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1. Introduction

In RAN4#90, the requirements for RLM were further discussed, and following agreements were captured in the chairman notes.
	Agreement: the bandwidth for out-of-sync and in-sync is
· 24PRB for SSB based RLM
· 48PRB for CSI-RS based RLM
Agreement: Perform CSI-RS based RLM only when the CSI-RS is in the active TCI state of the CORESET.


In our view, the remaining open issues for RLM include
· SCS of hypothetical PDCCH 

· N=1 condition for SSB and CSI-RS based RLM

· handling of RLM-RS FDM-ed with other RS for L1 measurement

· Applicable configuration of CSI-RS for RLM
In this paper we will provide our views on the remaining open issues in RLM requirements.
2. Discussion
2.1. SCS of hypothetical PDCCH
In RAN4#90, two options for SCS of hypothetical PDCCH were discussed:

· Fixed value, e.g. 30kHz for FR1 and 120kHz for FR2

· Based on configuration, e.g. the SCS of the CORESET, SCS of the RLM-RS, or the SCS of the BWP
During the discussions, some companies raised a concern in using the fixed values – since the SCS may have some impact on the PDCCH performance, if the hypothetical assumption is different than actually configured SCS, the SINR estimated from the RLM-RS may not reflect the actual quality of PDCCH that UE is monitoring.
For this reason, we think the hypothetical SCS should be based on the configuration. It should be noted that SCS is a BWP level configuration, i.e. except SSB, all channels and signals in the BWP have the same SCS as configured in the BWP configuration. Therefore, the hypothetical SCS can be simply based on the SCS of the BWP. 

BWP ::=                             SEQUENCE {

    locationAndBandwidth                INTEGER (0..37949),

    subcarrierSpacing                   SubcarrierSpacing,

    cyclicPrefix                        ENUMERATED { extended }   OPTIONAL    -- Need R                                    
}

Proposal 1: SCS of the hypothetical PDCCH for RLM is same as the SCS configured in the BWP configuration.
2.2. N=1 condition for SSB and CSI-RS based RLM
For SSB based RLM, the current condition for N=1 means the TCI configuration would be:

CSI-RS1 --> SSB 
UE is supposed to do Rx beam sweeping on CSI-RS1, and the Rx beam information is used for monitoring on SSB. However, with such a TCI configuration, SSB is typically understood as the source for measuring CSI-RS1, and reversing this understanding (such that CSI-RS1 is the source for measuring SSB) just because SSB is configured for RLM is quite confusing for UE and is conflicting with 38.214 which states the TCI is indicating QCL source RS. Therefore, we think the current condition for N=1 does not apply.

	qcl-InfoPeriodicCSI-RS contains a reference to a TCI-State indicating QCL source RS(s) and QCL type(s). If the TCI-State is configured with a reference to an RS with 'QCL-TypeD' association, that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic located in the same or different CC/DL BWP.


Proposal 2: For SSB based RLM, N=1 does not apply.
For CSI-RS based RLM, since CSI-RS is TypeD-QCL-ed with the active TCI state of the PDCCH, the need for Rx beam sweeping can be considered as follows.

· If the CSI-RS for RLM is not configured for CBD/L1-RSRP measurement, N=1 could always apply. In this case, the CSI-RS for RLM is not used for beam measurement, so UE could simply use the Rx beam for receiving PDCCH to monitor the CSI-RS.

· If the CSI-RS for RLM is also configured for CBD/L1-RSRP measurement, N should follow the requirements defined for CBD/L1-RSRP measurement. In this case, the CSI-RS for RLM is used for beam measurement, so whether Rx beam sweeping is needed depends on the need for beam measurement

Proposal 3: For CSI-RS based RLM, N=1 if CSI-RS for RLM is not configured for CBD/L1-RSRP measurement, otherwise N should follow the requirements defined for CBD/L1-RSRP measurement.
2.3. RLM-RS FDM-ed with other RS for L1 measurement
How to handle the case where RLM-RS is FDM-ed with other RS for L1 measurement was shortly discussed in RAN4#90. In current spec, the following restrictions are specified based on agreements in RAN4#89. 

	If different SCS is used for CSI-RS based RLM-RS and SSB, then CSI-RS based RLM-RS and SSB shall be TDMed. If same SCS is used for CSI-RS based RLM-RS and SSB, then CSI-RS based RLM-RS and SSB can be FDMed or TDMed.


In RAN4#89 some companies proposed that UE supporting simultaneousRxDataSSB-DiffNumerology shall be able to measure SSB and CSI-RS even they are with different SCS, but due to time limit there was no agreement

For mixed numerology, our understanding is that when SSB or CSI-RS for RLM is FDM-ed with other RS for L1 measurement (including RLM, BFD, CBD and L1-RSRP for beam reporting) and they are with same SCS, UE should be able to measure RLM-RS and the other L1 RS together. When they are with different SCS, UE supporting simultaneousRxDataSSB-DiffNumerology should also be able to measure simultaneously, while for UE not supporting the capability, the previous agreement should be followed such that the RLM-RS and the other L1 RS shall be TDM-ed. 
For Rx beam sweeping, our understanding is that 
· SSB for RLM cannot be FDM-ed with other L1 RS since UE always does Rx beam sweeping on SSB. Even UE also does sweeping on the FDM-ed L1 RS, it is unlikely that same Rx beam can be used for the two RS-es. For example, UE may have different sweeping patterns or codebooks for SSB and CSI-RS.
· CSI-RS for RLM can be FDM-ed with other L1 RS if the other L1 RS is QCL-TypeD with the CSI-RS for RLM, and Rx beam sweeping is not performed on any of the CSI-RS for RLM or the other L1 RS. In such cases, UE should be able to receive CSI-RS for RLM and the other L1 RS simultaneously; otherwise, CSI-RS for RLM and the other L1 RS shall be TDM-ed.

Proposal 4: For both FR1 and FR2, RLM-RS shall be TDM-ed with other RS for RLM/BFD/CBD/L1-RSRP, if the two RS-es are with different SCS-es and UE does not support simultaneousRxDataSSB-DiffNumerology.
Proposal 5: For FR2, 

· SSB for RLM shall be TDM-ed with other RS for RLM/BFD/CBD/L1-RSRP,
· CSI-RS for RLM shall be TDM-ed with other RS for RLM/BFD/CBD/L1-RSRP, if the two RS-es are not TypeD-QCL-ed, or if UE needs to perform Rx beam sweeping on any of the two RS-es.

2.4. Applicable configuration of CSI-RS for RLM
The following agreements were made in RAN1#91, but the restriction on the applicable periodicity of CSI-RS for RLM has not been captured anywhere. Therefore,  

	Agreements:

· RLM-SSB: value range is 0, 1, …, 63

· RLM-CSI-RS-timeConfig: 

· Periodicity, P: {5ms, 10ms, 20ms, 40ms}

· Slot offset: {0, …, Ps-1} slots

· Where Ps is number of slots within period P in the CSI-RS numerology

· RLM-CSI-RS-FreqBand

· Adopt the parameter values agreed in BM with following exception:

· Minimum number of PRB is 24.


Proposal 6: Capture in 38.133 that the applicable periodicity of CSI-RS for RLM is {5ms, 10ms, 20ms, 40ms} and minimum PRB number is 24.
3. Conclusions

In this paper we provided our views on the remaining issues of RLM requirements.
Proposal 1: SCS of the hypothetical PDCCH for RLM is same as the SCS configured in the BWP configuration.
Proposal 2: For SSB based RLM, N=1 does not apply.
Proposal 3: For CSI-RS based RLM, N=1 if CSI-RS for RLM is not configured for CBD/L1-RSRP measurement, otherwise N should follow the requirements defined for CBD/L1-RSRP measurement.
Proposal 4: For both FR1 and FR2, RLM-RS shall be TDM-ed with other RS for RLM/BFD/CBD/L1-RSRP, if the two RS-es are with different SCS-es and UE does not support simultaneousRxDataSSB-DiffNumerology.
Proposal 5: For FR2, 

· SSB for RLM shall be TDM-ed with other RS for RLM/BFD/CBD/L1-RSRP,
· CSI-RS for RLM shall be TDM-ed with other RS for RLM/BFD/CBD/L1-RSRP, if the two RS-es are not TypeD-QCL-ed, or if UE needs to perform Rx beam sweeping on any of the two RS-es.

Proposal 6: Capture in 38.133 that the applicable periodicity of CSI-RS for RLM is {5ms, 10ms, 20ms, 40ms} and minimum PRB number is 24.
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