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Introduction
In RAN4#93 meeting, the following agreements were reached on active TCI switching requirements for NR-U [1]:
Active TCI State Switching: Known State Requirements
· 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
· Confirm RAN4#92-bis agreement on extending THARQ for MAC-CE based switching
· The exact wording is TBD
Active TCI State Switching: Unknown State Requirements
· 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,known,max or L2MAC,known,max the UE may stop the active TCI state switching procedure and FFS: stay in the old state
· Confirm RAN4#92-bis agreement on extending THARQ for MAC-CE based switching
· The exact wording is TBD


In this paper, we discuss the two remaining issues: UE behavior upon exceeding the maximum threshold of unavailability of reference signal and the exact wording of extending THARQ. We also add a clarification needed on the definition of Tfirst-SSB.
UE behavior in failure to switch active TCI state
RRC-based active TCI state switch:
In this method, as soon as UE starts processing of the active TCI state switch through RRC command, the information about previous TCI state is discarded. This is evident from the following phrase in clause 8.10.5 of TS 38.133: 
“The UE is not required to receive PDCCH/PDSCH or transmit PUCCH/PUSCH until the end of switching period.”
Since UE does not retain the information about the configuration of the old TCI state, unsuccessful TCI state switch (i.e., exceeding LRRC_known_max in known case or L1RRC_unknown_max or L2RRC_unknown_max in unknown case) leads UE to declaring beam failure. 
Proposal 1. For RRC-based active TCI state switch:
a. Upon exceeding LRRC_known_max in known case, UE may stop active TCI state switching procedure and declare beam failure
b. Upon exceeding L1RRC_unknown_max or L2RRC_unknown_max in unknown case, UE may stop active TCI state switching procedure and declare beam failure

MAC-CE-based active TCI state switch:
The R15 requirements for MAC-CE based active TCI state switching is clause 8.10.3 of TS 38.133 is not entirely aligned with RAN1 specifications in TS 38.213 and TS 38.214. The delay requirement and the UE behaviour prior to TCI state switch is being discussed in RRM session and also in our paper [2]. It is proposed to wait for the resolution of this issue in R15 context before its specification in R16 for NR-U. 
Proposal 2. RAN4 to wait for further clarification of R15 MAC-CE based active TCI state switching requirements before its specification in R16 for NR-U.
THARQ in NR-U
We have addressed this issue in [3] and reproduce the main observations and proposals here for the sake of brevity:
Observation 1. R16 HARQ enhancements – non-numerical K1, enhanced dynamic codebook, and one-shot feedback – provide opportunities for HARQ retransmission resulting in potentially different timelines/delays. Moreover, per R15 HARQ procedure, a failed HARQ transmission is treated as NACK and can be scheduled for retransmission by gNB. It is overly and unnecessarily complicated for RAN4 to define extension of THARQ for all of these scenarios. The procedures are already clearly defined in TS 38.213 specification to which RAN4 requirements can simply refer. 
Proposal 3. RAN4 to not define a time limit, even a fixed one, on THARQ and rely on RAN2 procedure for persistent UL LBT failure.
Proposal 4. RAN4 to define THARQ as:
“THARQ (in ms) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]. In the event of UL CCA failure, THARQ extends to the next HARQ feedback retransmission opportunity(ies) as specified in TS 38.213 [3].”
Definition of Tfirst-SSB  
For the sake of discussion, the agreement from RAN4#92-Bis on known RRC-based TCI state switching delay is reproduced here:
Switching delay: RRC-based, known
· For RRC based TCI state switching, the UE is required to receive PDCCH using the new TCI state in
	slot n + TRRC_processing  + TOk*(Tfirst-SSB + TSSB-proc+TSSB* LRRC,known)
LRRC,known ≤LRRC,known,max is the corresponding number of SSB occasions not available at the UE due to CCA failure


The formulation of switching delay requirements has Tfirst-SSB as a parameter where it is defined as “time to first SSB transmission” after RRC processing by UE. However, in NR-U, the SSB transmission may fail due to CCA. Yet, since the agreement above already extends the switching delay due to CCA failure by LRRC,known , the parameter Tfirst-SSB should be rephrased as “time to first SSB instance” after RRC processing by UE. In this way, whether the SSB is transmitted or not, the formulation of switching delay above holds true. 
Proposal 5. Definition of the parameter Tfirst-SSB should be modified in NR-U from “time to first SSB transmission” to “time to first SSB instance” to reflect the possibility of transmission failure due to CCA. 
Conclusions
Proposal 1. For RRC-based active TCI state switch:
a. Upon exceeding LRRC_known_max in known case, UE may stop active TCI state switching procedure and declare beam failure
b. Upon exceeding L1RRC_unknown_max or L2RRC_unknown_max in unknown case, UE may stop active TCI state switching procedure and declare beam failure

Proposal 2. RAN4 to wait for further clarification of R15 MAC-CE based active TCI state switching requirements before its specification in R16 for NR-U.
Observation 1. R16 HARQ enhancements – non-numerical K1, enhanced dynamic codebook, and one-shot feedback – provide opportunities for HARQ retransmission resulting in potentially different timelines/delays. Moreover, per R15 HARQ procedure, a failed HARQ transmission is treated as NACK and can be scheduled for retransmission by gNB. It is overly and unnecessarily complicated for RAN4 to define extension of THARQ for all of these scenarios. The procedures are already clearly defined in TS 38.213 specification to which RAN4 requirements can simply refer. 
Proposal 3. RAN4 to not define a time limit, even a fixed one, on THARQ and rely on RAN2 procedure for persistent UL LBT failure.
Proposal 4. RAN4 to define THARQ as:
“THARQ (in ms) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]. In the event of UL CCA failure, THARQ extends to the next HARQ feedback retransmission opportunity(ies) as specified in TS 38.213 [3].”
Proposal 5. Definition of the parameter Tfirst-SSB should be modified in NR-U from “time to first SSB transmission” to “time to first SSB instance” to reflect the possibility of transmission failure due to CCA. 
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