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1. Introduction

In RAN4#89 some agreements were made regarding RLM requirements. The agreements are copied as follows.
	Issue 1: Whether to define requirements for Density=1?

Option 1: Yes 

Option 2: No 

Agreement: option 2
Agreement: the following statement is agreed

· 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.

Agreement: FFS on the condition 3 in SSB based RLM N=1 requirement

remove the following conditions 1 and 2  in SSB based RLM N=1 requirement:

Agreement: FFS on the condition 3 in CSI-RS based RLM N=1 requirement

remove the following conditions 1 and 2 in CSI-RS based RLM N=1 requirement:

Agreement: option 2 is agreed and the second pair of BLER for RLM would be discussed in R16.
To fix the same hypotentic PDCCH parameters for RLM (SSB and CSI-RS) and BFD


There are still some open issues in RLM requirements:

· Handling of FDM-ed SSB and CSI-RS for RLM
· QCL of CSI-RS for RLM and CORESET
· Hypothetical PDCCH parameters
· Condition for N=1 in RLM evaluation period requirements

· Applicable periodicity of CSI-RS for RLM

In this paper we will address these open issues in RLM requirement.
2. Discussion
2.1. Handling of FDM-ed SSB and CSI-RS for RLM
Based on agreements made in [1], RAN4 introduced the following restrictions on the FDM-ed SSB and CSI-RS for RLM. 
	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 in the context of BFD that UE supporting simultaneousRxDataSSB-DiffNumerology shall be able to measure SSB and CSI-RS for BFD even they are with different SCS, but due to time limit there was no agreement and an editor note was added in the BFD requirements. Similar discussions are also applicable for RLM requirements.

For FR1, when CSI-RS for RLM is FDM-ed with SSB and they are with same SCS, UE should be able to measure CSI-RS and SSB together. When they are with different SCS, UE supporting simultaneousRxDataSSB-DiffNumerology should also be able to measure CSI-RS and SSB together, while for UE not supporting the capability, the previous agreement should be followed such that CSI-RS and SSB shall be TDM-ed. The same analysis also applies for SSB for RLM FDM-ed with CSI-RS.
For FR2, however, no matter if the SSB and CSI-RS have same or different SCS, UE cannot measure them simultaneously. The reason is that UE always does Rx beam sweeping on SSB. Even UE also does sweeping on the FDM-ed CSI-RS, it is unlikely that same Rx beam is used for the two RS-es. For example, UE may have different sweeping patterns or codebooks for SSB and CSI-RS. Therefore, in FR2 the CSI-RS and SSB shall be TDM-ed. The same analysis also applies for SSB for RLM FDM-ed with CSI-RS.
Proposal 1: In FR1, if the SCS of the CSI-RS and SSB are different, and UE does not support simultaneousRxDataSSB-DiffNumerology, CSI-RS for RLM shall be TDM-ed with SSB, and SSB for RLM shall be TMD-ed with CSI-RS.

Proposal 2: In FR2, CSI-RS for RLM shall be TDM-ed with SSB, and SSB for RLM shall be TDM-ed with CSI-RS.
2.2. QCL of CSI-RS for RLM and CORESET

In RAN4#88bis, it was agreed for RLM that UE is not required to perform RLM on CSI-RS, if the CSI-RS is not QCL-ed with any CORESET. 
	UE is not expected to perform radio link monitoring measurements on the CSI-RS configured as RLM-RS if the CSI-RS is not QCL-ed with any CORESET configured in the UE active BWP.

Editor’s Note: FFS if the configured TCI state or the active TCI state of the CORESET should be considered.


When determining the QCL relation between a CSI-RS resource and a CORESET, UE needs to check the TCI state of the CORESET. We raised up the question in RAN4#89 whether the configured or the active TCI state of the CORESET should be considered in the determination, but there was no conclusion due to time limit.

In our view, the active TCI state should be considered. The reason is that according to 38.213, when network does not explicitly provide the RLM-RS, UE monitors only the RS provided for the active TCI state of PDCCH. We think the same principle should be also re-used for the case of explicit RLM-RS configuration.
	If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS 

-
the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active TCI state for PDCCH reception includes only one RS

-
if the active TCI state for PDCCH reception includes two RS, the UE expects that one RS has QCL-TypeD [6, TS 38.214] and the UE uses the RS with QCL-TypeD for radio link monitoring; the UE does not expect both RS to have QCL-TypeD


Proposal 3: When determining the QCL relation between a CSI-RS resource for RLM and a CORESET, only the active TCI state of the CORESET is considered.
2.3. Hypothetical PDCCH parameters
It was agreed in RAN4#89 to use fixed hypothetical PDCCH parameters for RLM and BFD. Among all parameters, the BW and SCS of the PDCCH remain TBD. In our view, the selection of the PDCCH BW and SCS should target that the measurement on the RLM-RS can best represent the performance of the hypothetical PDCCH. 
For SSB based RLM, the SCS of SSB and CORESET cannot be always same since the 240kHz SCS for SSB does not exist for PDCCH. We suggest to use one fixed SCS per FR for PDCCH, i.e. 30kHz for FR1 and 120kHz for FR2. For the BW, SSB is always 20PRB, and the CORESET BW should be close to it, and our suggestion is to use fixed value of 24PRB.
For CSI-RS based RLM, the SCS of the PDCCH should be same as the CSI-RS, and the BW should be as close as possible to the CSI-RS. 

Proposal 4: For hypothetical PDCCH for SSB based RLM, the SCS is 30kHz for FR1 and 120kHz for FR2; the BW is 24PRB.

Proposal 5: For hypothetical PDCCH for CSI-RS based RLM, the SCS is same as SCS of CSI-RS; the BW is as close as possible to the CSI-RS.
2.4. Condition for N=1 in RLM evaluation period requirements

In RAN4#89, for both SSB and CSI-RS based RLM, it was agreed to remove the 1st and 2nd condition for N=1, and the 3rd condition is FFS. At the same time, the condition for N=1 was extensively discussed for BFD evaluation period, and the agreements are captured in [2].
For SSB based RLM, the third condition for N=1 means the TCI configuration would be:

CSI-RS1 --> SSB 
With such a configuration, the 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 3rd condition for N=1 does not apply either.

	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 6: For SSB based RLM, N=1 does not apply.
For CSI-RS based RLM, the condition for N=1 should be same as that for BFD, which we are addressing in our companion paper [3].
Proposal 7: CSI-RS based RLM, the condition for N=1 should be same as that for BFD.

2.5. Applicable periodicity 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 8: Capture in 38.133 that the applicable periodicity of CSI-RS for RLM is {5ms, 10ms, 20ms, 40ms}.
3. Conclusions

In this paper we provided our views on the remaining issues for RLM requirements.
Proposal 1: In FR1, if the SCS of the CSI-RS and SSB are different, and UE does not support simultaneousRxDataSSB-DiffNumerology, CSI-RS for RLM shall be TDM-ed with SSB, and SSB for RLM shall be TMD-ed with CSI-RS.

Proposal 2: In FR2, CSI-RS for RLM shall be TDM-ed with SSB, and SSB for RLM shall be TDM-ed with CSI-RS.
Proposal 3: When determining the QCL relation between a CSI-RS resource for RLM and a CORESET, only the active TCI state of the CORESET is considered.
Proposal 4: For hypothetical PDCCH for SSB based RLM, the SCS is 30kHz for FR1 and 120kHz for FR2; the BW is 24PRB.

Proposal 5: For hypothetical PDCCH for CSI-RS based RLM, the SCS is same as SCS of CSI-RS; the BW is as close as possible to the CSI-RS.
Proposal 6: For SSB based RLM, N=1 does not apply.
Proposal 7: CSI-RS based RLM, the condition for N=1 should be same as that for BFD.

Proposal 8: Capture in 38.133 that the applicable periodicity of CSI-RS for RLM is {5ms, 10ms, 20ms, 40ms}.
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