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According to the LS from RAN4, RAN4 asked RAN2 to evaluate “whether the UE shall declare beam failure due to LBT failures when configured with RRC-based active TCI state switching”. According to the RAN4 specification 38.133, the LBT issue could cause issues for the TCI state switching of both MAC CE-based and RRC-based. In this contribution, we provide our understandings on the LBT impacts on the TCI state switching.
Discussion
LBT issue of the TCI state switching


Figure 1: Interruption time of the MAC CE-based TCI state switching


Figure 2: Interruption time of the RRC-based TCI state switching
The above two figures (i.e. Figure 1 for MAC CE-based and Figure 2 for RRC-based) gives the interruption components of the TCI state switching [2]. According to [1] as quoted below, the UE needs to detect the first SSB of the target TCI state before switching to the target TCI state. If the SSB (as highlighted in red) of target TCI state is blocked due to the LBT failure, then the UE will get stuck within the switching procedure.
	-	Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE.
-	Tfirst-SSB is time to first SSB transmission after RRC processing time.


Observation 1: If the SSB of target TCI state is blocked due to the LBT failure, the UE will get stuck within the TCI state switching procedure
As such, according to [1], RAN4 defined a new variable (i.e. L*,max) to count the number of LBT failures of the target SSB.
	L*,max is the maximum number of SSB occasions not available at the UE due to CCA failure for the corresponding state and switching type.


Observation 2: A new variable (i.e. L*,max)  is introduced by RAN4 to count the number of missing SSB(s) of the target TCI state, so as to allow the UE to recover from the LBT failure during the TCI state switching.
According to [1], RAN4 considers the following solutions for the LBT failure recovery:
· Stay in the old state.
· Declare beam failure.
As the gNB knows how many SSB is blocked due to the LBT failure, then the gNB can send a control signalling (e.g. RRC/MAC CE/DCI) to reconfigure the UE at least for the MAC CE-based TCI switching, as the gNB can send the control signalling via the old TCI state.
Observation 3: The gNB knows how many SSBs are missing due to the LBT failure.
However for the RRC-based TCI state switching, RAN4 considers that “the UE is not able to go back to the old TCI state”. Then the gNB is not able to send the control signalling to recover the UE via the old TCI state. Thus RAN4 considers to use the beam failure recovery procedure to allow the UE to recover from the LBT failure.
Observation 4: The intension of declaring beam failure for the missing SSB of RRC-based TCI state switching is to avoid the UE from getting stuck in the TCI switching procedure.
Analysis on the BFR for the missing SSB of TCI State 
According to the current specification, the TCI state switching could occur in either SCell or SpCell. According to the Rel-16 eMIMO discussion, the SCell BFR is different from the SpCell BFR, as list below:
· SCell BFR: The UE reports the BFR MAC CE.
· SpCell BFR: The UE triggers BFR-RACH and reports the BFR MAC CE via Msg3.
For the SCell TCI state switching, as the gNB knows the UE is encountering the LBT issue of the TCI state switching, the gNB can send the control signalling to recover the UE via the PCell. Thus there is no need to handle the SCell TCI state switching failure.
Observation 5: For the SCell TCI stat switching, the gNB by implementation can send the control signalling via PCell to recover the UE at the TCI state switching failure.
Proposal 1: The TCI state switching failure of the SCell does not need to be handled.
For the PCell TCI state switching, during the TCI state switching, the beam failure detection is still kept, given that the BFD RS is configured independently from the TCI state RS. Then if the UE triggers the BFR for the PCell, the UE would need to send the BFR MAC CE via Msg3. Then the gNB does not know whether the RACH is triggered due to the real beam failure or the TCI state switching failure or both.
Observation 6: If the UE triggers the BFR for the PCell TCI state switching failure, the gNB does not know whether the RACH is triggered due to the real beam failure or the TCI state switching failure or both.
On the other hand, the BFR-RACH in the PCell does not change the serving frequency/BWP of the UE. Then the BFR procedure does not really help the UE to recover from the TCI switching failure.
Observation 7: As the BFR-RACH in the PCell does not change the serving frequency/BWP of the UE, declaring beam failure does not help the UE to recover from the LBT failure of the TCI state switching.
Considering the limited time in the Rel-16 NR-U work item, we consider that the PCell TCI state switching failure can trigger RRC connection reestablishment, and the PSCell TCI state switching failure can trigger the failure report via the MCG (alike other SCG failure report).
Proposal 2: The TCI state switching failure of the PCell triggers the RRC connection re-establishment.
Proposal 3: The TCI state switching failure of the PSCell triggers the SCG failure report.
The draft reply LS can be found in [3].
Conclusions
Based on the analysis given above, we have the following observations and proposals:
Observation 1: If the SSB of target TCI state is blocked due to the LBT failure, the UE will get stuck within the TCI state switching procedure
Observation 2: A new variable (i.e. L*,max)  is introduced by RAN4 to count the number of missing SSB(s) of the target TCI state, so as to allow the UE to recover from the LBT failure during the TCI state switching.
Observation 3: The gNB knows how many SSBs are missing due to the LBT failure.
Observation 4: The intension of declaring beam failure for the missing SSB of RRC-based TCI state switching is to avoid the UE from getting stuck in the TCI switching procedure.
Observation 5: For the SCell TCI stat switching, the gNB by implementation can send the control signalling via PCell to recover the UE at the TCI state switching failure.
Observation 6: If the UE triggers the BFR for the PCell TCI state switching failure, the gNB does not know whether the RACH is triggered due to the real beam failure or the TCI state switching failure or both.
Observation 7: As the BFR-RACH in the PCell does not change the serving frequency/BWP of the UE, declaring beam failure does not help the UE to recover from the LBT failure of the TCI state switching.
Proposal 1: The TCI state switching failure of the SCell does not need to be handled.
Proposal 2: The TCI state switching failure of the PCell triggers the RRC connection re-establishment.
Proposal 3: The TCI state switching failure of the PSCell triggers the SCG failure report.
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