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Background
In previous RAN1, RAN2 and RAN4 there have been some agreements made on the time needed to do beam switch upon a TCI state change.  The beam switch can happen via DCI (2ms ), MAC-CE (3ms) or RRC configuration (on the order of 15-20ms). However, each of these switches would entail different scheduling restrictions on the UE. In this contribution, we provide our view on the scheduling restrictions needed upon a beam switch.

Discussion
gNodeB can initiate a beam switch at the UE by switching the active TCI state. This is possible via DCI, MAC-CE and RRC configuration. Each one so these commands have a different timeline agreed upon in different RAN WG’s. For DCI and MAC-CE the activation time for new TCI state are 2ms and 3ms respectively. In these two scenarios, 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 DCI and 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 present a different challenge though. During an RRC reconfiguration 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. 
Observation 2: RRC based TCI state switch can occur at any point during re-configuration. UE cannot be scheduled during RRC reconfiguration time. 
The second aspect of TCI state change has to do with when the UE can be scheduled on the new beam. This would depend on the whether the UE has measured the new TCI state before. If the new TCI is “known”, the UE would not need to wait for SSB to do a UE beam sweep to figure out which UE beam to use or to acquire timing on the new beam. In case the UE has never measured the new beam, then it would need to go through UE beam sweep to find out the best beam to use. To separate the above two requirements RAN4 needs to provide the definition of known beam. Our view is that a beam can defined as known if the UE has provided a RSRP report corresponding to that beam in the last [TBD] ms. 
Proposal 1: A beam/TCI state is said to be known if the UE has provided a RSRP report for that beam to gNodeB in the last TBD ms. 
As an example, for MAC-CE based TCI state switch to a known TCI state, the UE should be schedulable on new beam right after the activation time of 3ms. 
For a UE switching to unknown TCI state, it will need to do a beam sweep to find the correct beam to use. This can be done via beam sweep based on SSB (slow) or A-CSI-RS (fast).  
Proposal 2: RAN4 to introduce requirements for a switching time and scheduling restrictions for UE switch to an unknown TCI state.  

Conclusion
In this contribution we start the discussion on RRM requirements for TCI state switch. We provide the following observations based on DCI/MAC-CE and RRC based switches. 
Observation 1: For DCI and MAC-CE based TCI state switch the UE can be scheduled on the beam corresponding to the current TCI state during the activation time. 
Observation 2: RRC based TCI state switch can occur at any point during re-configuration. UE cannot be scheduled during RRC reconfiguration time. 
In addition, we provide the following proposals to define known and unknown TCI states
Proposal 1: A beam/TCI state is said to be known if the UE has provided a RSRP report for that beam to gNodeB in the last TBD ms. 
Proposal 2: RAN4 to introduce requirements for a switching time and scheduling restrictions for UE switch to an unknown TCI state.  

