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 Joint TCI state switch requirements
In last meeting RAN4 agreed to define requirements for following type of TCI state switch. 
· DCI based TCI state switch
· It was agreed that RAN4 specify DCI based DL/UL TCI state switch delay for unified TCI based on RAN1 agreements on beam application time (BAT) . FFS on detailed wording to be included in specification.
· MAC-CE based TCI state switch
· It was agreed that no extra requirement is needed to be defined for Joint TCI mode, DL and UL requirements can be applicable independently

  Separate TCI state switch requirements
Similar to joint TCI state switching framework, separate TCI state switch framework also supports 2 types of TCI state switch method.
· DCI based TCI state switch
· It was agreed that RAN4 specify DCI based DL/UL TCI state switch delay for unified TCI based on RAN1 agreements on beam application time (BAT) . FFS on detailed wording to be included in specification.
· MAC-CE based TCI state switch
MAC CE based TCI state activation delay requirements:
Separate TCI state switching based on MAC-CE can change both DL and UL TCI states. Further it is assumed that same or different DL RS is configured as QCL source for DL and UL.
In our understanding both DL and UL TCI state switch related procedures are performed in parallel. Similar to legacy requirements, starting point should be MAC CE reception and the ending point in our view is the later point of DL or UL TCI state switch. Since UE need to acquire pathloss for UL TCI state switching, in general UL TCI state switching takes longer time than DL TCI state switching. Pathloss computation further depends on whether PL-RS is known or unknown and if PL-RS is known, it further depends on whether PL-RS is maintained or non-maintained. 
In last meeting following was agreed in the WF. 
MAC-CE based UL TCI state switching delay in separate UL/DL mode
· Known TCI case: 
· THARQ + 3ms + NM*(Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)
· NM is equal to 1 if PL-RS is not maintained, and equal to 0 otherwise
· FFS whether NM is allowed to be equal to 1 in Rel-17 specification
· Unknown TCI case: 
· THARQ + 3ms + TL1-RSRP + (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)
· Requirements will be defined for beam alignment case

As per the WF, one of the open issue after last meeting was whether NM=1 (PL-RS non-maintained) is allowed in Rel-17. As discussed in last meeting, UE could be configured with larger set (e.g., 8 PL-RS) of PL-RS, whereas UE may maintain only a sub-set (e.g., 4) of PL-RS from the larger set. Since UE can be configured PL-RS from the larger set, we think RAN4 should consider non-maintained case too.   

Proposal 1: RAN4 to agree that NM=1 is allowed in Rel-17 and shall define requirements for non-maintained case. 

Delay requirements for TCI switching in CA case
In last meeting couple of issues were discussed w.r.t CA case. One is CA scenario in cross carrier scheduling case and other is common TCI state switching in CA case. 
For CA scenario where cross carrier scheduling is assumed, same requirements can be applied with one change based on the following RAN1 agreement “On Rel-17 DCI-based beam indication, regarding application time of the beam indication for CA, the first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication”
Proposal 2: For CA cross-carrier scheduling, RAN4 to agree that, when a DCI based TCI state switch command is received at slot n, and sends ACK at slot n+TACK, it should be able to receive on the new beam at n+TACK+ TBAT. Where TBAT is signalled by the gNB based on the UE capability and the slot and beam application time are based on the carrier with smallest SCS.

Another issue discussed was common TCI state switching requirements in CA case. From the below RAN1 agreement, we can treat common TCI state update as single TCI state update as UE need to get information of only single RS.  

•	The common TCI state ID implies that the same/single RS determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL Type-D indication and to determine UL TX spatial filter across the set of configured CCs

Proposal 3: Single TCI state switching requirements shall be reused for common TCI state switching requirements. 

Further, based on following RAN1 agreement, for DCI based common TCI state switch delay shall be TBAT.

On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the UE can assume that one beam application time (BAT) for a given SCS is configured for all the CCs configured with the common TCI state ID update,
· Note: It was agreed that the BAT associated with the carrier(s) (hence BWP(s)/CC(s)) on which the beam indication applies is determined based on the carrier with the smallest SCS among the carrier(s) (hence BWP(s)/CC(s)) applying the beam indication

Proposal 4: DCI based common TCI switch delay shall follow the RAN1 agreement. That means, when a UE receive DCI based TCI state switch command at slot n, and sends ACK at slot n+TACK, UE should be able to receive on the new beam at n+TACK+ TBAT.

UL TCI state switching requirements
In last meeting it was agreed that UL TCI state switching requirements are defined for beam alignment case. Beam alignment definition is discussed and following WF is agreed. 

· [bookmark: _Hlk95745500]RAN4 will further study and confirm the below beam alignment defination as applicability scenario for uplink TCI switching requirements
· If PL-RS is included in UL TCI or joint TCI, PL-RS is identical to the source RS in UL or joint TCI
· If PL-RS is associated UL TCI or joint TCI, PL-RS and source RS in UL or joint TCI is QCL-Type D.

RAN1 agreement on beam alignment (in RAN1#106-e meeting) is copied below for reference.

On path-loss measurement for Rel.17 unified TCI framework, at least for discussion purposes:
· “Beam alignment” is defined as follows: 
· The event that the PL-RS is identical to the spatial relation RS in the UL or (if applicable) joint TCI state. 
· FFS: how to define “beam alignment” if the PL-RS and the spatial relation RS in the UL or (if applicable) joint TCI state are not identical
· Any other case, it is defined as beam misalignment

As we can observe, first point of the WF is direct replica of RAN1 agreement and we are fine with it. Second point may need bit of wording change (as proposal 5) as the current wording is not clear.
Proposal 5: RAN4 to agree on following beam alignment definition as applicability scenario for uplink TCI switching requirements. 
· If PL-RS is included in UL TCI or joint TCI, PL-RS is identical to the source RS in UL or joint TCI
· If PL-RS is associated with UL TCI or joint TCI, PL-RS and source RS of the UL TCI or joint TCI are QCL-Type D.

Summary and Conclusion
In this contribution we have analysed RRM requirement for unified TCI state design requirements and made following proposals. 
Proposal 1: RAN4 to agree that NM=1 is allowed in Rel-17 and shall define requirements for non-maintained case. 

Proposal 2: For CA cross-carrier scheduling, RAN4 to agree that, when a DCI based TCI state switch command is received at slot n, and sends ACK at slot n+TACK, it should be able to receive on the new beam at n+TACK+ TBAT. Where TBAT is signalled by the gNB based on the UE capability and the slot and beam application time are based on the carrier with smallest SCS.

Proposal 3: Single TCI state switching requirements shall be reused for common TCI state switching requirements. 

Proposal 4: DCI based common TCI switch delay shall follow the RAN1 agreement. That means, when a UE receive DCI based TCI state switch command at slot n, and sends ACK at slot n+TACK, UE should be able to receive on the new beam at n+TACK+ TBAT.

Proposal 5: RAN4 to agree on following beam alignment definition as applicability scenario for uplink TCI switching requirements. 
· If PL-RS is included in UL TCI or joint TCI, PL-RS is identical to the source RS in UL or joint TCI
· If PL-RS is associated with UL TCI or joint TCI, PL-RS and source RS of the UL TCI or joint TCI are QCL-Type D.
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