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1. Introduction
In the last meeting, a way forward on RRM impact for unified TCI in FeMIMO was approved in [1]: 
	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
MAC-CE based joint UL and DL TCI state switching delay
· No extra requirement needed for Joint TCI mode, DL and UL requirements can be applicable independently
· Note: it is not expected that UE will be required to make DL reception or UL transmission before UE completes the DL or UL TCI state switching, respectively
· FFS for test procedure for Joint TCI mode
Switching delay requirements for unified TCI associated with SC
· For TCI known case, the MAC CE based uplink TCI switching delay requirement is specified as 
THARQ + 3ms + NM*(Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)
Where
NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise 
· For TCI unknow case, MAC CE based uplink TCI switching delay requirement is specified as 
THARQ + 3ms + TL1-RSRP + (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms) 
· 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.
· It is common understanding that TCI state switching delay requirement can be defined for UL TCI and DL TCI switching respectively 
· RAN4 will further study if MAC-CE based TCI state-pair indication requirement will be specified 
· RAN4 is to specified 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.
Switching delay requirements for unified TCI associated with ”NSC”
· NSC in TCI switching delay will be specified as “a cell with PCI different from a serving cell”
· MAC-CE based and DCI based TCI switching delay does not have difference for a serving cell and a cell with PCI different from a serving cell based on the following conditions. 
· Active BWP of cell with different PCI shall be within active BWP of serving cell 
· SCS between cell with different PCI and serving cell shall the same 
· Timing offset between SC and NSC are within CP 
· RAN4 will further study whether to specify the requirements if above conditions do not meet. 
· Delay requirements for TCI switching in CA case
· RAN4 will further study whether to specify the TCI switching delay requirement in CA case 
· Requirements for PL-RS switching delay indicated by unified TCI
· No extra requirements beyond Rel-17 unified TCI switching delay requirements. Requirements for uplink TCI switching requirements is applied for MAC CE based PL-RS switching and DCI based PL-RS switching
· Delay component of measuring PL-RS will be specified for the following cases 
· Known TCI but PL-RS is not maintained 
· Unknow TCI


Based on the conclusion in 101bis e-meeting, for both joint TCI mode and separate TCI mode, some issues are still open, further discussion are needed. In this document, we give our analysis for the following issues.
· Requirements for MAC CE based TCI switching for joint/separate mode
· [bookmark: OLE_LINK1]Delay requirements for MAC-CE based TCI state-pair switching
· Whether beam alignment definition as applicability scenario for UL TCI switching requirements
· About intra-band CA
· [bookmark: OLE_LINK5]Known condition for intra-band CA
· [bookmark: OLE_LINK2]The requirements for common TCI state switching delay in CA scenario

2. Discussion
2.1 Requirements for MAC CE based TCI switching for joint/separate mode
Delay requirements for MAC-CE based TCI state-pair switching
For MAC CE based DL TCI state switching and UL TCI state switching in separate mode, the requirements have been identified respectively. But for MAC CE based TCI state-pair switching, the requirements are still pending. During the discussion in 101bis meeting, the following options were proposed toward this issue:
	Option 1: 
· the TCI state switching delay requirement can be defined for UL TCI and DL TCI switching respectively. 
Option 2: 
· RAN4 specify MAC CE based TCI state list update requirements comprising UL TCI list update delay, DL TCI list update delay, and the potential maintained PL-RS list update delay. 
· If the TCI state list update include both DL TCIs and UL TCIs, the endpoint of the TCI state switching delay is the later one between DL TCI switching delay and UL TCI switching delay. 
Option 3:
· Update pair delay requirements shall be as same as TCI list update delay which is identical as DL TCI switching delay. 


In our opinion, the MAC CE based TCI state-pair switching is similar as the MAC CE based joint TCI state switching. Since for joint mode, it has been agreed that DL and UL requirement can be applicable independently, so we believe for separate mode with TCI state-pair switching, DL and UL requirements can also be applicable independently, i.e. Option 1 is preferred by us.
[bookmark: OLE_LINK3]Proposal 1: The MAC CE based TCI state-pair switching is similar as the MAC CE based joint TCI state switching, so Option 1 is preferred by us, i.e. DL and UL MAC CE based TCI state switching requirements can be used independently for the case of TCI state-pair switching. 

Whether beam alignment definition as applicability scenario for UL TCI switching requirements
About this issue, the WF during 101bis meeting is as follows:
	· RAN4 will further study and confirm the below 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 UL TCI or joint TCI, PL-RS and source RS in UL or joint TCI is QCL-Type D.


We are fine for the two sub-bullets about beam alignment definition. In our opinion, beam alignment means that the RX beam for PL-RS and source RS in UL TCI state are same, then the delay of PL-RS switching can be a component of UL TCI state switching delay. The two sub-bullets both can guarantee this. So UE can use the same beam as source RS of UL to receive PL-RS. 
Proposal 2: The beam alignment definition as applicability scenario for uplink TCI switching requirements can be:
· 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.
 
2.2 About intra-band CA
Known condition for intra-band CA
Considering unified TCI structure is also applicable for intra-band CA in RAN1, so it is necessary to check whether the existing known condition need further update for unified TCI state switch in intra-band CA.
RAN1 has been agreed that both MAC CE based and DCI based unified TCI state switch can be used to switch the common TCI for multiple CCs within intra-band CA. Once receiving the MAC CE based or DCI based TCI state switch command by UE, for multiple CCs within a intra-band CC group, the active TCI state would switch to the target TCI state. If the target TCI state is QCL type D, there are two possible solutions to determine the target beam: a) Once a CC/BWP is configured for the source RS of the target TCI state, then each CC within the intra-band CC group would use the beam direction of the source RS transmitted in such CC/BWP as target beam; b) If without any CC/BWP configured for the source RS of the target TCI state, only RS ID exists, then each CC within the intra-band CC group should use the beam direction of its RS with such ID as the target beam. 
For solution a), if the configured CC/BWP is not the CC which would apply the target TCI state, which means the source RS of the target TCI state is transmitted in another CC, the known condition should be further check. 
We believe such case is also possible in legacy Rel-16 TCI state switch. For the TCI state of QCL type-C/D, the source RS of the target TCI state can be transmitted in other serving cell. Further more, the update of TCI state for a CC group has been supported in Rel-16, so we believe there is not any new characteristic introduced by the unified TCI state structure applying for intra-band CA. No matter solution a) or b), once the source RS of target TCI state is known for each CC in the intra-band CC group, which means the known condition is satisfied.
Proposal 3: Considering for applying the unified TCI state in intra-band CA case, still reuse the existing known condition is enough, not need to update the known condition. Once the source RS of target TCI state is known for each CC in the intra-band CC group, which means the known condition is satisfied.

The requirements for common TCI state switching delay in CA scenario
About this issue, the following two options proposed during 101bis meeting:
	· Option 1: Specify the requirement, i.e. the switching delay between the TCI states whose QCL-D or UL TX filter is determined by a source RS in one of the CCs, while QCL-A or QCL-C is still determined by the RS in each CC. 
· Option 2: delay requirement as the TCI state switching for single CC, with the clarification that the first slot to apply the new TCI state is determined on the CC with the smallest SCS among the CCs which applying the beam indication. 


For Option 2, we believe it is consistent with the agreement in RAN1 as follows:
	Agreement in RAN1 #107e
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
· TBD (maintenance): whether a second configured BAT is also supported, e.g. for MPUE or inter-cell BM


So of course Option 2 can be supported.
For Option 1, we believe which is reasonable, and RAN 1 also support the demand for source RS of QCL-D in Rel-17. For the demand for source RS of QCL-A/C, Option 1 is consistent with common understanding in Rel-16, since QCL-A/C relates some large scale fading information, so restricting the source RS of QCL-A/C to the CC applying the target TCI state, which is natural.
Proposal 4: We are fine with the Option 1 and Option 2.
3. Conclusion
In this contribution, we have the following proposals for unified TCI state:
Proposal 1: The MAC CE based TCI state-pair switching is similar as the MAC CE based joint TCI state switching, so Option 1 is preferred by us, i.e. DL and UL MAC CE based TCI state switching requirements can be used independently for the case of TCI state-pair switching. 
Proposal 2: Proposal 2: The beam alignment definition as applicability scenario for uplink TCI switching requirements can be:
· 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.
Proposal 3: Considering for applying the unified TCI state in intra-band CA case, still reuse the existing known condition is enough, not need to update the known condition. Once the source RS of target TCI state is known for each CC in the intra-band CC group, which means the known condition is satisfied.
Proposal 4: We are fine with the Option 1 and Option 2.
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