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1 Introduction
In this contribution, we discuss on RRM core maintenance for Rel-18 MIMO. 
2 Discussion
For mDCI, it is agreed for the DL TCI state switching delay. For uplink TCI state switching requirements, the principle of Issue 2-1-4-a and 2-1-4-b are similar in [1]:
	Issue 2-1-4-a: For mDCI mTRP, how to specify UL TCI state switching requirements for eUTCI if UE supporting two TAs and but not supporting RTD>CP? 
<Way forward >
· Option 1
· Known case: THARQ +  + TOk-ref (Tfirst-SSB-DLRef + 2ms)+NM*( Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms)
· Unknown case: THARQ +  + TL1-RSRP + TOuk-ref (Tfirst-SSB-DLRef + 2ms)+ Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms
· Option 2
· Known case: THARQ +  + NM*( Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms)
· Unknown case: THARQ +  + TL1-RSRP +  Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms
· Option 3 
· RAN4 shall discuss which reference signal is considered as the one associated with the UL/joint TCI state, and whether it can be assumed that the associated reference signal is always monitored by UE.
· Option 4
· Make a down-selection from the three options for separate UL TCI state switching in mDCI mTRP:
· Option 1: Add additional time for T/F tracking for separate TCI state switching.
· Option 2: Not add additional time for T/F tracking and UE is not mandatory to meet uplink timing requirements for separate TCI state switching.
· Option 3: Align the same rule as joint UL TCI state switching: UE is not expected to transmit on UL based on the target TCI state unless DL TCI state switch has also been activated yet.
· Option 5 
· if PL-RS is maintained, use legacy Rel-17 requirements. If PL-RS is not maintained, add further SSB timing and frequency tracking.

Issue 2-1-4-b: For mDCI mTRP, how to specify UL TCI state switching requirements for eUTCI if UE supporting two TAs and supporting RTD>CP in FR1? 
<Way forward >
· Option 1 
· Known case: THARQ +  + TOk-ref (Tfirst-SSB-DLRef + 2ms)+NM*( Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms)
· Unknown case: THARQ +  + TL1-RSRP + TOuk-ref (Tfirst-SSB-DLRef + 2ms)+ Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms
· Option 2
· Known case: 
· n+ THARQ +  + TOk(Tfirst-SSB + 2ms) + OL *TSSB when PL-RS is maintained
· n+HARQ+ + TOk*TfirstSSB+ Tfirst_PL-RS + 4*TPL-RS +2ms+ OL*TSSB
Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE;
Tfirst_PL-RS is time to first pathloss RS transmission after first SSB transmission for T/F tracking. Tfirst_PL-RS should be larger than 2ms when PL-RS is CSI-RS.
OL=1 if SSB overlaps or adjacent to SSB from other TRP in FR2 and SSB periodicity is less than that of other TRP, 0 otherwise
· Unknown case: 
· No Requirements. 
· Option 3 
· RAN4 shall discuss which reference signal is considered as the one associated with the UL/joint TCI state, and whether it can be assumed that the associated reference signal is always monitored by UE.
· Option 4 
· Make a down-selection from the three options for separate UL TCI state switching in mDCI mTRP:
· Option 1: Add additional time for T/F tracking for separate TCI state switching.
· Option 2: Not add additional time for T/F tracking and UE is not mandatory to meet uplink timing requirements for separate TCI state switching.
· Option 3: Align the same rule as joint UL TCI state switching: UE is not expected to transmit on UL based on the target TCI state unless DL TCI state switch has also been activated yet.
· Option 5 
· if PL-RS is maintained, use legacy Rel-17 requirements. If PL-RS is not maintained, add further SSB timing and frequency tracking.


By our understanding, the UL TCI state switching delay should be same no matter UE is supported with RTD>CP or not. The only difference should be when UE support two TAs in UL TCI states. 
In Rel-17 feMIMO, there was discussion on whether to track DL-RS for timing and frequency for uplink TCI. However, in Rel-17 feMIMO, the TAG is only one TAG for two TRPs (serving cell and a cell with different PCI). The uplink timing is using the reference downlink timing and no additional timing tracking and frequency tracking. In Rel-18 MIMO evolution, when two TAGs are introduced, the uplink timing is associated to the downlink timing of one coresetPoolIndex. According to the latest RAN1 agreement, the uplink timing cannot refer to another TAG ID.
Therefore, we support to add the DL reference timing in UL TCI state switching delay. 
In legacy requirements, the UE doesn’t track all timing information for a TCI state if this TCI state is not activated. Thus, 1 additional SSB is needed to get its timing loops for the performance. 
For the UL TCI state, the UE need to track DL timing for target TCI state if the DL timing is not so accurate. In UL TCI state, if the reference signal is SSB or CSI-RS, the UE is required to track additional DL timing based on the associated SSB index. 
In Rel-17: 
PL-RS is maintained provided: 
-		the target PL-RS is associated with or included in the UL or joint TCI states in the active TCI list for PUSCH/PUCCH/SRS transmissions
When PL-RS is maintained, the PL-RS is used to estimate for path loss. For power calculation, the timing/frequency is needed. Therefore, when PL-RS is maintained, it shows this DL reference is with a correct timing. 
Therefore, if PL-RS and reference signal is the same and PL-RS is maintained, no need to do further 1 SSB DL timing tracking. 
Proposal 1: The UL TCI state requirements are the same no matter UE supports RTD>CP or not. The requirements is applied when UE supports two TA. Add the DL reference timing in UL TCI state switching delay. If PL-RS and reference signal is the same and PL-RS is maintained, no need to do further 1 SSB DL timing tracking.
For measurement restriction of L1-RSRP measurement when RTD>CP in FR1, it is agreed. For scheduling restriction, it is summarized as:
	Issue 2-1-8: Scheduling restriction of L1-RSRP measurement when RTD>CP in FR1
<Agreement>:
For serving cell or cell with different PCI from serving cell:
· If UE not support twoTA or UE support twoTAs but not support RTD>CP, the same as legacy.
· If two TA and RTD>CP is supported:
· Scheduling availability of UE performing L1-RSRP measurement with a same subcarrier spacing as PDSCH/PDCCH on FR1：no restriction
· Scheduling availability of UE performing L1-RSRP measurement with a different subcarrier spacing as PDSCH/PDCCH on FR1：
· Option 1: 
· Support simultaneousRxDataSSB-DiffNumerology: no restriction
· not support simultaneousRxDataSSB-DiffNumerology
· The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols and 1 symbol before and after symbols corresponding to the SSB indexes configured for L1-RSRP measurement
· Option 2: 
· no restriction
· Option 3: 
· Support simultaneousRxDataSSB-DiffNumerology: no restriction
· not support simultaneousRxDataSSB-DiffNumerology
· The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols which are overlapped or partially overlapped with SSB symbols configured for L1-RSRP measurement
· For cell with different PCI from serving cell, Scheduling availability of UE performing L1-RSRP measurement in TDD bands on FR1
· Option 1: 
· The UE is not expected to transmit PUCCH/PUSCH/SRS on the same symbols and 1 symbol before or after the OFDM symbols corresponding to the SSB indexes configured for L1-RSRP measurement, where the transmission of PUCCH/PUSCH/SRS may be on serving cell(s) and cell(s) with PCI different from serving cell(s), and restricted symbols may partially or fully overlap with UL symbols
· Option 2: 
· no restriction
· Option 3: 
· The UE is not expected to transmit PUCCH/PUSCH/SRS on the symbols configured for L1-RSRP measurement which are overlapped or partially overlapped with SSB symbols configured for L1-RSRP measurement.


In FR1, SCS can be 15kHz or 30kHz or 60kHz, the agreed MRTD is 33us.
The symbol length of SCS 15kHz is 66.67us and 33.33us for SCS 30kHz and 16.67us. So, for RTD is larger than CP, the maximum of RTD is less than one OFDM symbol in SCS 15kHz/30kHz and two OFDM symbols in SCS 60kHz. According to worst case, the scheduling restriction is:
Proposal 2: For scheduling restriction of L1-RSRP measurement when RTD>CP in FR1
For serving cell or cell with different PCI from serving cell:
· If UE not support twoTA or UE support twoTAs but not support RTD>CP, the same as legacy.
· If two TA and RTD>CP is supported:
· Scheduling availability of UE performing L1-RSRP measurement with a same subcarrier spacing as PDSCH/PDCCH on FR1：no restriction
· Scheduling availability of UE performing L1-RSRP measurement with a different subcarrier spacing as PDSCH/PDCCH on FR1：
· Support simultaneousRxDataSSB-DiffNumerology: no restriction
· Not support simultaneousRxDataSSB-DiffNumerology:
- The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols and two symbols before and after symbols corresponding to the SSB indexes configured for L1-RSRP measurement

· For cell with different PCI from serving cell, Scheduling availability of UE performing L1-RSRP measurement in TDD bands on FR1
· The UE is not expected to transmit PUCCH/PUSCH/SRS on the same symbols and two symbols before or after the OFDM symbols corresponding to the SSB indexes configured for L1-RSRP measurement, where the transmission of PUCCH/PUSCH/SRS may be on serving cell(s) and cell(s) with PCI different from serving cell(s), and restricted symbols may partially or fully overlap with UL symbols


3 Conclusion
In this contribution, we provide our proposals for RRM core maintenance of Rel-18 MIMO evolution:
Proposal 1: The UL TCI state requirements are the same no matter UE supports RTD>CP or not. The requirements is applied when UE supports two TA. Add the DL reference timing in UL TCI state switching delay. If PL-RS and reference signal is the same and PL-RS is maintained, no need to do further 1 SSB DL timing tracking.
Proposal 2: For scheduling restriction of L1-RSRP measurement when RTD>CP in FR1
For serving cell or cell with different PCI from serving cell:
· If UE not support twoTA or UE support twoTAs but not support RTD>CP, the same as legacy.
· If two TA and RTD>CP is supported:
· Scheduling availability of UE performing L1-RSRP measurement with a same subcarrier spacing as PDSCH/PDCCH on FR1：no restriction
· Scheduling availability of UE performing L1-RSRP measurement with a different subcarrier spacing as PDSCH/PDCCH on FR1：
· Support simultaneousRxDataSSB-DiffNumerology: no restriction
· Not support simultaneousRxDataSSB-DiffNumerology:
- The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols and two symbols before and after symbols corresponding to the SSB indexes configured for L1-RSRP measurement

· For cell with different PCI from serving cell, Scheduling availability of UE performing L1-RSRP measurement in TDD bands on FR1
· The UE is not expected to transmit PUCCH/PUSCH/SRS on the same symbols and two symbols before or after the OFDM symbols corresponding to the SSB indexes configured for L1-RSRP measurement, where the transmission of PUCCH/PUSCH/SRS may be on serving cell(s) and cell(s) with PCI different from serving cell(s), and restricted symbols may partially or fully overlap with UL symbols
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