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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]: 
	Define the following requirements (Agreed in GTW)
· DCI and MAC-CE based TCI switching delay requirements 
· DL/UL TCI switching requirements for both joint TCI and separate TCI.
· TCI switching delay requirements for the case when target TCI is associated with one of serving cell or non-serving cell (i.e., cell with different PCI)
· Define requirements at least for Rel-17 TCI state switching framework
· UL TCI state switching delay requirements when target TCI is associated with DL-RS
· Pathloss RS switch delay requirement for beam alignment case
· It is not precluded to define same or different requirements for DL/UL TCI switching delay in separate TCI mode for serving cell and non-serving cell
PL-RS switching delay requirement for beam alignment case
· Don’t need to specify additional PL-RS switching delay requirement.
· RAN4 will further discuss whether UL TCI state switching requirements can be re-used for PL-RS switching delay if UL TCI state switching can trigger PL-RS switch, how to capture this in the spec is FFS. 
MAC-CE based DL/UL TCI switching delay in separate TCI mode for serving cell
· Re-use existing known conditions for associated DL-RS 
· Re-use existing MAC-CE based TCI switching delay requirements for DL TCI switching delay requirements for PDCCH and PDSCH 
· Reuse existing MAC-CE based uplink spatial relation switching requirements for UL TCI switching delay as starting points 
· FFS: Whether and how to specify requirements for MAC-CE based TCI state-pair indication, considering such one TCI state-pair containing 1 DL TCI and 1 UL TCI, and the source RSs for the 2 TCIs are different.
MAC-CE based DL/UL TCI switching delay in Joint TCI mode for serving cell
· Re-use existing known conditions for associated DL-RS 
· RAN4 will further discuss whether to define a total switching delay requirement or re-use the legacy requirements or DL/UL TCI switching delay defined in separate mode
DCI based TCI state switching delay for serving cell
· RAN4 will further discuss DCI based TCI switching delay requirements in RAN4 based on the clear decision in RAN1
· RAN4 will further discuss the below conditions for DCI based switching requirement  
· DCI based TCI switch (for joint or UL TCI) requirements are defined for known TCI, target TCI in active TCI list (for joint only) and PL-RS is maintained
· DCI-based TCI state-pair switch is not precluded, considering such one TCI state-pair containing 1 DL TCI and 1 UL TCI, and the source RSs for the 2 TCIs are different.
Multiple TCI switching delay
· RAN4 will deprioritize the discussion about whether to specify the requirements for multiple TCI switching delay
Common TCI switching delay for CA case
· RAN4 will further discuss whether to specify the requirements for common TCI switching delay for CA case
TCI switch delay requirements for target TCI is associated with non-serving cell (i.e., cell with different PCI)
· Re-use existing known conditions for associated DL-RS 
· FFS: Re-use existing MAC-CE based TCI switching delay requirements for DL TCI switching delay requirements for PDCCH and PDSCH 
· Reuse existing MAC-CE based uplink spatial relation switching requirements for UL TCI switching delay as starting points. 
· RAN4 further discuss how to elaborate the wording for “non-serving cell”


Based on the conclusion in 101 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 DCI based TCI switching for joint/separate mode
· Delay requirements for DCI based TCI switching
· Further consideration for joint/separate TCI switching
· Requirements for MAC CE based TCI switching for joint/separate mode
· [bookmark: OLE_LINK5]Known condition for intra-band CA
· [bookmark: OLE_LINK1]Delay requirements for MAC CE based DL TCI switching
· Delay requirements for MAC CE based UL TCI switching
· Requirements for PL-RS switching
· Define PL-RS switching delay
· Whether only define PL-RS switching delay for known case
2. Discussion
2.1 Requirements for DCI based TCI switching for joint/separate mode
For how to define the delay requirements for DCI based TCI switching, two options were discussed during 101-e meeting:
	· [bookmark: OLE_LINK19]Option 1: TACK +Y 
· Option 2: Y symbols 


For the two options, we believe the target of them are same, but the starting points of the delay are different. For Option 1, the starting point is when UE receiving the DCI, so the time period of acknowledgment is concluded in the equation. But for Option 2, the starting point should be the last symbol of acknowledgment used to acknowledge the TCI switching receiving.
Option 1 is totally aligned with the conclusion attached in RAN1 as shown in below. Further more, review the description in legacy Rel-16, the delay requirement always use the MAC CE/RRC signaling/DCI receiving as the starting point, so we believe Option 1 is more in line with the definition habit of RAN4. So we prefer Option 1.
	Agreement in RAN1 #106e
[bookmark: OLE_LINK6]On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot to apply the indicated TCI is at least Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication. 
· Note: The Y symbols are configured by the gNB based on UE capability, which is also reported in units of symbols. 
· FFS whether Y is configured per BWP , per CC or per band or per SCS , or independent of BWP/CC/SCS
· Note: Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted


Proposal 1: The targets of Option 1 and Option 2 are same, considering Option 1 is aligned with RAN1’s conclusion and in line with RAN4’s definition habit, we prefer Option 1.
Based on the delay requirements, for joint TCI switch and separate TCI switch with a pair of DL TCI and UL TCI, since one DCI would indicate both DL and UL TCI states, so some further consideration is needed.
For joint TCI switch, a pool of joint DL/UL TCI state is used for joint DL/UL TCI state update. For each joint TCI state, the DL QCL and UL spatial filter would share a common source reference RS, when the SCS between PDSCH/PDCCH and PUSCH/PUCCH/SRS applying the indicated joint TCI state is different, Y should be determined based on which SCS, this should be decided. Until right now, RAN1 has no conclusion about this, RAN4 can wait for RAN1’s conclusion. But this issue should be clarified eventually.  
Proposal 2: For joint TCI switch, for the case of different SCS between PDSCH/PDCCH and PUSCH/PUCCH/SRS, it should be determined which SCS is used to count Y. 
For separate TCI switch with a pair of DL TCI and UL TCI, one TCI field codepoint represents a pair of DL TCI state and UL TCI state. If the DCI indicates such a TCI field codepoint, UE applies the corresponding DL TCI state and UL TCI state. Further more, according to 101-e meeting’s agreements, the source RSs for the 2 TCI states are different. Since only known case is considered for DCI based TCI state switch, the NW should guarantee the target DL TCI state and target UL TCI state are both known. Whether to support one of the two target TCI states is unknown, which should be further discussed. For simplicity, such case can be not supported, but this will limit the application of separate TCI switch with a pair of DL TCI and UL TCI.
Proposal 3: For separate TCI switch with a pair of DL TCI and UL TCI, whether the case of only one of the two target TCI states is known allowed, which should be determined.
2.2 Requirements for MAC CE based TCI switching for joint/separate mode
For the known condition, the following has been approved during 101-e meeting:
	MAC-CE based DL/UL TCI switching delay in separate TCI mode for serving cell
· Re-use existing known conditions for associated DL-RS 
MAC-CE based DL/UL TCI switching delay in Joint TCI mode for serving cell
· Re-use existing known conditions for associated DL-RS 


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, therefore, not need additional update for known condition applying for intra-band CA.
Proposal 4: 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.
For the delay requirements for MAC CE based DL TCI state switch, for separate DL TCI state switch, it has been approved to re-use existing MAC-CE based TCI switching delay requirements for DL TCI switching delay requirements in 101-e meeting. But for joint mode and for separate mode with DL+UL TCI pair update, the requirements are still open.
The following two options discussed during 101-e meeting:
	· Option 1: 
Known condition: THARQ + 3ms + max{TOk*(Tfirst-SSB + TSSB-proc) , NM*( Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)}
Unkonwn condition: THARQ + 3ms + TL1-RSRP +max{TOuk*(Tfirst-SSB+ TSSB-proc) , (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)} 
· Option 2: Reuse the existing MAC-CE based delay requirements


For MAC CE based DL TCI state switch, we believe Option 1 is more comprehensive for joint mode since the delay for non-maintain PL-RS is also considered. But for separate mode, Option 2 is enough. Considering it is a bit complicated using respective requirements for joint mode and separate mode, for simplicity, using Option 2 for both joint mode and separate mode can be trade-off.
Proposal 5: For simplicity, using Option 2 for both joint mode and separate mode can be trade-off.
For separate mode with DL and UL TCI state pair switch, theoretically DL TCI state switch delay should be larger than UL TCI state switch delay since fine timing acquisition/SSB processing time are possible within DL TCI state switch, however UL TCI state switch delay only just consider the MAC CE effecting delay. So the delay of DL and UL TCI state pair switch can be equal to the existing MAC CE based DL TCI state switch delay, i.e. Option 2 is OK.
Proposal 6: For separate mode with DL and UL TCI state switch delay, we also prefer to using Option 2.
For the delay requirements for MAC CE based UL TCI state switch, it only concluded that reusing existing MAC-CE based uplink spatial relation switching requirements for UL TCI switching delay as starting points during 101-e meeting. 
Similiar with the case for DL TCI state switch, still two options discussed during 101-e meeting:
	· Option 1: 
Known condition：  THARQ + 3ms + NM*(Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)
Unknwn condition: THARQ + 3ms + TL1-RSRP + (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms) 
· Option 2: Reuse the existing MAC-CE based uplink spatial relation switching delay requirements


But the suggestions from different companies are still diverse during 101-e meeting, so further analysis is needed. We understand Option 1 is enhanced in two aspects: 1) The possibility of PL-RS switching is also taken into account in UL TCI switching delay; 2) Additionally given unknown case, similar as DL TCI state switching delay. 
Considering the necessity of enhancement 1). Firstly, for the sake of pathloss measurement robustness, the beam of PL-RS should be wider then other source RS, so the beam coverage of one PL-RS may include multiple UL TCI state, so the possibility of PL-RS switch happening is usually lower than that of UL TCI state switch. From this point of view, we believe enhancement 1) is not necessary. Further more, for PL-RS switch delay itself, according to the requirement in legacy Rel-16, the delay requirement is given as a very elastic range, i.e. no later than slot n + +  for known case. Actually if UE always maintain the target PL-RS, than once the MAC CE take effects, the target PL-RS can be applied, so eventually we believe enhancement 1) is not necessary.
For enhancement 2), whether need to determine UL TCI state switch delay in unknown case, which need further discussion.
To sum up, we prefer Option 2.
Proposal 7: Considering the PL-RS switch is not as frequently as UL TCI state switch, and actually UE can always maintain target PL-RS, we prefer Option 2 for the case of separate UL TCI state switch. 
2.3 Requirements for PL-RS switching
[bookmark: OLE_LINK152]It has been approved that don’t need to specify additional PL-RS switching delay requirement for beam alignment case during 101-e meeting. Consider for the MAC CE which can trigger PL-RS switch, we believe two possible MAC CE can trigger PL-RS switch. One is the MAC CE which oriented to trigger PL-RS switch, such as SRS PL RS Update MAC CE and PUSCH PL RS Update MAC CE. The other is the UL TCI state switching MAC CE, which simultaneously indicates the UL TCI state switch and PL-RS switch, when the PL-RS of target UL TCI state is different with the PL-RS of old UL TCI state. For the latter case, whether UL TCI state switching requirements can be re-used for PL-RS switching delay, which should be discussed.
As our analysis in last section, the PL-RS should be wide-beam coverage, and should not update as frequently as UL TCI state switch, so we can obtain the assumption that UE always maintain the target PL-RS for the latter case. Based on such assumption, we believe the UL TCI state switching requirements can be re-used for PL-RS switching delay if UL TCI state switching can trigger PL-RS switch.
Proposal 8: Based on the assumption that UE can always maintain the target PL-RS for the case of UL TCI state switch triggering PL-RS switch, we support re-using the UL TCI state switching requirements as PL-RS switching requirements.
3. Conclusion
In this contribution, we have the following proposals for unified TCI state:
Proposal 1: The targets of Option 1 and Option 2 are same, considering Option 1 is aligned with RAN1’s conclusion and in line with RAN4’s definition habit, we prefer Option 1.
Proposal 2: For joint TCI switch, for the case of different SCS between PDSCH/PDCCH and PUSCH/PUCCH/SRS, it should be determined which SCS is used to count Y. 
Proposal 3: For separate TCI switch with a pair of DL TCI and UL TCI, whether the case of only one of the two target TCI states is known allowed, which should be determined.
Proposal 4: 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.
Proposal 5: For simplicity, using Option 2 for both joint mode and separate mode can be tradeoff. 
Proposal 6: For separate mode with DL and UL TCI state switch delay, we also prefer to using Option 2.
Proposal 7: Considering the PL-RS switch is not as frequently as UL TCI state switch, and actually UE can always maintain target PL-RS, we prefer Option 2 for the case of separate UL TCI state switch. 
[bookmark: _GoBack]Proposal 8: Based on the assumption that UE can always maintain the target PL-RS for the case of UL TCI state switch triggering PL-RS switch, we support re-using the UL TCI state switching requirements as PL-RS switching requirements.
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