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Introduction
Most of the NR RLM requirements have been completed by RAN4, but there is still a list of open issues:
1. FFS if SSB for RLM and CSI-RS for RLM can be FDMed if they are with different subcarrier spacing.
2. N=FFS for Rx beam sweeping
3. FFS which CORESET is used as reference for CSI-RS RLM.
a. Which CORESET is used as reference when CSI-RS is QCL-ed with multiple CORESETs.
b. If UE shall perform RLM and if so which CORESET is used as reference, when CSI-RS is not QCL-ed with any CORESET.
4. FFS definition of overlap between CSI-RS for RLM-RS and SMTC.
5. FFS if requirement will be defined for the case where CSI-RS resource configured for RLM is transmitted with Density =1.
In this contribution we discuss these remaining open issues related to NR RLM requirements.
Discussion
SSB for RLM and CSI-RS for RLM with different SCS
The following FFS point is captured in the RLM requirements:
[bookmark: _Hlk521341350]FFS if SSB for RLM and CSI-RS for RLM can be FDMed if they are with different subcarrier spacing.
[bookmark: _Hlk521341386]In the last meeting, CSI-RS measurement restrictions with different subcarrier spacing than for SSB were agreed for CSI-RS measurements in R4-1809569. The requirement is copy pasted below:
[bookmark: _Hlk521341543]9.5.1.2	CSI-RS measurement restrictions of UE performing CSI-RS measurements with a different subcarrier spacing than SSB on FR1
When the SSB is within the active BWP and has different SCS than CSI-RS, the UE shall be able to performs CSI-RS measurement with restrictions according to its capabilities:

· If CSI-RS and SSB are FDM’ed. the UE measurement capability depends on the whether the UE supports simultaneousRxDataSSB-DiffNumerology.
· If the UE supports simultaneousRxDataSSB-DiffNumerology the UE shall be able to performs CSI-RS measurement without restrictions assuming useServingCellTimingForSync is enabled.
· If the UE does not support simultaneousRxDataSSB-DiffNumerology the UE is not expected to perform simultaneous FDM’ed SSB and CSI-RS measurements, 
· If CSI-RS and SSB are TDM’ed, the UE shall be able to performs CSI-RS measurement with restrictions: the UE is not expected to measure CSI-RS on symbols on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within the SMTC window duration.

In our view, similar restriction can be used for RLM, and thus our response to the FFS issue is that SSB and CSI-RS for RLM can be FDMed with different SCS under the conditions agreed for CSI-RS measurements in section 9.5.1.2. However, it still needs to be clarified, what the UE shall do if CSI-RS and SSB are FDMed, but the UE does not support simultaneousRxDataSSB-DiffNumerology, as the current requirement under CSI-RS measurement requirements says only that the UE is not expected to perform simultaneous measurements. We propose to use the principle in section 9.5.1.2 and to add a similar clarifying section under RLM requirements in section 8.1. RAN4 should also continue the discussion on how the UE shall handle the situation without simultaneousRxDataSSB-DiffNumerology.
Define similar restrictions as for CSI-RS measurements in section 9.5.1.2 for SSB for RLM and CSI-RS for RLM with different SCS.
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 was agreed. If this condition is met, the evaluation period will not scale with number of UE Rx beam directions, i.e. N=1. Otherwise, the evaluation period will be scaled with factor N, which is still open in the RLM requirements.
In Montreal AH the following options were listed in the RLM topic summary:
Open issue#1.2: N factor when condition discussed in issue#1.1 is not met
· Option 1 (LGE): maxNumerRxBeam (existing UE indication to network in RRC)
· Option 2 (Nokia/NSB): 2
· Option 3 (Samsung): same as N1=N3 for RRM
· Option 4 (intel): N=8
During the discussions, Option 1 received support from multiple companies. Our previous proposal was to use N=2, but we can compromise to use Option 1, where N is defined by maxNumberRxBeam parameter. 
N is defined by maxNumberRxBeam for the case with Rx beam sweeping.
CORESET as reference for CSI-RS RLM
In the Montreal AH, the following FFS points were left in the RLM requirements related to reference CORESET:
· FFS which CORESET is used as reference when CSI-RS is QCL-ed with multiple CORESETs.
· FFS if UE shall perform RLM and if so which CORESET is used as reference, when CSI-RS is not QCL-ed with any CORESET.
In our view, the simplest and most straightforward way should be used for both cases, i.e. to select the CORESET with the lowest index, as we proposed already in the Montreal AH. We do not see a clear benefit to choose a specific other one, as there is no CORESET having higher priority than others, and the performance of each CORESET needs to be represented by the RLM measurement. Thus, choosing the CORESET with the lowest index is straightforward. 
For the case with CSI-RS QCL’ed with multiple CORESETs this means the CORESET with the lowest index among the QCL’ed CORESETs. For the case with CSI-RS not QCL’ed without CORESET, this means the CORESET with the lowest index among all CORESETs.
[bookmark: _Ref517641995]For the reference CORESET for CSI-RS based RLM, in case a CSI-RS is QCL’ed with multiple CORESETs, the CORESET with lowest index among the QCL’ed CORESETs shall be used as the reference. 
For the reference CORESET for CSI-RS based RLM, in case a CSI-RS is not QCL’ed with any CORESET, the CORESET with lowest index among all CORESETs shall be used as the reference. 
Overlap between CSI-RS for RLM-RS and SMTC
In the Montreal AH, the definition of overlap between CSI-RS based RLM-RS and SMTC occasion was discussed in [1]. Two options for defining the overlap were given:
Option 1: Reuse the scheduling availability of UE during intra-frequency measurements (defined in section 9.2.5.3 of TS 38.133) 
Option 2: CSI-RS based RLM-RS is within the window duration of SMTC 
Out of these options, Option 1 is preferable to us. Our concern with option 2 is that it causes unnecessary overlapping scenarios. If CSI-RS and SMTC are overlapping, only either RLM or RRM measurement can be performed, as they cannot be measured from same SMTC simultaneously. This leads to longer delay for both RLM and RRM measurement. For this reason, we see a need to limit overlapping scenarios, so Option 1 is preferable. This can be defined as the following note under section 8.1.3.2:
Note: CSI-RS for RLM is considered to be overlapped with SMTC occasion, if the CSI-RS is configured to be in the same OFDM symbols as SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration
Reuse the scheduling availability of UE during intra-frequency measurements as overlapping definition.
[bookmark: _Hlk521340867]Requirement for CSI-RS resource with Density=1 for RLM
In RAN4#87, the evaluation period for CSI-RS based RLM is defined for Density=3 case, and whether and how requirements are defined for D=1 case is FFS. For D=1, some companies have raised the concern that it cannot provide enough accuracy under propagation channel with long delay spread, even with large number of samples, and thus the following FFS point is still left in the specification:
FFS if requirement will be defined for the case where CSI-RS resource configured for RLM is transmitted with Density =1.
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. 

Conclusion
In this contribution we have discussed remaining RLM requirements for NR. We have made the following proposals:
1. Define similar restrictions as for CSI-RS measurements in section 9.5.1.2 for SSB for RLM and CSI-RS for RLM with different SCS.
N is defined by maxNumberRxBeam for the case with Rx beam sweeping.
For the reference CORESET for CSI-RS based RLM, in case a CSI-RS is QCL’ed with multiple CORESETs, the CORESET with lowest index among the QCL’ed CORESETs shall be used as the reference. 
For the reference CORESET for CSI-RS based RLM, in case a CSI-RS is not QCL’ed with any CORESET, the CORESET with lowest index among all CORESETs shall be used as the reference. 
Reuse the scheduling availability of UE during intra-frequency measurements as overlapping definition.
Evaluation period for CSI-RS based RLM with D=1 is defined as 25 samples for OOS and 15 samples for IS. 
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