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Introduction
[bookmark: _Hlk528065575]During the discussion on UE requirements for active TCI state switching in NR-U, RAN4 has made the following agreements:

RAN4#94-e:
· RRC-based: FFS: need for RAN2 LS if the UE declares beam failure upon exceeding L1RRC,unknown,max or L2RRC,unknown,max
In the RAN4 LS [1], RAN4 has asked RAN2 the below question:

“In order to proceed, RAN4 would like to ask for the feedback from RAN2 and RAN1 on whether the UE shall declare beam failure due to LBT failures when configured with RRC-based active TCI state switching. Unlike with MAC-CE based active TCI state switching, the UE is not able to go back to the old TCI state either. At the same time, the UE’s TCI state in this scenario has to be unambiguously known.”

In this paper we discuss the above question and express our views accordingly. 
Discussion
As specified in the 3GPP spec 38.133 clause 8.10.5, the NR Rel-15 requirements for RRC based TCI state switch delay apply when only 1 TCI state is configured in RRC TCI state list.
If the target TCI state is known, upon receiving PDSCH carrying RRC activation command at slot n, UE shall be able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs no later than at slot 
n+ TRRC_processing +TOk*(Tfirst-SSB + TSSB-proc) / NR slot length         		(1)
If the target TCI state is unknown, upon receiving PDSCH carrying RRC activation command at slot n, UE shall be able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs no later than at slot 
n+ (TRRC_processing +TL1-RSRP +TOuk*(Tfirst-SSB + TSSB-proc)) / NR slot length		(2)
In the formula (1) and (2), the switching delay requirements has Tfirst-SSB as a parameter where it is defined as “time to first SSB transmission”. However, for NR based unlicensed operation, SSB transmission may fail due to CCA/LBT failures. As a result, the UE may not be able to complete the TCI state switching within the required maximum time period.
Similar observations are also valid for MAC CE based TCI state switch.
In NR Rel-15, the TCI state switch delay requirement captured in the formulas (1) and (2) assumes that there is no SSB transmission failure.
[bookmark: _Toc40976716]SSB transmission may fail due to CCA/LBT failures, which will cause the TCI state switching (RRC or MAC CE based) to not complete within the required maximum time period.

For unlicensed operation, RAN4 has agreed to relax the latency requirements for SSB reading considering the potential LBT failures in DL. They are highlighted as below
RAN4#94:
Known state:
· RRC-based:
· LRRC,known,max =[2] for TSSB≤40 ms, LRRC,known,max =[1] for TSSB>40 ms
· Upon exceeding LRRC,known,max the UE may stop the active TCI state switching procedure and FFS: declare beam failure
· MAC-CE based:
· LMAC,known,max =[2] for TSSB≤40 ms, LMAC,known,max =[1] for TSSB>40 ms
· Upon exceeding LMAC,known,max the UE may stop the active TCI state switching procedure and FFS: stay in the old state
Unknown state:
· RRC-based:
· L1RRC,unknown,max =[2] for TCSI-RS/SSB ≤40 ms, L1MAC,unknown,max = [1] for TCSI-RS/SSB>40 ms
· L2RRC,unknown,max =[2] for TSSB ≤40 ms, L2MAC,unknown,max = [1] for TSSB>40 ms 
· Upon exceeding L1RRC,unknown,max or L2RRC,unknown,max the UE may abandon the active TCI state switching procedure and FFS: declare beam failure
· MAC-CE based switching:
· L1MAC,unknown,max = [2] for TCSI-RS/SSB≤40 ms, L1MAC,unknown,max = [1] for TCSI-RS/SSB>40 ms
· L2MAC,unknown,max =[2] for TSSB≤40 ms, L2MAC,unknown,max = [1] for TSSB>40 ms
· Upon exceeding L1MAC,unknown,max or L2MAC,unknown,max the UE may stop the active TCI state switching procedure and FFS: stay in the old state

In the above, 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.
Accordingly, the TCI state switch delay requirement will be relaxed considering the L*,max.
[bookmark: _Toc40976717]A maximum number of SSB occasions not available at the UE due to CCA failure for each state and switching type have been introduced by RAN4. This relax the TCI state switch requirement compared to legacy.
During a TCI state switch procedure, after the UE receives the RRC state switch command, if the gNB fails LBT many times (more than L*,max), as mentioned in the above, UE will not able to switch to the new TCI state within the required maximum time period. 
It is undesired for the UE to keep attempting the beam associated with the new TCI state, since it is likely the new beam is suffering from channel blocking. As a fallback option, the UE can keep staying in the old TCI state, which will sooner or later trigger the UE to declare BF.

[bookmark: _Toc40976718]In case of TCI state switch failure, it is undesired for the UE to keep attempting the beam associated with the new TCI state, since it is likely the new beam is suffering from channel blocking.
[bookmark: _Toc40976719]In case of TCI state switch failure, as a fallback option, the UE may stay in the old TCI state, which will sooner or later trigger the UE to declare BF.
However, for RRC based TCI state switch as pointed in the RAN4 LS [1],
"Unlike with MAC-CE based active TCI state switching, the UE is not able to go back to the old TCI state either. At the same time, the UE’s TCI state in this scenario has to be unambiguously known"

[bookmark: _Toc40976720]In case of TCI state switch failure for RRC based active TCI state switching, unlike MAC-CE based active TCI state switching, the UE is not able to go back to the old TCI state.
This need to be addressed. Therefore, the RAN4 proposed solution makes sense to RAN2, i.e., let the UE to declare BF, which further triggers the UE to perform the BFR to recover from the failures.

Proposal 1 [bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc40976721]RAN2 agrees with RAN4’s suggestion that the UE shall declare beam failure when the number of missed SSB occasions exceed the threshold during RRC-based active TCI state switching.

In case of RRC based active TCI state switching failure, the UE will not be able to receive any reference signals associated with the new TCI state and the link quality will be declared to be below the configured threshold. The BFD and BFR mechanism specified in Rel-15 will trigger BF and recovery actions. In other words, there is no additional enhancement needed regarding this case.

Proposal 2 [bookmark: _Toc40976722]The NR Rel-15 BFD and BFR mechanism is enough to handle RRC based TCI state switching failure caused by DL LBT failures. No additional enhancement is needed for Rel-16.
Conclusion
In the previous sections we made the following observations: 
Observation 1	SSB transmission may fail due to CCA/LBT failures, which will cause the TCI state switching (RRC or MAC CE based) to not complete within the required maximum time period.
Observation 2	A maximum number of SSB occasions not available at the UE due to CCA failure for each state and switching type have been introduced by RAN4. This relax the TCI state switch requirement compared to legacy.
Observation 3	In case of TCI state switch failure, it is undesired for the UE to keep attempting the beam associated with the new TCI state, since it is likely the new beam is suffering from channel blocking.
Observation 4	In case of TCI state switch failure, as a fallback option, the UE may stay in the old TCI state, which will sooner or later trigger the UE to declare BF.
Observation 5	In case of TCI state switch failure for RRC based active TCI state switching, unlike MAC-CE based active TCI state switching, the UE is not able to go back to the old TCI state.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 agrees with RAN4’s suggestion that the UE shall declare beam failure when the number of missed SSB occasions exceed the threshold during RRC-based active TCI state switching.
Proposal 2	The NR Rel-15 BFD and BFR mechanism is enough to handle RRC based TCI state switching failure caused by DL LBT failures. No additional enhancement is needed for Rel-16.
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