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In this contribution, we provide our views on the remaining open issues of unified TCI state switch requirements for M-TRP. 
Discussion
[bookmark: _Toc5952573] 
Unified TCI framework 

In previous meetings, during the core part of the WI, RAN4 agreed on the unified TCI state switch requirements for multiple scenarios covering sDCI, mDCI. However, there were few open issues concerning UL TCI state switching for UE supporting two TA. The WF of the last meeting discussion can be found in [2].

Issue 1: UL TCI state switching for eUTCI when UE support RTD>CP in FR1: 

In last meeting, among the different proposals under discussion, primary difference between different proposals was whether additional delay for T/F tracking is needed or not. We think in the unified TCI framework, NW may configure separate TCI state only when the SSB associated to DL TCI state and SSB associated to UL TCI state are different. If the SSB are same for DL and UL TCI state, we think NW can configure joint TCI state itself. Considering this, we think it is reasonable to assume UE needs additional SSB T/F tracking time for the separate UL TCI state switch. Having said that, if the UL TCI state is in the active TCI state list, UE would be tracking the SSB and additional time for T/F tracking is not needed. Considering this we think the UL TCI state switch delay for this scenario require additional delay for SSB T/F tracking compared to legacy UL TCI state switch delay.  Delay including legacy delay requirement plus SSB T/F tracking is given by below equations (option 1 from [2])

· 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

Proposal 1:  For mDCI mTRP, UL TCI state switching delay for eUTCI if UE supporting two TAs and supporting RTD>CP is 
· 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

Issue 2: UL TCI state switching for eUTCI when UE support RTD<CP: 

We are not sure if this scenario is typical or not from the configuration perspective. However, if RAN4 want to consider this scenario, we assume two DL reference timing should be considered for two TA. In this scenario also, following the same logic as previous case, UE needs additional time for T/F tracking. Since UE can only support RTD is less than CP, UE is expected to receive SSB in sequential manner. In intra-cell scenario, since SSB do not overlap in time domain, we think the requirement for UL TCI state switching should be same as issue 1.

Proposal 2:  For mDCI mTRP, UL TCI state switching delay for eUTCI if UE supporting two TAs and but not supporting RTD>CP is 
· 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

L1-RSRP measurement requirements

As per our understanding, UE may report simultaneousRxDataSSB-DiffNumerology capability when RS and data are received using different FFT. Otherwise, same FFT may not be able to support different SCS of data and SSB. When RTD > CP is supported, we think UE need to support different FFT. Whether UE uses same FFT for L1-RSRP measurements and data reception or will have separate FFT for data and RS reception in multi-TRP case is not very clear.  Further, the relation between RTD > CP capability and simultaneousRxDataSSB-DiffNumerology capability is not specified in the FG descriptions. When UE reports RTD>CP FG as supported, we are not sure whether UE will report simultaneousRxDataSSB-DiffNumerology as supported.  Considering this we are fine to introduce measurement and scheduling restriction when UE do not support simultaneousRxDataSSB-DiffNumerology, though it supports RTD>CP.
Wording of measurement restrictions:
In last meeting following option is agreed with []. We are to remove the [] and use the overlapping or partially-overlapping wording than mentioning it as one or two OFDM symbols before and after. 
	Issue 2-1-7: Measurement restriction of L1-RSRP measurement when RTD>CP in FR1
< Agreement >
· If UE not support twoTA or UE support twoTAs but not support RTD>CP, the same as legacy.
· if the two TA is supported and UE supported RTD>CP,
· For serving cell SSB L1-RSRP, when [the SSB for L1-RSRP measurement and CSI-RS for RLM, BFD, CBD or L1-RSRP measurement are overlapping or partially overlapping in OFDM symbols]
· SSB and CSI-RS: same SCS, no restriction;
· SSB and CSI-RS: different SCS, 
· With simultaneousRxDataSSB-DiffNumerology, no restriction
· No simultaneousRxDataSSB-DiffNumerology, with restriction to measure just one
· For a cell with different PCI from serving cell, when [the SSB for L1-RSRP measurement and SSB transmitted from serving cell(s) for RLM, BFD, CBD or L1-RSRP measurement are overlapping or partially overlapping in OFDM symbols],
· no restriction
· For cell with different PCI from serving cell, when [the SSB for L1-RSRP measurement and CSI-RS transmitted from serving cell(s) for RLM, BFD, CBD or L1-RSRP measurement are overlapping or partially overlapping in OFDM symbols],
· SSB and CSI-RS: same SCS, no restriction;
· SSB and CSI-RS: different SCS, 
· With simultaneousRxDataSSB-DiffNumerology, no restriction
No simultaneousRxDataSSB-DiffNumerology, with restriction to measure just one



Proposal 3:  Confirm the wording of measurement restrictions by removing square brackets.
Scheduling restrictions:
For scheduling restrictions also we prefer using similar wording as measurement restrictions. In the WF [2] of the last meeting, it corresponds to option 3.
	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.



Proposal 4:  For serving cell or cell with different PCI from serving cell, when UE supports RTD>CP but do 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.
Proposal 5:  For cell with different PCI from serving cell, for the Scheduling availability of UE performing L1-RSRP measurement in TDD bands on FR1, when UE supports RTD>CP but do not support simultaneousRxDataSSB-DiffNumerology, 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.
Summary and Conclusion
In this contribution we have analysed extension of unified TCI framework RRM requirements to M-TRP and made following proposals. 

Proposal 1:  For mDCI mTRP, UL TCI state switching delay for eUTCI if UE supporting two TAs and supporting RTD>CP is 
· 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

Proposal 2:  For mDCI mTRP, UL TCI state switching delay for eUTCI if UE supporting two TAs and but not supporting RTD>CP is 
· 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

Proposal 3:  Confirm the wording of measurement restrictions by removing square brackets.

Proposal 4:  For serving cell or cell with different PCI from serving cell, when UE supports RTD>CP but do 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.


Proposal 5:  For cell with different PCI from serving cell, for the Scheduling availability of UE performing L1-RSRP measurement in TDD bands on FR1, when UE supports RTD>CP but do not support simultaneousRxDataSSB-DiffNumerology, 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.
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