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Background
In RAN4#90-Bis, there was a WF [1] agreed on defining delays for TCI state switching. In this contribution, we provide our view on the open issues as indicated in the WF. 
Discussion
Background
For PDSCH the UE can be programmed with up to M TCI states. Via a MAC-CE command, the network can then activate a subset K of these. The actual TCI state used for reception of data can then be selected from the active set via DCI. Also, the network can change the active set of TCI states for PDSCH via a MAC-CE command. 
For PDCCH, the UE can be programmed with M1 TCI states. Again, via MAC-CE gNodeB can select 1 active TCI state per CORESET. The MAC command can also be used to change the active TCI state corresponding to a CORESET. 
There are existing agreements in RAN1/RAN2 on the processing times for these MAC-CE, DCI and RRC commands. The requirements that need to be specified in RAN4 are: extra time, if required, after MAC-CE/DCI/RRC command processing needed for state switch, scheduling restrictions during the processing time. 
In addition to above, there are also UE capabilities that indicate how many active TCI state the UE can track. These capabilities are namely,  tci-StatePDSCH, tci-StatePDSCH and additionalActiveTCI-StatePDCCH. Also, from RAN1 agreements as captured in 38.306, the UE is only supposed to track the active TCI state. This means that even if the UE has reported measurement on a TCI state it is not supposed to keep track of complete timing information for that state. 

Switching Time
Known TCI state definition
For a known TCI state, we propose to re-use the definition from known Scell in FR2. 
Proposal 1: The definition of known TCI state can be the same as that for known Scell. 
MAC-CE Based Switch for PDCCH
Agreement from RAN4#90-Bis
Definition of switching delay: From the slot with PDSCH carrying the activation command to the slot when PDCCH can be received based on new TCI state
Note that as mentioned before, the UE is not required to track all timing information for a TCI state that is not activate. Thus, even for a known TCI state the UE would need 1SSB to get its timing loops to ensure that it can decide PDCCH
Proposal 2: For a MAC-CE based TCI state switch for PDCCH received in slot n, the UE shall complete the switch by  n+THARQ+3ms + TFirstSSB+2ms, 
Where 3ms is the MAC-CE decode and application time,  TFirstSSB is the time to first SSB after n+THARQ+3ms and 2ms is the time for UE to process the SSB and update its loops. 
[bookmark: _GoBack]Note that the network can always align the switching of TCI state with SSB to ensure a very small amount of interruption on the serving carrier. In this case the interruption would be limited to the SSB slot + 2ms. 
DCI based switch for PDSCH
Agreements from RAN4#90-Bis
Definition of switching delay: From the last symbol of PDCCH to first symbol of PDSCH
For UE supporting Power Class 1 
· Requirements are defined for known TCI state
· No requirements for unknown TCI state
· Requirement for switching delay for known TCI state: UE capability for timeDurationForQCL 
Our view is that there should be no difference in terms of power class in terms of switching delay here. 
Proposal 3: For DCI based switching delay for TCI state of PDSCH the delay is the UE declared capability for timeDurationForQCL 
RRC based switch 
From RRM requirements perspective the RRC based switch would proceed very similar to MAC-CE based switching for PDCCH. In this case the UE would need time to send HARQ, do RRC delay and then 1 SSB to update its loops.

Proposal 4: For an RRC based TCI state switch for PDCCH received in slot n, the UE shall complete the switch by  n+THARQ+TRRCDelay + TFirstSSB+2ms, 
Where TRRCDelay is the RRC processing delay defined by RAN2,  TFirstSSB is the time to first SSB after n+THARQ+ TRRCDelay and 2ms is the time for UE to process the SSB and update its loops. 

MAC-CE based addition to active TCI state list for PDSCH
The MAC-CE addition here should be like what happens for switching for PDCCH. If the state is known, the UE would need 1 SSB to update its timing loops. 
Proposal 5: For a MAC-CE based addition to TCI state list for PDSCH received in slot n, the UE shall complete the switch by  n+THARQ+3ms + TFirstSSB+2ms, 
Where 3ms is the MAC-CE decode and application time,  TFirstSSB is the time to first SSB after n+THARQ+3ms and 2ms is the time for UE to process the SSB and update its loops. 

Conclusion
Proposal 1: The definition of known TCI state can be the same as that for known Scell. 
Proposal 2: For a MAC-CE based TCI state switch for PDCCH received in slot n, the UE shall complete the switch by  n+THARQ+3ms + TFirstSSB+2ms, 
Where 3ms is the MAC-CE decode and application time,  TFirstSSB is the time to first SSB after n+THARQ+3ms and 2ms is the time for UE to process the SSB and update its loops. 
Proposal 3: For DCI based switching delay for TCI state of PDSCH the delay is the UE declared capability for timeDurationForQCL 
Proposal 4: For an RRC based TCI state switch for PDCCH received in slot n, the UE shall complete the switch by  n+THARQ+TRRCDelay + TFirstSSB+2ms, 
Where TRRCDelay is the RRC processing delay defined by RAN2,  TFirstSSB is the time to first SSB after n+THARQ+ TRRCDelay and 2ms is the time for UE to process the SSB and update its loops. 
Proposal 5: For a MAC-CE based addition to TCI state list for PDSCH received in slot n, the UE shall complete the switch by  n+THARQ+3ms + TFirstSSB+2ms, 
Where 3ms is the MAC-CE decode and application time,  TFirstSSB is the time to first SSB after n+THARQ+3ms and 2ms is the time for UE to process the SSB and update its loops. 
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