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Introduction
In this contribution, we discuss a possible case of TCI state known status mismatch at gNB and UE.  
Discussion
TCI state known condition
As per TS 38.133 [1], The TCI state is known if it has been meeting the following conditions:
-	TCI state switch command is received within [1280] ms of the last transmission of the RS resource for beam reporting or measurement for the target TCI state
-	The UE has sent at least 1 measurement report for the target TCI state
-	The TCI state remain detectable during the TCI state switching period
-	The SSB associated with the TCI state remain detectable during the TCI switching period
-	SNR of the TCI state is ≥ -3dB
Otherwise, the TCI state is unknown.
 
 TCI state mismatch
TCI state mismatch will occur if: 
· TCI state known status according to TCI state known definition as per [1] (at UE and gNB) and 
· UE actual TCI state known status based on beam detection (TCI known definition of [1]) when UE receive TCI switch command are not same.  
Optimal performance can be achieved when  UE TCI state known status assumption at gNB and UE TCI state known status at UE are same. Any TCI state mismatch may lead to sub optimal performance.  
Why TCI state known status mismatch is a problem?
In NR for following procedures, delay requirements are defined based on whether the cell or beam is known or unknown. 
1. Handover, NE-DC PSCell addition, NR-DC PSCell addition
2. SCell activation 
3. TCI state switching 
Let’s look at how the above procedures will or will not be able to handle mismatch of known and unknown status.
Handover, NE-DC PSCell addition, NR-DC PSCell addition: 
For procedures such as Handover, PSCell addition in NE-DC and NR-DC, UE transmits a PRACH signal to gNB at the end of the procedure. Which will act as an acknowledgement for the procedure (handover, NE-DC PSCell addition or NR-DC PSCell addition) completion. 
How known and unknown status mismatch is handled here?
As explained above, UE transmits PRACH at the end of procedure completion. If UE do not send PRACH, gNB will not start any data scheduling on the newly added cell until the PRACH is sent. Therefore, even if known and unknown status mismatch occurs, there is no loss of performance, as gNB will not transmit any data at the end of procedure completion.   
Observation 1: Without PRACH from UE, gNB will not schedule PDSCH or PDCCH to UE on newly added cell.  Hence known and unknown status mismatch may not result in loss of performance in Handover, NE-DC PSCell addition or NR-DC PSCell addition case.
SCell Activation:
For procedure such as SCell activation, UE reports CSI reporting at the end of SCell activation procedure. Which will act as an acknowledgement for the procedure (SCell activation). 
How known and unknown status mismatch is handled here?
As explained above, UE transmits CSI report at the end of procedure completion. If UE do not send CSI report, gNB will not start any data scheduling on the newly activated SCell until the CSI report is sent. Therefore, even if known and unknown status mismatch occurs, there is no loss of performance, as gNB will not transmit any data at the end of procedure completion.  
Observation 2: Without CSI report from UE, gNB will not schedule PDSCH or PDCCH to UE on newly activated SCell.  Hence known and unknown status mismatch may not result in loss of performance in SCell activation case.
 Moreover, with the newly agreed CSI reporting mechanism of sending lowest valid CSI report in case UE is not ready with CSI report, gNB can handle known and unknown activation timelines in much efficient manner. 
TCI state switching: 
Unlike other procedures mentioned above, for TCI state switching, there is no signal transmission, which can act as an acknowledgment upon completion of beam switch procedure. Which can be a problematic when known and unknown mismatch occurs. Following problems may occur if mechanism to handle known and unknown TCI state is not introduced.
· At the end of TCI state switching delay/time, gNB may transmit PDCCH/PDSCH to UE. Where if UE is not ready, UE may not be able to receive transmission on new TCI state. Which will result in loss of performance.
· Since in Rel-15 cells from the same gNB are QCL’ed, any mismatch in TCI state known status, not only results in loss of performance or scheduling opportunity loss from one cell but from all the active QCL’ed cells.
Observation 3: There is no mechanism to handle TCI state known status mismatch in TCI state switching. Which may be a bigger concern/problem
Moreover, in previous meeting, during offline discussion with other companies, they also feel that TCI state mismatch can happen. 
Based on the above observations and previous meeting offline discussion, we propose RAN4 to agree on TCI state known status mismatch problem and study a procedure to handle it in Rel-16 timeframe.

Proposal 1: RAN4 to agree on TCI state known status mismatch problem and study solution to handle it in Rel-16 timeframe. 

Conclusion
In this contribution, we have discussed the problem of TCI state known status mismatch at UE and gNB and made the following proposals:
Proposal 1: RAN4 to agree on TCI state known status mismatch problem and study solution to handle it in Rel-16 timeframe.
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