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1 Introduction

The following has been agreed [1] on the active TCI state switching and active TCI state list update for NR-U in RAN4#92:
· The known TCI state definition needs to be updated for NR-U

· Failure to receive DRS due to DL LBT failure, results in a longer time necessary to complete the active TCI state switching

· In the TCI requirements limit the maximum acceptable number of missed DRS occasions due to LBT

· FFS on UE behavior if the maximum acceptable number is exceeded

·  Failure to transmit ACK due to UL LBT failure (when the ACK is transmitted on unlicensed carrier) may result in a longer procedure delay due to UE re-attempt to transmit

In this contribution, we further discuss the active TCI state switching requirements for NR-U.
2 TCI Switching in NR

TCI state describes QCL relation for a reference signal or SSB and CORESET/PDSCH configured in a specific cell with cell ID within a specific bandwidth part with BWP ID. An NR UE can be configured with one or more TCI state configurations on serving cell in MR-DC or standalone NR. There can be one or more active TCI states in the active TCI states list, and the UE can perform active TCI state switching upon different triggers (e.g., RRC-based switching, MAC CE based switching, DCI-base switching).

There are two types of requirements related to TCI states:

· Active TCI state switching delay, and
· Active TCI state list update.

2.1 Switching to a known TCI state

MAC-CE based TCI state switching: the UE is required to receive PDCCH using the new TCI state (after switching or the active TCI state list update) in 

slot n + THARQ + 3 ms + TOk*(Tfirst-SSB + TSSB-proc),

and receive PDCCH using the old TCI state until 

slot n + THARQ + 3 ms + TOk*(Tfirst-SSB),

when a PDSCH carrying MAC-CE is received in slot n. The 3 ms added is for decoding of the MAC message, which is carried out after decoding PDSCH.

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),

when a PDSCH carrying the RRC message is received in slot n. There is no requirement on receiving PDCCH using the old TCI state during the switching period.

In the above:

TOk=0 when the target TCI state is in the list of active TCI states for PDSCH, and TOk=1 otherwise (UE needs to synchronize to SSB before starting reception on PDCCH using the new TCI state);

Tfirst-SSB and TSSB-proc is the time between reception of TCI switching command and the first available SSB associated with the target TCI state, and the time for processing of said SSB; 

THARQ is the time between reception of a PDSCH transport block and transmission by the UE to the network node of an ACK or NACK on sucessful or unsucessful decoding of said transport block;

TRRC_processing is the time between receiving PDSCH with RRC message and having fully decoded RRC message. 

DCI based TCI state switching (target TCI state must be a part of the active TCI states list): the UE has to switch to the new TCI state without first synchronizing to an SSB associated with the target TCI state but needs time (timeDurationForQCL, specified in TS 38.306) to perform PDCCH reception and apply spatial QCL information received in DCI.

2.2 Switching to an unknown TCI state

MAC-CE based switching: UE is required to receive PDCCH using the new TCI state in

slot n + THARQ + 3 ms + TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc),

and receive PDCCH using the old TCI state until 

slot n + THARQ + 3 ms + TL1-RSRP + TOuk*(Tfirst-SSB),

when a PDSCH carrying MAC-CE is received in slot n.

RRC based switching: UE is required to receive PDCCH using the new TCI state in 

slot n + TRRC_processing  + TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc).
There is no requirement on receiving PDCCH using the old TCI state during the switching.

For the unknown case, the UE performs also L1-RSRP measurements (during TL1-RSRP) on SSBs or CSI-RS depending on the configuration provided by the network node. If the L1-RSRP is on CSI-RS, the UE needs additional time for synchronizing to SSB before being ready to receive PDCCH using the new TCI state (hence TOuk= 0 for SSB-based L1-RSRP, and TOuk= 1 for CSI-RS L1-RSRP).
3 Known TCI state definition in NR-U
In NR-U, SSBs may still be transmitted via different beams and the UE may be configured with multiple states, hence the TCI state switching requirements are also needed in NR-U where LBT may be performed in DL or in DL and UL by the respective nodes. 

In presence of LBT, the UE needs to correctly differentiate between known and unknown states and also complete the active TCI state switching and list update procedures within specified delays.

In TS 38.133, 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.

To adapt the known TCI state definition for NR-U, a few aspects need to be updated, including the time since the last transmission or measurement of the target TCI state, UE ability to send reports in presence of UL LBT, detectability which cannot be always guaranteed due to LBT, etc.
· Proposal 1: TCI state remains detectable during the TCI switching period meeting the SNR of the TCI state condition, which is ≥ -3dB, in the occasions where the SSB is available at the UE.
· Proposal 2: The maximum time between receiving of the TCI state switching command and the last transmission of the RS resource for beam reporting or measurement for the target TCI state is extended, e.g., [1280]+ L*TSSB ms+(, where L is the number of measurement occasions with SSBs not available at the UE due to CCA, and ( is the reporting delay due to UL LBT failure and UE reattempt to report at least 1 measurement for the target TCI state provided the UL resources are configured for the UE ((=0 for channel access category 1).

· Proposal 3: The maximum values of L and ( are TBD, upon exceeding which the UE shall assume the TCI state is unknown.
4 Active TCI state switching in NR-U for a known cell
4.1 MAC-CE based switching 
The UE is required to receive PDCCH using the new TCI state (after switching or the active TCI state list update) in 

slot n + (THARQ,ref+(HARQ) + 3 ms + TOk*(Tfirst-SSB + TSSB-proc+TSSB*LMAC,known),

and receive PDCCH using the old TCI state until 

slot n + (THARQ,ref+(HARQ) + 3 ms + TOk*(Tfirst-SSB +TSSB*LMAC,known),

when a PDSCH carrying MAC-CE is received in slot n, 

where:

3 ms are added is for decoding of the MAC message, which is carried out after decoding PDSCH,

THARQ,ref is the time between reception of a PDSCH transport block and transmission by the UE to the network node of an ACK or NACK on sucessful or unsucessful decoding of said transport block as specified in TS 38.213 [3],
(HARQ is the delay in HARQ feedback due to UL LBT failure and UE reattempt to transmit HARQ feedback provided the UL resources are configured for the UE ((HARQ =0 for channel access category 1),
LMAC,known is the corresponding number of SSB occasions not available at the UE due to CCA failure,

TSSB is the SSB periodicity.

· Proposal 4: For MAC-CE based TCI state switching, the UE is required to receive PDCCH using the new TCI state (after switching or the active TCI state list update) in 

slot n + (THARQ,ref+(HARQ) + 3 ms + TOk*(Tfirst-SSB+TSSB-proc+TSSB*LMAC,known),

and receive PDCCH using the old TCI state until 

slot n + (THARQ,ref+(HARQ) + 3 ms + TOk*(Tfirst-SSB+TSSB*LMAC,known),

where the parameters are as defined above.
· Proposal 5: The maximum value of (HARQ is TBD, upon exceeding which the UE may stop attempting to transmit HARQ feedback and may abandon the active TCI state switching procedure.

· Proposal 6: The maximum value of LMAC,known is TBD and may depend on TSSB, upon exceeding which the UE may stop the switching and abandon the active TCI state switching procedure.

4.2 RRC based 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),

when a PDSCH carrying the RRC message is received in slot n. There is no requirement on receiving PDCCH using the old TCI state during the switching period, where

LRRC,known is the corresponding number of SSB occasions not available at the UE due to CCA failure,

TSSB is the SSB periodicity.

· Proposal 7: 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),

where the parameters are as defined above.
· Proposal 8: The maximum value of LRRC,known is TBD and may depend on TSSB, upon exceeding which the UE may stop the switching and abandon the active TCI state switching procedure.

5 Active TCI state switching in NR-U for an unknown cell

5.1 MAC-CE based switching
The UE is required to receive PDCCH using the new TCI state in

slot n+(THARQ,ref+(HARQ)+3 ms+(TL1-RSRP+TCSI-RS/SSB*L1MAC,unknown)+TOuk*(Tfirst-SSB+TSSB-proc+TSSB*L2MAC,unknown),

and receive PDCCH using the old TCI state until 

slot n+(THARQ,ref+(HARQ)+3 ms+(TL1-RSRP+TCSI-RS/SSB*L1MAC,unknown)+TOuk*(Tfirst-SSB+TSSB*L2MAC,unknown),

when a PDSCH carrying MAC-CE is received in slot n,
where

THARQ,ref is the time between reception of a PDSCH transport block and transmission by the UE to the network node of an ACK or NACK on sucessful or unsucessful decoding of said transport block as specified in TS 38.213 [3],
(HARQ is the delay in HARQ feedback due to UL LBT failure and UE reattempt to transmit HARQ feedback provided the UL resources are configured for the UE ((HARQ =0 for channel access category 1),

L1MAC,unknown is the corresponding number of occasions with the signal measured for L1-RSRP not available at the UE due to CCA failure,

L2MAC,unknown is the corresponding number of SSB occasions not available at the UE due to CCA failure,

TCSI-RS/SSB is the periodicity of the signal measured for L1-RSRP (SSB or CSI-RS),

TSSB is the SSB periodicity.

· Proposal 9: For MAC-CE based switching, UE is required to receive PDCCH using the new TCI state in

slot n+(THARQ,ref+(HARQ)+3 ms+(TL1-RSRP+TCSI-RS/SSB*L1MAC,unknown)+TOuk*(Tfirst-SSB+TSSB-proc+TSSB*L2MAC,unknown),

and receive PDCCH using the old TCI state until 

slot n+(THARQ,ref+(HARQ)+3 ms+(TL1-RSRP+TCSI-RS/SSB*L1MAC,unknown)+TOuk*(Tfirst-SSB+TSSB*L2MAC,unknown),

where the parameters are as defined above.
· Proposal 10: The maximum value of (HARQ is TBD, upon exceeding which the UE may stop attempting to transmit HARQ feedback and may abandon the active TCI state switching procedure.

· Proposal 11: The maximum value of L1MAC,unknown is TBD and may depend on TCSI-RS,SSB, upon exceeding which the UE may restart the L1-RSRP measurement, but the UE may abandon the active TCI state switching procedure after N unsuccessful attempts to complete the L1-RSRP measurement.

· Proposal 12: The maximum value of L2MAC,unknown is TBD and may depend on TSSB, upon exceeding which the UE may stop the switching and abandon the active TCI state switching procedure.
5.2 RRC based switching
The UE is required to receive PDCCH using the new TCI state in 

slot n + TRRC_processing  + (TL1-RSRP + TCSI-RS/SSB*L1RRC,unknown) + TOuk*(Tfirst-SSB + TSSB-proc+TSSB* L2RRC,unknown),
where
L1RRC,unknown is the corresponding number of occasions with the signal measured for L1-RSRP not available at the UE due to CCA failure,

L2RRC,unknown is the corresponding number of SSB occasions not available at the UE due to CCA failure,

TCSI-RS/SSB is the periodicity of the signal measured for L1-RSRP (SSB or CSI-RS),

TSSB is the SSB periodicity.

· Proposal 13: For RRC-based switching, the UE is required to receive PDCCH using the new TCI state in 

slot n + TRRC_processing  + (TL1-RSRP + TCSI-RS/SSB*L1RRC,unknown) + TOuk*(Tfirst-SSB + TSSB-proc+TSSB* L2RRC,unknown),
where the parameters are as defined above.
· Proposal 14: The maximum value of L1RRC,unknown is TBD and may depend on TCSI-RS,SSB, upon exceeding which the UE may restart the L1-RSRP measurement, but the UE may abandon the active TCI state switching procedure after N unsuccessful attempts to complete the L1-RSRP measurement.

· Proposal 15: The maximum value of L2RRC,unknown is TBD and may depend on TSSB, upon exceeding which the UE may stop the switching and abandon the active TCI state switching procedure.
6 Summary

The following have been proposed in this contribution.

· Proposal 1: TCI state remains detectable during the TCI switching period meeting the SNR of the TCI state condition, which is ≥ -3dB, in the occasions where the SSB is available at the UE.
· Proposal 2: The maximum time between receiving of the TCI state switching command and the last transmission of the RS resource for beam reporting or measurement for the target TCI state is extended, e.g., [1280]+ L*TSSB ms+(, where L is the number of measurement occasions with SSBs not available at the UE due to CCA, and ( is the reporting delay due to UL LBT failure and UE reattempt to report at least 1 measurement for the target TCI state provided the UL resources are configured for the UE ((=0 for channel access category 1).

· Proposal 3: The maximum values of L and ( are TBD, upon exceeding which the UE shall assume the TCI state is unknown.

· Proposal 4: For MAC-CE based TCI state switching, the UE is required to receive PDCCH using the new TCI state (after switching or the active TCI state list update) in 

slot n + (THARQ,ref+(HARQ) + 3 ms + TOk*(Tfirst-SSB+TSSB-proc+TSSB*LMAC,known),

and receive PDCCH using the old TCI state until 

slot n + (THARQ,ref+(HARQ) + 3 ms + TOk*(Tfirst-SSB+TSSB*LMAC,known),

where the parameters are as defined above.

· Proposal 5: The maximum value of (HARQ is TBD, upon exceeding which the UE may stop attempting to transmit HARQ feedback and may abandon the active TCI state switching procedure.

· Proposal 6: The maximum value of LMAC,known is TBD and may depend on TSSB, upon exceeding which the UE may stop the switching and abandon the active TCI state switching procedure.

· Proposal 7: 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),

where the parameters are as defined above.
· Proposal 8: The maximum value of LRRC,known is TBD and may depend on TSSB, upon exceeding which the UE may stop the switching and abandon the active TCI state switching procedure.

· Proposal 9: For MAC-CE based switching, UE is required to receive PDCCH using the new TCI state in

slot n+(THARQ,ref+(HARQ)+3 ms+(TL1-RSRP+TCSI-RS/SSB*L1MAC,unknown)+TOuk*(Tfirst-SSB+TSSB-proc+TSSB*L2MAC,unknown),

and receive PDCCH using the old TCI state until 

slot n+(THARQ,ref+(HARQ)+3 ms+(TL1-RSRP+TCSI-RS/SSB*L1MAC,unknown)+TOuk*(Tfirst-SSB+TSSB*L2MAC,unknown),

where the parameters are as defined above.
· Proposal 10: The maximum value of (HARQ is TBD, upon exceeding which the UE may stop attempting to transmit HARQ feedback and may abandon the active TCI state switching procedure.

· Proposal 11: The maximum value of L1MAC,unknown is TBD and may depend on TCSI-RS,SSB, upon exceeding which the UE may restart the L1-RSRP measurement, but the UE may abandon the active TCI state switching procedure after N unsuccessful attempts to complete the L1-RSRP measurement.

· Proposal 12: The maximum value of L2MAC,unknown is TBD and may depend on TSSB, upon exceeding which the UE may stop the switching and abandon the active TCI state switching procedure.

· Proposal 13: For RRC-based switching, the UE is required to receive PDCCH using the new TCI state in 

slot n + TRRC_processing  + (TL1-RSRP + TCSI-RS/SSB*L1RRC,unknown) + TOuk*(Tfirst-SSB + TSSB-proc+TSSB* L2RRC,unknown),
where the parameters are as defined above.
· Proposal 14: The maximum value of L1RRC,unknown is TBD and may depend on TCSI-RS,SSB, upon exceeding which the UE may restart the L1-RSRP measurement, but the UE may abandon the active TCI state switching procedure after N unsuccessful attempts to complete the L1-RSRP measurement.

· Proposal 15: The maximum value of L2RRC,unknown is TBD and may depend on TSSB, upon exceeding which the UE may stop the switching and abandon the active TCI state switching procedure.
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