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Background
There have been some previous agreements on time needed by UE to process a TCI state switch command in other working groups. However, RRM requirements for TCI state switch are still open. In this contribution we provide our view on what these requirements should be for PDCCH and PDSCH channels.  
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. 
 Scheduling Restrictions
As mentioned in the previous section, the set of TCI states programmed for the UE can be changed via RRC, and the active set of the TCI state can be changed via MAC-CE. For MAC-CE, from RAN1 agreements, the decode and application time is 3ms. For an RRC command changing the TCI state, the processing time decided by RAN1 is Y ms. With a MAC-CE based TCI state switch, the UE is expected to perform switch to the new TCI state exactly at the end-point of the activation time and can hence be scheduled on the existing beam during the activation time. 
Observation 1: For MAC-CE based TCI state switch the UE can be scheduled on the beam corresponding to the current TCI state during the activation time. 
RRC reconfiguration-based beam switch presents a different challenge though. If RRC is changing the set of active TCI states, the UE can change to the new TCI state at any point during the reconfiguration time. Since gNodeB is not aware of when the change will occur, UE should not be scheduled during this time on the previously active TCI state. 
Observation 2: RRC based TCI state change can occur at any point during re-configuration. UE cannot be scheduled during RRC reconfiguration time. 
Switching Time
The second aspect of TCI state change is the delay till UE can be scheduled on the new beam. 
Depending on the channel being switched, the end for TCI state switch would be monitoring PDCCH or be scheduled with data for PDSCH on the new beam. For PDSCH, like the case of SCell activation, the UE would need to provide CSF for the network to schedule with right MCS.
Proposal 1a: For PDCCH, at the end of the beam switch procedure the UE should be able to decode PDCCH on the new beam.
Proposal 1b: For PDSCH, at the end of the new TCI state activation is when the UE provides CSF corresponding to the new TCI state
Proposal 2: For a MAC-CE based time switch, the time UE needs would be 
TMAC-CESwitch = 3ms + Tactivation, 
Where 3ms is the MAC-CE decode and Tactivation depends on the time needed to acquire AGC/timing on the new beam. 
Tactivation would depend on when the UE measured the target TCI state last. Ideally, the network should not switch the UE to a TCI state it is not measured before or measured a long time ago. To formalize this, we define the concept of a known TCI state. A TCI state is said to be known if the UE has provided a L1-RSRP report corresponding to that TCI state to the network within the last X ms. 
Proposal 3: A TCI state is said to be known if the UE has measured and reported L1-RSRP for that state within the last X ms. 
To discourage the network from switching the UE to an unknown TCI state, we propose to have no requirements on UE that is being switched to an unknown state. 
Proposal 4: There are no UE requirements to switch to an unknown TCI state. 
The TCI state switch requirements are only testing that the UE can switch the beams within the allotted time and start decoding channels on the new beam. For this, the underlying assumption is that the channel conditions have not changed. In case the channel conditions have changed, the UE beam management procedures (BM/BFR/CBD) should kick in. 
Observation 3: The TCI state switch requirements provide requirements for the case where underlying channel conditions have not changed. 
For PDCCH TCI state switch to a known state, the UE already has timing information from providing the L1-RSRP. Since PDCCH is low coding rate, the UE does not need any more RS to acquire fine timing to decode PDCCH.  
Proposal 4: For PDCCH, the Tactivation for switch to a new TCI state is 0ms.   
For PDSCH switch to a known TCI state, the UE needs to provide a CSF corresponding to the new TCI state. To provide accurate CSF, the UE would need 1SSB to do fine time tracking. In addition, the UE would need time to measure and report CSF. 
Proposal 5: For PDSCH TCI state switch to a known TCI state, Tactivation is 1*TSMTC +  TCSI_Reporting
Where TCSI_Reporting includes the delay in acquiring CSI resource, UE processing time, and delay in acquiring CSI reporting resource. 		
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