Of course, other parameters like CCE or power boosting can be adjusted to ensure the gap is enough, but we do not see a strong motivation to assume a compact DCI format than 1-0 being used at normal SINR condition. Also, whether to define such a compact format is still ongoing discussion in RAN1. Therefore, our view is that the same DCI format 1-0 is also used for Qin evaluation. 
Proposal 5: DCI format 1-0 is used for both Qout and Qin calculation. Power boosting can be considered to ensure Qout and Qin are at reasonable levels and there is enough gap in between.

RLM-RS and MGs
In RAN4-AH-1801, there were some discussions on how to handle the case where RLM-RS and MGs are partially or fully overlapping, but there was no conclusion.

In our view, RAN4 may not need to define UE requirements for full overlapping case. If network makes such configuration, it means RLM will be done in MGs, and will share the MGs with intra- and/or inter-frequency RRM measurement. The measurement performance will be degraded for both RLM and RRM. Also, as discussed by some companies, additional MG sharing scheme needs to be defined if MGs are to be shared by three measurements, which will take a lot of discussions and standardization efforts in RAN4. Instead, similar as in many places in 36.133, one note could be added that if RLM-RS and MGs are configured to be full overlapping, the measurement delay for both will be longer. 

Partial overlapping can still be considered, as it will be too much restriction to network to always configure full non-overlapping RLM-RS with MGs, e.g. this may not be easy when UE is in a BWP containing cell defining SSB. In partial overlapping case, our view is that UE is assumed to perform RLM only in RLM-RS not overlapping with MGs, and this should be reflected in the RLM requirements. For example, if the ratio between RLM-RS and MGs is R, then evaluation period for this resource is scaled by R/(R-1). This should be applicable to both FR1 and FR2.
Proposal 6: No need to define requirements for the case where a RLM-RS resource is fully overlapping with MGs. When a RLM-RS resource is partially overlapping with MGs, UE is assumed to use is assumed to perform RLM only in RLM-RS not overlapping with MGs. 
FR2 requirements
The RLM evaluation period for FR2 has not been agreed because it is not clear if and how Rx beam sweeping should be considered in RLM. For RRM measurement, it has been the common understanding that a scaling factor would apply due to Rx beam sweeping since UE can only steer its Rx beam to one direction at one time, and there can be neighbor cells in different directions that UE needs to search and measure. 
The scaling due to Rx beam sweeping would also apply to RLM if RLM-RS is same as intra-frequency measurement RS. For example, if UE active BWP contains cell defining SSB and cell defining SSB is also used for RLM, UE may have to share the SSB burst for neighbor cell measurement and serving measurement/RLM. On the other hand, if the configured RLM-RS resource is not used for intra-frequency measurement, UE can always steer to the serving direction to perform RLM, so there is no need to scale the evaluation period. In our view, the evaluation period should be defined at least for the latter case, while whether RAN4 needs to define requirements or just add a note (that evaluation period will be longer when RLM-RS resource is also used for intra-frequency measurement) should be further discussed.
Proposal 7: For FR2, evaluation period should at least be defined for the case when RLM-RS resource is not used for intra-frequency measurement. In this case, no scaling due to Rx beam sweeping is applied.

DRX relaxation
In RAN4#85, how to account for the requirements when DRX on-duration is not aligned with SSBs for RLM were discussed. Some companies proposed to add a scaling factor of 1.5 to allow UE to compensate the power consumption due to wake-up during DRX off time for RLM.

In RAN4-AH-1801, some companies proposed to define similar DRX relaxation for RRM measurement, and whether to apply the relaxation depends on whether SMTC and DRX On-Duration are time aligned or not. In our view, RAN4 should apply the same principle for RRM and RLM, so we can wait for the conclusion on RRM regarding how to account for the misalignment in DRX.

Proposal 8: RAN4 should apply the same principle for RRM and RLM regarding DRX relaxation.

Requirements for CSI-RS
The subsection for CSI-RS is currently empty. According to the structure, this subsection would contain per resource requirements if the resource type is CSI-RS. Most of the requirements from SSB subsection can be re-used, but at least below two aspects may need to be considered.

· PDCCH parameter

For SSB based RLM, the hypothetical PDCCH parameters are mainly based on RMSI CORESET. This is reasonable since SSB is most likely to be transmitted using cell level beams, and can better represent a common control channel performance. CSI-RS is, on the other hand, UE specific, so the parameters like SCS and BW of PDCCH may need to follow some UE specific CORESET configuration.

According to RAN1, for each BWP at most 3 CORESETs can be configured, and we think one of the configured CORESETs can be used as the reference for hypothetical PDCCH for RLM. For example, the first (the one with index 0) may be used.
· Evaluation period
For SSB based RLM, RAN4 conducted simulation to check how many samples are needed by UE to accurately measure SNR. For CSI-RS based RLM, we have provided our simulation results for the SNR measurement accuracy with different SNR points, measurement BW and RS density. RAN4 can conclude on this based on results from all companies.

Proposal 9: For CSI-RS based RLM, RAN4 should further discuss the PDCCH parameters and the requirements on evaluation period.

3 Conclusions 

In this paper, we provided our views on remaining open issues for RLM requirements. 
Proposal 1: RAN4 needs to agree on the principle how to determine the second BLER pair and its PDCCH parameters. As a first step, RAN4 can discuss the targeted coverage level for VoIP service.
Proposal 2: Confirm the maximum number of RLM-RS resources as currently captured in Table 8.1.1-2.
Proposal 3: No need to refer to any signaling for actually transmitted RLM-RS.
Proposal 4: The same table for PDCCH parameters applies regardless of the SSB SCS.
Proposal 5: DCI format 1-0 is used for both Qout and Qin calculation. Power boosting can be considered to ensure Qout and Qin are at reasonable levels and there is enough gap in between.
Proposal 6: No need to define requirements for the case where a RLM-RS resource is fully overlapping with MGs. When a RLM-RS resource is partially overlapping with MGs, UE is assumed to use is assumed to perform RLM only in RLM-RS not overlapping with MGs.

Proposal 7: For FR2, evaluation period should at least be defined for the case when RLM-RS resource is not used for intra-frequency measurement. In this case, no scaling due to Rx beam sweeping is applied.
Proposal 8: RAN4 should apply the same principle for RRM and RLM regarding DRX relaxation.
Proposal 9: For CSI-RS based RLM, RAN4 should further discuss the PDCCH parameters and the requirements on evaluation period.
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