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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 RAN4-88 meeting and there is one new issue regarding the RLM behaviour difference between non-DRX and no DRX. In this contribution, we provide views on the following issues:
· RLM behaviour difference between non-DRX and no DRX
· Whether SSB for RLM and CSI-RS for RLM can be FDMed when they are with different subcarrier spacing
· CSI-RS based RLM specific
· CORESET definition
· Frequency density of CSI-RS based RLM-RS
· Scheduling availability
2	RLM behaviour difference between non-DRX and no DRX
Because there is no clear definition for ``non-DRX’’ in TS 38.133, it is ambiguous. In section 3.6.1 of TS 38.133, ``non-DRX’’ may mean that DRX parameters are not configured so that ``no DRX’’ may be the superset of ``non-DRX’’. 
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In current TS 38.133, RAN4 defined the three cases for RLM evaluation period, non DRX, DRX with DRX cycle <= 320ms, and DRX with DRX cycle > 320ms. 
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Due to ambiguous definition of non-DRX, using the current classification for DRX in Table 8.1.2.2-1, UE may have long RLM evaluation period length and slower radio link quality response.  In the following example, the corresponding SSB-based OOS evaluation period is 4800ms. If ``non-DRX’’ is replaced by ``no DRX’’ in Tables 8.1.2.2-1, 8.1.2.2-2, 8.1.3.2-1 and 8.1.3.2-2 in TS 38.133, the SSB-based OOS evaluation period becomes 200ms. Shorter evolution period is beneficial because UE can stop UL transmission quickly and reduce the UL interference.
· FR1: N=1, P=1, TSSB = 20 ms and DRX cycle =320ms
· gNB always scheduled DL data to UE (drx-InactivityTimer is running) 
[bookmark: _Ref525482065]Proposal 1: To potentially reduce RLM evaluation period, ``non-DRX’’ in Tables 8.1.2.2-1, 8.1.2.2-2, 8.1.3.2-1 and 8.1.3.2-2 is replaced by ``no DRX’’.
3	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. Moreover, the current SSB-based evaluation and CSI-RS based evaluation period shall be revisited thoroughly.
[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. P becomes extremely complicated and the specification loading on RLM evaluation shall be considered. Moreover, P for current SSB-based evaluation and CSI-RS based evaluation period shall be revisited thoroughly.
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][bookmark: _Ref525853398]Proposal 2: 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.
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.
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[bookmark: _Ref517100191]Figure 2: Example of one CSI-RS based RLM is QCLed to multiple CORESETs
4.2	       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. In RAN1 agreed LS , R1-1809851 , CSI-RS with D=3 is also considered as the default value for CSI-RS-CellMobility. In Rel-15, we prefer define requirements for CSI-RS for RLM with D = 3 only.
[bookmark: _Ref520467085]Proposal 4: Define requirements for CSI-RS for RLM with D = 3 only.
5	       Scheduling availability 
As shown below, the current specification does not clearly address the following cases:
· UE don’t support simultaneousRxDataSSB-DiffNumerology and SSB for RLM and data have the different SCS.
· UE do support simultaneousRxDataSSB-DiffNumerology and SSB for RLM and data have the different SCS.
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Moreover, the SSB for RLM and CSI-RS for RLM can be also configured for L1-RSRP. In this scenario, UE should be allowed to perform RX beam training on the SSB/CSI-RS configured for L1-RSRP. Thus, it proposes the following update on scheduling availability due to RLM in FR2: 
<< Start of text proposal>>
When the reference signal to be measured for RLM has different subcarrier spacing than PDSCH/PDCCH and on frequency range FR1 and frequency range 2, there are restrictions on the scheduling availability as described in the following clauses.
8.1.7.1	Scheduling availability of UE performing radio link monitoring with a same subcarrier spacing as PDSCH/PDCCH on FR1
There are no scheduling restrictions due to radio link monitoring performed with a same subcarrier spacing as PDSCH/PDCCH on FR1.
8.1.7.2	Scheduling availability of UE performing radio link monitoring with a different subcarrier spacing than PDSCH/PDCCH on FR1
For UE which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability due to radio link monitoring based on SSB as RLM-RS. For UE which do not support simultaneousRxDataSSB-DiffNumerology [14] the following restrictions apply due to radio link monitoring based on SSB as RLM-RS.
-	The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for radio link monitoring.
When intra-band carrier aggregation is performed, the scheduling restrictions apply to all serving cells on the band due to radio link monitoring performed on FR1 serving PCell or PSCell in the same band. When inter-band carrier aggregation within FR1 is performed, there are no scheduling restrictions on FR1 serving cell(s) in the bands due to radio link monitoring performed on FR1 serving PCell or PSCell in different bands.
8.1.7.3	Scheduling availability of UE performing radio link monitoring on FR2
The following scheduling restriction applies due to radio link monitoring on an FR2 serving PCell and/or PSCell.
-	If UE is not provided high layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH SSB/CSI-RS that has QCL-Type D, or if the SSB/CSI-RS configured for RLM is QCL-Type D with DM-RS for PDCCH, and N=1 applies for the RLM-RS as specified in section 8.1.2.2 if the RLM-RS is SSB and in section 8.1.3.2 if the RLM-RS is CSI-RS.
-	There are no scheduling restrictions due to radio link monitoring performed with a same subcarrier spacing as PDSCH/PDCCH.
- 	When performing radio link monitoring with a different subcarrier spacing than PDSCH/PDCCH, for UE which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability due to radio link monitoring. For UE which do not support simultaneousRxDataSSB-DiffNumerology [14] the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for radio link monitoring, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE.
- Otherwise
[bookmark: _Hlk517630302]-	The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on RLM-RS symbols to be measured for radio link monitoring, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE.
When intra-band carrier aggregation is performed, for other serving cells on the band than FR2 serving PCell or PSCell in the same band, the following scheduling restriction applies due to radio link monitoring on an FR2 serving PCell and/or PSCell.
-	If the RLM-RS is type-D QCLed with active TCI state for PDCCH/PDSCH, and N=1 applies for the RLM-RS as specified in section 8.1.2.2 if the RLM-RS is SSB and in section 8.1.3.2 if the RLM-RS is CSI-RS
-	There are no scheduling restrictions due to radio link monitoring performed with a same subcarrier spacing as PDSCH/PDCCH.
-	When performing radio link monitoring with a different subcarrier spacing than PDSCH/PDCCH, for UE which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability due to radio link monitoring. For UE which do not support simultaneousRxDataSSB-DiffNumerology [14] the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for radio link monitoring.
-	Otherwise 
-	The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on RLM-RS symbols to be measured for radio link monitoring.
Editor’s Note: FFS scheduling restrictions for inter-band carrier aggregation will be defined depending on band combination in future.
<<End of Text proposal>>

[bookmark: _Ref525745592]Proposal 5: Scheduling availability of UE performing RLM on FR2 shall consider simultaneousRxDataSSB-DiffNumerology and L1-RSRP RX beam sweeping. 
6	Summary
Based on the discussion in section 2, 3, 4 and 5, we have the following observations and proposals:
Proposal 1: To potentially reduce RLM evaluation period, ``non-DRX’’ in Tables 8.1.2.2-1, 8.1.2.2-2, 8.1.3.2-1 and 8.1.3.2-2 is replaced by ``no DRX’’.Proposal 1: To potentially reduce RLM evaluation period, ``non-DRX’’ in Tables 8.1.2.2-1, 8.1.2.2-2, 8.1.3.2-1 and 8.1.3.2-2 is replaced by ``no DRX’’.
Proposal 2: 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 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.
Proposal 4: Define requirements for CSI-RS for RLM with D = 3 only.
Proposal 5: Scheduling availability of UE performing RLM on FR2 shall consider simultaneousRxDataSSB-DiffNumerology and L1-RSRP RX beam sweeping.
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k8.1.73 Scheduling availability of UE performing radio link monitoring on FR2.

The following scheduling restrictionapplies due o radio link monitering on an FR2 serving PCell and/or PSCell.»
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- The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on RLM-RS symbols to be
measured for radio link monitoring. except for RMSITPDCCH/PDSCH and PDCCH/PDSCH which is not
required to be received by RRC_CONNECTED mode UE. «
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=3.6.1 RRC connected state requirements in DRX.

For the requirements in RRC connected state specified in this version of the specification, the UE shall assume that no
DRX is used provided the following conditions aremet:+

- DRX parameters are configuredand

- drx-InactivityTimeris running ot

- ra-ContentionResolutionTimer is running or«

- aSchedulingRequest senton PUCCH is pending or«

- aPDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been
received after successful receptionofa Random Access Response for the preamble not selected by the
MAC entity~

Otherwise the UE shall assume that DRX is used.~
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NOTE:  Tsss is the periodicity of SSB configured for RLM. Torx is the DRX cycle length.





