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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In the agreed CRs, R4-1808521[1] and R4-1808525[2], RAN4 discussed the CSI-RS based RLM and SSB based RLM respectively. However, there are some issues are not discussed. In this contribution, we provide views on the following remaining issues:
· Definition of TSMTCperiod 
· CSI-RS based RLM specific
· CORESET definition
· FR2 evaluation period scaling factor due to RX beam sweeping
· Side condition for evaluation requirement when CSI-RS based RLM-RS and SSB based RLM-RS have different subcarrier spacing
· Definition on overlap between CSI-RS based RLM-RS and SMTC occasion
2	TSMTCperiod for SSB based and CSI-RS based RLM-RS in FR2
[bookmark: _Ref517112268]When RLM-RS collides with SMTC occasion in FR2, the evaluation scaling factor is introduced and it depends on the SMTC periodicity, i.e. P=1/(1 – TSSB/TSMTCperiod). For intra-frequency CONNECTED mode measurement, UE can be configured with 2 SMTC with different periodicities. The RRC signaling is already provided in measurement object (MO) in TS38.331 through smtc1 and smtc2, as captured below.
	smtc1                                   SEQUENCE {      
    periodicityAndOffset                CHOICE {
        sf5                             INTEGER (0..4),
        sf10                            INTEGER (0..9),
        sf20                            INTEGER (0..19),
        sf40                            INTEGER (0..39),
        sf80                            INTEGER (0..79),
        sf160                           INTEGER (0..159)
    },
    duration                            ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
},
smtc2                                   SEQUENCE {
    pci-List       SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId OPTIONAL, -- Need M
    periodicity    ENUMERATED {sf5, sf10, sf20, sf40, sf80, sf160, spare2, spare1}
}                                       OPTIONAL,-- Cond IntraFreqConnected



If smtc2 is present, to avoid ambiguity on deriving FR2 evaluation scaling factor in FR2, TSMTCperiod equals to min(smtc1 Periodicity, smtc2 Periodicity). In the MO, smtc2 is optional. If smtc2 is provided, a PCI list will also be signaled to inform UE of which cell(s) is associated with this different periodicity. For all the other cells not listed in the pci-List, UE assumes their SMTC periodicity following smtc1. According to RAN1 agreement in NR#2 meeting, the periodicity of smtc1 is longer than smtc2. 
	Agreements:
•        Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
–       For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
•        UE can be informed of which cell(s) is associated with which measurement window periodicity
•        For cell(s) that is not listed, longer measurement window periodicity is used
•        Single measurement window offset and duration are configured per frequency carrier
<Remaining parts omitted.>


[bookmark: _Ref517440464]Proposal 1: If the high layer in TS 38.331 [2] signaling of smtc2 is present, TSMTCperiod follows smtc2; Otherwise TSMTCperiod follows smtc1.
3	CSI-RS based RLM-RS
3.1	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 1, 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 2: 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 1: Example of one CSI-RS based RLM is QCLed to multiple CORESETs
3.2	        Evaluation period scaling factor for RX beam sweeping 
In agreed CR, R4-1808521, the scaling factor of evaluation period due to RX beam sweeping is shown below:
TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS are defined in Table 8.1.3.2-2 for FR2, where
· N=1, if the CSI-RS resource configured for RLM is spatially QCLed and TDMed to CSI-RS resources configured for BM or SSBs configured for BM, and the QCL association is known to UE;
· N=FFS, otherwise.



[Tony]: IPR1: CSI-RS is collision with SMTC definition 


However, when the conditions of N=1 are met, UE may still have the difficulty to determine the best RX beam. As shown in Figure 2, when two CSI-RS based RLM-RSs are multiplexed in the same OFDM symbol, and the best RX beam results from beam management are different. When the UE is forced to follow the best RX beam of CSI-RS based RLM-RS 1, the radio link quality of CSI-RS based RLM-RS 2 is not no long valid due to non-optimal RX beam. Therefore the conditions of N=1 shall be modified. 
[bookmark: _Ref517112296]Proposal 3: N = 1 in TEvaluate_out_CSI-RS, if the CSI-RS resource configured for RLM is spatially QCLed and TDMed to CSI-RS resources configured for BM or SSBs configured for BM, all CSI-RS resources configured for RLM are mutually TDMed, and the QCL association is known to UE.
[image: ]
[bookmark: _Ref517100391]Figure 2: The scenario that two RLM-RSs have different best RX beams

3.3	        Evaluation period scaling factor for CSI-RS based RLM when CSI-RS based RLM-RS and SSB based RLM-RS have different subcarrier spacing
In R4-1808521, CSI-RS based RLM evaluation period scaling factors are agreed. However, RAN did not discuss the scenario shown in Figure 3 that CSI-RS based RLM-RS and SSB based RLM-RS multiplex in the same OFDM symbol but do not have same SCS, and the UE does not support simultaneousRxDataSSB-DiffNumerology.
[image: ]
[bookmark: _Ref517098087]Figure 3: The scenario that is not covered in R4-1808521

PDSCH and CSI-RS based RLM-RS have same SCS. From scheduling available aspect, there is no difference for PDSCH and CSI-RS based RLM-RS. By leveraging the discussion result in scheduling restriction, due to different SCSs between CSI-RS and SSB, UE which does not support simultaneousRxDataSSB-DiffNumerology is not capable to perform SSB based RLM and CSI-RS based RLM together. There is one simple solution that gNB can preclude this scenario via RRC configuration and this solution can offer the following advantages:
· Avoid to fragment CSI-RS RS evaluation requirements for simultaneousRxDataSSB-DiffNumerology capability
· Not introduce additional sharing factor between SSB-based RLM-RS and CSI-RS based RLM-RS
· Current SSB based RLM evaluation period requirements remain unchanged
· Current CSI-RS based RLM evaluation period requirements remain unchanged
[bookmark: _Ref517112302]Proposal 4: When CSI-RS based RLM-RS and SSB based RLM-RS have different subcarrier spacing, for UE which does not support simultaneousRxDataSSB-DiffNumerology, CSI-RS based RLM-RS and SSB based RLM-RS are TDMed.
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 4, RLM behavior also becomes simultaneousRxDataSSB-DiffNumerology dependent.
[bookmark: _Ref517206740]Observation 1: When CSI-RS based RLM-RS and SSB based RLM-RS have different subcarrier spacing, RLM behavior also becomes simultaneousRxDataSSB-DiffNumerology dependent if network only grantees CSI-RS based RLM-RS and SSB based RLM-RS are TDMed for UE which does not support simultaneousRxDataSSB-DiffNumerology.
One unified CSI-RS based RLM behavior is beneficial for UE management if the evaluation period is independent on simultaneousRxDataSSB-DiffNumerology. 
[image: ]
[bookmark: _Ref517205112]Figure 4: 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 5: Regardless of simultaneousRxDataSSB-DiffNumerology capability, to have unified CSI-RS based RLM behavior, CSI-RS based RLM-RS and SSB based RLM-RS are TDMed When CSI-RS based RLM-RS and SSB based RLM-RS have different subcarrier spacing.

3.4	       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]Proposal 6: 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	Summary
Based on the discussion in section 2, and 3, we have the following observation and proposals:
Proposal 1: If the high layer in TS 38.331 [2] signaling of smtc2 is present, TSMTCperiod follows smtc2; Otherwise TSMTCperiod follows smtc1.
Proposal 2: 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.
Proposal 3: N = 1 in TEvaluate_out_CSI-RS, if the CSI-RS resource configured for RLM is spatially QCLed and TDMed to CSI-RS resources configured for BM or SSBs configured for BM, all CSI-RS resources configured for RLM are mutually TDMed, and the QCL association is known to UE
Proposal 4: When CSI-RS based RLM-RS and SSB based RLM-RS have different subcarrier spacing, for UE which does not support simultaneousRxDataSSB-DiffNumerology, CSI-RS based RLM-RS and SSB based RLM-RS are TDMed.
Observation 1: When CSI-RS based RLM-RS and SSB based RLM-RS have different subcarrier spacing, RLM behavior also becomes simultaneousRxDataSSB-DiffNumerology dependent if network only grantees CSI-RS based RLM-RS and SSB based RLM-RS are TDMed for UE which does not support simultaneousRxDataSSB-DiffNumerology.
Proposal 5: Regardless of simultaneousRxDataSSB-DiffNumerology capability, to have unified CSI-RS based RLM behavior, CSI-RS based RLM-RS and SSB based RLM-RS are TDMed When CSI-RS based RLM-RS and SSB based RLM-RS have different subcarrier spacing.
Proposal 6: The overlap between CSI-RS based RLM-RS and SMTC means that CSI-RS based RLM-RS is within the window duration of SMTC. 
5	Reference 
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