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1 Introduction
In this paper, we provide our view on TCI state switch requirements for NR-U.  
2 Discussion
In the previous meeting, the MAC based and RRC based TCI switch requirements for NR-U have been discussed as below: 
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RRC based TCI switch
For RRC-based TCI switch, it has being discussed the UE behavior when the TCI switch delay is extended too long. In this scenario, it assumed only one TCI state in the RRC table, so when the TCI is reconfigured, then the old TCI would be flushed away. 
And it can be observed that beam failure detection and radio link monitoring will automatically take place, and no new mechanism to declare beam failure based on TCI switch is needed. If the RLM-RS and BFD-RS are explicitly configured in RadioLinkMonitoringRS, the BFD and RLM will take place regardless the TCI reconfiguration. If the RLM-RS and BFD-RS are implicitly configured, the corresponding beam failure recovery and RLF will be triggered when the new TCI is not available for a long time, subject to the BFD/RLM requirement for NR-U. 
[bookmark: _Ref37408887]Observation 1: If the RLM-RS and BFD-RS are explicitly configured in RadioLinkMonitoringRS, the BFD and RLM will take place regardless the TCI reconfiguration.
[bookmark: _Ref37408890]Observation 2: If the RLM-RS and BFD-RS are implicitly configured, the corresponding beam failure recovery and RLF will be triggered when the new TCI is not available for a long time.
In addition, one beam failure indication could not trigger beam failure recovery procedure, if beamFailureInstanceMaxCount is larger than one.
[bookmark: _Ref37408893]Observation 3: Only one indication of beam failure triggered by RRC based TCI switch procedure would be useless, when beamFailureInstanceMaxCount is larger than one. 
Since the DL LBT failures is known at network, upon exceeding LRRC,max, network is able to re-trigger another up-to-date TCI to override the original TCI switch command, either though time resource other than DRS transmission or through other cells. Note that consistent LBT failure on DRS transmission does not means network has no chance to further update the TCI-sate through data channels. 
[bookmark: _Ref31884264][bookmark: _Ref37020971]Observation 4: Since the DL LBT failure is known at network, network can trigger another new TCI state switch, upon exceeding LRRC,max. 
Therefore, the specific requirement for beam failure indication upon exceeding LRRC,known,max is not necessary, based on the above observations.  
[bookmark: _Ref37020980]Proposal 1: For RRC based TCI switch, upon exceeding LRRC,known,max, the UE may stop the TCI switching procedure. No specific requirements should be defined for the beam failure declaration upon exceeding LRRC,known,max.
According to section 5, TS38.213, beam failure indication is provided subjected to beam failure detection procedure, i. e. when the radio link quality is worse than the threshold Qout,LR. And the triggering of beam failure recovery procedure upon the receiving of beam failure indication has been specified in section 5.17, TS 38.321. Therefore, if the beam failure indication or the beam failure recovery procedure will be triggered by the reason other than beam failure detection, e.g. upon exceeding LRRC,known,max, LS to RAN1 and RAN2 will be required.  
[bookmark: _Ref37021026]Observation 5: Beam failure is indicated based on beam failure detection procedure, instead of TCI switch procedure.
[bookmark: _Ref37021008]Proposal 2: LS to RAN1 and RAN2 is required, if TCI switch procedure is introduced to indicate beam failure or trigger beam failure recovery procedure. 

MAC based TCI switch
It can be observed that the DL LBT failures are mainly caused by high loading on the current carrier, and the TCI switch cannot resolve the loading problem. In the other words, staying in the old TCI state or switching to the new TCI state would encounter the similar DL LBT failure rate. 
[bookmark: _Ref31884259]Observation 6: Exceeding the maximum period is led by heavy loading on the unlicensed band, and staying in the old TCI will still encounter the high DL LBT failure rate.

Besides, the active TCI state switching is triggered by beam management purpose. If the beam with the old TCI state is getting worse, network would switch the beam to the new TCI state. When the DL LBT failure occurs too often during the TCI switch process, the reason for network to trigger TCI state switch should still be valid, i.e. the beam with old TCI state is still bad. Therefore, if UE stays in the old TCI state, it will lose the opportunity to apply better beam and increase the probability of beam failure.
[bookmark: _Ref31884262]Observation 7: Staying in the old TCI state will increase the probability of beam failure, because the reason for network to trigger TCI state switch should still be valid even after several LBT failures.  
Based on the above discussion, there is no clear benefit for UE to stay on the old TCI. On the other hand, some benefits can be observed if UE is allowed to keep trying with the new TCI-state, e.g. if UE will be able to switch to the new TCI once the DRS is successfully transmitted. 
[bookmark: _Ref37021048]Observation 8: If UE is allowed to keep trying with the new TCI-state, UE will be able to switch to the new TCI once the DRS is successfully transmitted.  
It can be also observed that one ongoing discussion in Rel-15 on whether to support the quick MAC-CE based TCI switch, i.e. whether UE is required to stay on the old TCI after THARQ + 3 ms, or to keep current requirement not changed as UE staying on the old TCI for a longer time. We believe the UE behavior should be consistent. In other words, if the quick MAC-CE based TCI switch is supported in Rel-15, then UE should not be required to stay on the old TCI upon exceeding LMAC,known,max.
[bookmark: _Ref37021057]Proposal 3: For MAC-CE based TCI switch, upon exceeding LMAC,known,max, the UE is not required to stay on the old TCI, if RAN4 agrees that UE is not required to stay on old TCI after THARQ + 3 ms in Rel-15 baseline requirements. 



3 Summary
In this paper, TCI state switch requirements for NR-U have been discussed. We have the following observations and proposals:
Observation 1: If the RLM-RS and BFD-RS are explicitly configured in RadioLinkMonitoringRS, the BFD and RLM will take place regardless the TCI reconfiguration.
Observation 2: If the RLM-RS and BFD-RS are implicitly configured, the corresponding beam failure recovery and RLF will be triggered when the new TCI is not available for a long time.
Observation 3: Only one indication of beam failure triggered by RRC based TCI switch procedure would be useless, when beamFailureInstanceMaxCount is larger than one.
Observation 4: Since the DL LBT failure is known at network, network can trigger another new TCI state switch, upon exceeding LRRC,max. 
Proposal 1: For RRC based TCI switch, upon exceeding LRRC,known,max, the UE may stop the TCI switching procedure.
Observation 5: Beam failure is indicated based on beam failure detection procedure, instead of TCI switch procedure.
Proposal 2: LS to RAN1 and RAN2 is required, if TCI switch procedure is introduced to indicate beam failure or trigger beam failure recovery procedure.
Observation 6: Exceeding the maximum period is led by heavy loading on the unlicensed band, and staying in the old TCI will still encounter the high DL LBT failure rate.
Observation 7: Staying in the old TCI state will increase the probability of beam failure
Observation 8: If UE is allowed to keep trying with the new TCI-state, UE will be able to switch to the new TCI
Proposal 3: For MAC-CE based TCI switch, upon exceeding LMAC,known,max, the UE is not required to stay on the old TCI, if RAN4 agrees that UE is not required to stay on old TCI after THARQ + 3 ms in Rel-15 baseline requirements. 
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