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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]There are some issues are not concluded in the AH-1807 meeting. In this contribution, we provide views on the following remaining issues:
· Whether SSB for RLM and CSI-RS for RLM can be FDMed when they are with different subcarrier spacing
· SSB based evaluation period when no measurement gap configured
· CSI-RS based RLM specific
· CORESET definition
· Definition on overlap between CSI-RS based RLM-RS and SMTC occasion
· Frequency density of CSI-RS based RLM-RS 
2	Relationship between SSB for RLM and CSI-RS for RLM
If SSB for RLM and CSI-RS for RLM are FDMed, the UE which does not support simultaneousRxDataSSB-DiffNumerology cannot perform SSB-based RLM and CSI-RS RLM at the same time. For UE which does not support simultaneousRxDataSSB-DiffNumerology, RAN 4 shall define occasion sharing among SSB(s) for RLM and CSI-RS(s) for RLM and corresponding RLM evaluation period scaling factor becomes extremely complicated.
[bookmark: _Ref520466981]Observation 1: If SSB for RLM and CSI-RS for RLM are FDMed, RAN 4 shall define occasion sharing among SSB(s) for RLM and CSI-RS(s) for RLM. RLM evaluation period scaling factor becomes extremely complicated and the specification loading on RLM evaluation shall be considered.
Although CSI-RS configuration is UE-specific, gNB can configure multiple UEs with same CSI-RS configuration to reduce system overhead. If the condition that CSI-RS based RLM-RS and SSB based RLM-RS are TDMed is introduced for UE does not support simultaneousRxDataSSB-DiffNumerology only, the evaluation period becomes simultaneousRxDataSSB-DiffNumerology dependent. As shown in Figure 1, RLM behavior also becomes simultaneousRxDataSSB-DiffNumerology dependent.
[bookmark: _Ref517206740]Observation 2: RLM behavior also becomes simultaneousRxDataSSB-DiffNumerology dependent if network only grantees that, only for UE which does not support simultaneousRxDataSSB-DiffNumerology, CSI-RS based RLM-RS and SSB based RLM-RS are TDMed.
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[bookmark: _Ref517205112]Figure 1: RLM behavior depends on simultaneousRxDataSSB-DiffNumerology

One unified CSI-RS based RLM behavior may be beneficial for UE management if the evaluation period is independent on simultaneousRxDataSSB-DiffNumerology. 
[bookmark: _Ref517112306]Proposal 1: Regardless of simultaneousRxDataSSB-DiffNumerology capability, to have unified CSI-RS based RLM behavior and to reduce RAN4 specification loading, CSI-RS based RLM-RS and SSB based RLM-RS are TDMed.
3	SSB based RLM evaluation period
It is possible that the UE doesn’t need to perform intra-frequency measurement without gap and/or gap based measurement in the following scenarios. However, in FR2, the corresponding scaling factor for SSB-based RLM evaluation period is not well-defined.
· Scenario 1: no measurement object is configured 
· Scenario 2: one measurement object with A1/A2 event is configured and/or other measurement objects are not inter-frequency measurement without gap
[bookmark: _Ref520467067]Proposal 2: For FR2, the scaling factor for SSB-based RLM evaluation period shall consider the following scenarios:
· P=1, when RLM-RS is not overlapped with measurement gap and also not overlapped with SMTC occasion. 
· P=1/(1 – TSSB/MGRP), when RLM-RS is partially overlapped with measurement gap and RLM-RS is not overlapped with SMTC occasion (TSSB < MGRP)
4	CSI-RS based RLM-RS
4.1	CORESET for INS/OOS PDCCH parameters 
The PDCCH parameters including number of control OFDM symbols, bandwidth and subcarrier spacing and CP depend on the CORESET QCLed with CSI-RS based RLM-RS. As shown in Figure 2, the gNB can configure more than one CORESET for one UE. Meanwhile, via linking by QCL association info, one CSI-RS based RLM-RS may be QCLed with one SSB so that it can be QCLed to multiple CORESETs. To avoid ambiguity, the rule on how to determine CORESET shall be clarified and we prefer 
· [bookmark: _Ref517112285]If the CSI-RS based RLM-RS is QCLed with multiple CORESETs, the CORESET to determine PDCCH is:
· the CORESET with the lowest index and directly QCLed with the CSI-RS resource, if at least one CORESET is directly QCLed to the CSI-RS resource. Else, 
· the CORESET with the lowest index and indirectly QCLed with the CSI-RS resource
· If the CSI-RS based RLM is not QCLed with any CORESET, UE is not expected to perform RLM based on this CSI-RS based RLM-RS.
[bookmark: _Ref517440470]Proposal 3: If one CSI-RS based RLM-RS is QCLed with multiple CORESETs or not QCLed with any CORESET, the PDCCH parameters shall be determined based on the rules:
· If the CSI-RS based RLM-RS is QCLed with multiple CORESETs, the CORESET to determine PDCCH is:
· the CORESET with the lowest index and directly QCLed with the CSI-RS resource, if at least one CORESET is directly QCLed to the CSI-RS resource. Else, 
· the CORESET with the lowest index and indirectly QCLed with the CSI-RS resource
· If the CSI-RS based RLM is not QCLed with any CORESET, UE is not expected to perform RLM based on this CSI-RS based RLM-RS.
[image: ]
[bookmark: _Ref517100191]Figure 2: Example of one CSI-RS based RLM is QCLed to multiple CORESETs
4.2	       Definition on overlap between CSI-RS based RLM-RS and SMTC occasion 
In RAN4-87, the definition on overlap between CSI-RS based RLM-RS and SMTC occasion is not well-discussed so that case discrimination of CSI-RS based RLM evaluation period remains ambiguous. There are two possible options for collision between CSI-RS based RLM-RS and SMTC occasion:
· 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 
In Option 1. CSI-RS based RLM-RS can be fully unitized and the evaluation period becomes shorter. However, it also make CSI-RS based RLM behavior be dependent of UE simultaneousRxDataSSB-DiffNumerology capability, network synchronization level (useServingCellTimingForSync is enabled or not), whether performing SS-RSRQ, and operating frequency range. The unified CSI-RS based RLM behavior may be beneficial for UE management so that option 2 is preferred.
[bookmark: _Ref517112322][bookmark: _Ref520467080]Proposal 4: The overlap between CSI-RS based RLM-RS and SMTC means that CSI-RS based RLM-RS is within the window duration of SMTC. 
4.3	       Frequency density of CSI-RS based RLM-RS 
[bookmark: _Ref510514964]In [2], CSI-RS for RLM with D = 1, even increasing frequency domain bandwidth, cannot provide robust radio link quality assessment against long delay spread channels. Considering UE mobility, the propagation channel with short delay spread cannot always be guaranteed. 
[bookmark: _Ref520467085]Proposal 5: Define requirements for CSI-RS for RLM with D = 3 only.

4	Summary
Based on the discussion in section 2, 3, and 4, we have the following observations and proposals:
Observation 1: If SSB for RLM and CSI-RS for RLM are FDMed, RAN 4 shall define occasion sharing among SSB(s) for RLM and CSI-RS(s) for RLM. RLM evaluation period scaling factor becomes extremely complicated and the specification loading on RLM evaluation shall be considered.
Observation 2: RLM behavior also becomes simultaneousRxDataSSB-DiffNumerology dependent if network only grantees that, only for UE which does not support simultaneousRxDataSSB-DiffNumerology, CSI-RS based RLM-RS and SSB based RLM-RS are TDMed.
Proposal 1: Regardless of simultaneousRxDataSSB-DiffNumerology capability, to have unified CSI-RS based RLM behavior and to reduce RAN4 specification loading, CSI-RS based RLM-RS and SSB based RLM-RS are TDMed.
Proposal 2: For FR2, the scaling factor for SSB-based RLM evaluation period shall consider the following scenarios:
· P=1, when RLM-RS is not overlapped with measurement gap and also not overlapped with SMTC occasion. 
· P=1/(1 – TSSB/MGRP), when RLM-RS is partially overlapped with measurement gap and RLM-RS is not overlapped with SMTC occasion (TSSB < MGRP)
Proposal 3: If one CSI-RS based RLM-RS is QCLed with multiple CORESETs or not QCLed with any CORESET, the PDCCH parameters shall be determined based on the rules:
· If the CSI-RS based RLM-RS is QCLed with multiple CORESETs, the CORESET to determine PDCCH is:
· the CORESET with the lowest index and directly QCLed with the CSI-RS resource, if at least one CORESET is directly QCLed to the CSI-RS resource. Else, 
· [bookmark: _GoBack]the CORESET with the lowest index and indirectly QCLed with the CSI-RS resource
· If the CSI-RS based RLM is not QCLed with any CORESET, UE is not expected to perform RLM based on this CSI-RS based RLM-RS.
Proposal 4: The overlap between CSI-RS based RLM-RS and SMTC means that CSI-RS based RLM-RS is within the window duration of SMTC.
Proposal 5: Define requirements for CSI-RS for RLM with D = 3 only.
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