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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]. Based on the conclusion in 103 e-meeting, for both joint TCI mode and separate TCI mode, some remaining issues are still open, further discussion are needed. In this document, we give our analysis for the following issues.
· MAC CE based TCI state Switching delay requirements
· Active TCI state for UL
· Joint TCI state switching requirement
· UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2
· Common TCI state switching in CA case
· [bookmark: OLE_LINK1]Known condition on shared RS
· Known condition on different RS
· Common TCI state switching delay requirement for shared RS scheme
· TCI state list update delay
· Whether to consider unknown TCI state in the TCI state list
· MAC CE based TCI state list update delay for unknown TCI state
2. Discussion
2.1 MAC CE based TCI state Switching delay requirements
Active TCI state for UL
Even though the requirements of MAC-CE based UL TCI state switching delay in separate mode has been identified, given that the UE operations during DL TCI state switching and UL TCI state switching is somehow different, so focus on UL TCI state switching and UL TCI state list, still some clarification is expected. Around UL TCI state and the active UL TCI state list, the following WF achieved during 103 meeting:
	· Further discuss whether LS is needed for clarifying ‘active UL TCI state’ the following issues:
· i: If the UL (or joint) TCI state is activated, should a UE track UL TCI state timing and/or frequency derived from DL-RS associated with UL TCI state (or joint) TCI as a UE does for active DL-TCI? 
· i-1: What DL-RS can be used to track timing and/or frequency for active UL TCI for non-serving cell? Specifically, how can a UE track timing and/or frequency, if SRS is indicated as source RS in the active UL TCI? 
· ii: If a UE maintains the PL-RS of the activated UL TCI state (or joint) TCI state by the RAN1 agreement, the UE should maintain all of PL-RSs in the activated UL TCI (or joint) TCIs to support inter-cell or mTRP scenarios? 
· ii-1: What is a UE capability to measure pathloss to support the active UL TCI list in inter-cell and mTRP?
(Note : there is no UE capability indication on pathloss measurement in TS38.306 capability spec )


In order to achieve better logic sorting and based on the guidance during 103 meeting, the following three aspects can be discussed one by one:
· Aspect 1: Whether UE needs to perform time/frequency tracking for UL TCI state
· Aspect 2: The relation of active UL TCI state list and maintained PL-RS
· Aspect 3: How to interpret active UL TCI state list, the relation with active DL TCI state list
For Aspect 1, we believe it is a basic question, but the opinions around it was still diverse during 103 meeting. The two point of views were proposed:
	Option 1: UL timing is derived from current DL timing
Option 2: UL TCI state timing is derived from the RS of the UL TCI state. 


We believe Option 1 is common understanding in general. In fact, there is difference between DL TCI state switching and UL TCI state switching from the perspective of requirements. For DL TCI state, UE needs to guarantee time/frequency tracking for all active TCI state in the list. But for UL TCI state, not the component of first SSB/TRS latency(used for time/frequency tracking) is involved in neither legacy requirement nor the enhanced requirement(MAC CE based). 
However referring to the multi-TRP scenario, Option 2 is reasonable since different TRPs for DL and UL is possible. So for UL TCI, if not any DL timing can be referenced, UE needs to perform time/frequency tracking for the UL TCI state based on the source RS. So UE needs to perform time/frequency tracking for the target UL TCI state. Whether additional latency component used for time/frequency tracking for target UL TCI state should be added into the latency requirement, it should be determined.
Proposal 1: Option 1 is common understanding in general. However referring to the multi-TRP scenario, Option 2 is reasonable since different TRPs for DL and UL is possible. For the case that not any DL timing can be referenced, UE needs to perform time/frequency tracking for target UL TCI state.
For Aspect 2, first it should be noted that RAN 1 has approved the following agreement:
	Agreement: (RAN 1)
The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state


During the discussion in 103 meeting, some company concerned that the number of active TCI state is up to 8, while the number of maintained PL-RS is up to 4, such two upper bounds are not aligned. It is possible that UE can only maintain part of PL-RS of the active TCI states in the list, not all. So it is possible that UE does not maintain the corresponding PL-RS. In such case, 5 samples measurement for the PL-RS is necessary and can not be reduced.
Proposal 2: Considering the upper bounds of active TCI state and maintained PL-RS is different, it is possible that UE can only maintain part of PL-RS of the active TCI states in the list. In such case, 5 samples measurement for the PL-RS is necessary and can not be reduced.  
For Aspect 3, whether some dependency existence between active DL TCI state list and active UL TCI state list, which can be further clarified. In our opinion, the two lists are independent, one for DL TCI state maintenance and other for UL TCI state maintenance, they are used for the DL and UL TCI state management respectively. So when we discuss active UL TCI state list, it should not be impacted by active DL TCI state list.
Proposal 3: The active DL TCI state list and active UL TCI state list are independent. Active UL TCI state list should not be impacted by active DL TCI state list.

Joint TCI state switching requirement
Around this issue, we have had the following agreements in previous RAN 4 meeting:
	· RAN4 #101bis GTW Agreements
· 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


But unfortunately companies have diverse understanding referring to the above agreement during 103 meeting.
	· Joint TCI switching delay requirement
· Option 1: In case of joint TCI state switch, UE is not expected to receive on DL before UE completes the DL and UL TCI state switch  
· Option 2: Joint TCI switching delay is regarded as same as a pair of separate DL/UL TCI switching.       
· In case of joint TCI state switch, UE is expected to receive on DL, when UE completes the DL state switch.
· In case of joint TCI state switch, UE is expected to transmit on UL, when UE completes the UL state switch.
· Other options are not precluded.


In our opinion, Option 1 means dependence, however Option 2 means independence. The motivation of the above agreements to identify the independence between the requirements of DL TCI state and UL TCI state under joint mode, but the wording can be revised. So of course we prefer Option 2, which is aligned with the motivation of 101bis GTW Agreements.
Proposal 4: For the joint TCI state switching delay, not any dependency exists between DL and UL. UE applies the requirements of DL TCI state switch and UL TCI state switch respectively. 

UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2
During 103 meeting, this issue was discussed enthusiastically. Even though not any conclusion achieve, but the candidate options were concentrated into two options from original multiple options:
	· Option-1 : Longer delay is expected when SSB is indicated as PL-RS in UL TCI state for FR2
· 
Option-2 : If a UE has measured and reported L1-RSRP within [Y] msec on the SSB indicated as PL-RS in UL TCI state, the PL-RS is regarded to be maintained. (i.e. a filtered L1-RSRP measurement process is equivalent to PL measurement process based on = referenceSignalPower – higher layer filtered RSRP in TS38.213) 


The controversial point is whether additional Rx beam sweeping for PL-RS measurement necessary or not. When a SSB is indicated as PL-RS in target UL TCI state, which means the source RS is the SSB or QCL-Ded with the SSB since beam alignment should be guaranteed. It should be emphasized once more that beam alignment is the precondition based on previous agreements. We provide analysis for known case and unknown case respectively.
For known case, UE has identified the L1-RSRP and beam information of the source RS, so it is not necessary for UE to perform L1-RSRP measurement, so the requirement should be:
· 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
For unknown case, UE needs to perform L1-RSRP to acquire suitable RX beam and the L1-RSRP, then with the assumed RX beam to measure PL-RS RSRP. So for PL-RS RSRP measurement, not need RX beam sweeping any more. 
So we prefer Option 2.
Proposal 5: For the case when SSB is indicated as PL-RS in UL TCI state for FR2, which means the source RS is the SSB or QCL-Ded with the SSB. It should be emphasized once more that beam alignment is the precondition based on previous agreements. So not additional Rx beam sweeping is necessary. We prefer Option 2.
2.2 Common TCI state switching in CA case
Known condition on shared RS
During 103 meeting, around this issue, the following agreements were achieved:
	Agreement:
· Reuse the existing known condition. If the associated RS in common TCI state provides QCL-TypeD, the known condition can only consider whether the associated RS in the reference CC is known or not.
· FFS: the associated RS in common TCI state provides QCL-Type C


Focus on the FFS, after further check the corresponding RRC signaling and illustration, from the perspective of signalling, QCL-Type C and QCL-Type D can be both cross carrier indicated. So for the case of shared RS in CA, the above agreement is also applicable to QCL-Type C.
Proposal 6: Reuse the existing known condition. If the associated RS in common TCI state provides QCL-TypeD or QCL-TypeC, the known condition can only consider whether the associated RS in the reference CC is known or not.

Known condition on different RS
During 103 meeting, around this issue, the following options were proposed:
	· Option 1:
· Reuse the existing known condition. If the source RS is configured per CC, then the known condition is per CC.
· Option 1a:
· For QCL-Type A/B/C/D, reuse the existing known condition. If the source RS is configured per CC, then the known condition is per CC.


In fact, Option 1 is the common understanding. In order to make it more clear, Option 1a was proposed. Since based on legacy, only QCL-Type C/D can be indicated cross CCs, here the case is not cross CCs case, so of course QCL-Type A/B/C/D are fine. So both Option 1 and Option 1a are fine to us. To be more clear compared with share RS mode, Option 1a is preferred.
Proposal 7: Both Option 1 and Option 1a are fine to us. To be more clear compared with share RS mode, Option 1a is preferred.

Common TCI state switching delay requirement for shared RS scheme
After some discussion during 103 meeting, the following WF was achieved around this issue. 
	· FFS:
· The delay requirement is defined per CC for the common TCI indicated by simultaneousU-TCI-UpdateList1/2/3/4-r17
· The delay requirement is defined for multiple CCs for the common TCI indicated by RefUnifiedTCIStateList-r17


We are fine with the motivation of above two sub-bullets. In legacy, one CG can be divided into at most 2 CC group. For each CC group, corresponding to one TCI state list, so at most 2 TCI state lists. In R17, the number of 2 was extended to 4. The 1st sub-bullet refers to different RS scheme, and the 2nd sub-bullet refers to shared RS scheme. But referring to the exact signaling, as we known, RAN2 has revised sometimes during Rel-17, so we can use the final determined signalling here.
Proposal 8: We are fine with the motivation of above two sub-bullets. The 1st sub-bullet refers to different RS scheme, and the 2nd sub-bullet refers to shared RS scheme. But referring to the exact signaling, as we known, RAN2 has revised sometimes during Rel-17, so we can use the final determined signalling here.
2.3 TCI state list update delay
Whether to consider unknown TCI state in the TCI state list
During 103 meeting, around this issue, the following options were proposed:
	· Option 1: 
· Yes
· Option 1a:
· Longer delay would apply if any of the TCI states are unknown
· Option 2:
· No


In fact Option 2 is aligned with legacy. In legacy, the MAC CE based TCI state list update(for PDSCH) only provides known case requirement(same as MAC CE based TCI state update for PDCCH), not any requirement for unknown case. The proponents of Option 2 believe reusing legacy is fine, since the requirement of the TCI state list update is to enable the DCI based switch. And the intention of DCI based switch is to quickly switch the TCI state.
But it is possible that UE may have measured the beam but due to limitation on number of L1-RSRP UE can report, UE may not have reported the L1-RSRP. From the perspective of NW, NW may know the rough position of the UE based on UL transmission before L1-RSRP report, so NW may activate a list of TCI but some TCI in the list do not fulfill known condition. So we prefer Option 1.
Proposal 9: Option 2 is aligned with legacy. But considering it is possible that some of TCI states in the list do not fulfill known condition, so Option 1 is suggested by us.

MAC CE based TCI state list update delay for unknown TCI state
Referring to the exact requirement of TCI state list update delay for unknown TCI state, the following options were proposed:
	· Option 1:
· If all the TCIs in the active TCI state list are not known, upon receiving PDSCH carrying MAC-CE active TCI state list update at slot n, UE shall be able to receive PDCCH to schedule PDSCH with the new target TCI states at the first slot that is after n + + (THARQ + TL1-RSRP + Tfirst-SSB_List + TSSB-proc) / NR slot length.
· Option 2:
· No requirement for unknown TCI state update in the TCI state list


Since the case is possible, of course the delay requirement is needed. Option 1 is preferred by us.
Proposal 10: Since the case is possible, of course the delay requirement is needed. Option 1 is preferred by us.
3. Conclusion
In this contribution, we have the following proposals for unified TCI state:
Proposal 1: Option 1 is common understanding in general. However referring to the multi-TRP scenario, Option 2 is reasonable since different TRPs for DL and UL is possible. For the case that not any DL timing can be referenced, UE needs to perform time/frequency tracking for target UL TCI state.
Proposal 2: Considering the upper bounds of active TCI state and maintained PL-RS is different, it is possible that UE can only maintain part of PL-RS of the active TCI states in the list. In such case, 5 samples measurement for the PL-RS is necessary and can not be reduced. 
Proposal 3: The active DL TCI state list and active UL TCI state list are independent. Active UL TCI state list should not be impacted by active DL TCI state list.
Proposal 4: For the joint TCI state switching delay, not any dependency exists between DL and UL. UE applies the requirements of DL TCI state switch and UL TCI state switch respectively. 
Proposal 5: For the case when SSB is indicated as PL-RS in UL TCI state for FR2, which means the source RS is the SSB or QCL-Ded with the SSB. It should be emphasized once more that beam alignment is the precondition based on previous agreements. So not additional Rx beam sweeping is necessary. We prefer Option 2.
Proposal 6: Reuse the existing known condition. If the associated RS in common TCI state provides QCL-TypeD or QCL-TypeC, the known condition can only consider whether the associated RS in the reference CC is known or not.
Proposal 7: Both Option 1 and Option 1a are fine to us. To be more clear compared with share RS mode, Option 1a is preferred.
Proposal 8: We are fine with the motivation of above two sub-bullets. The 1st sub-bullet refers to different RS scheme, and the 2nd sub-bullet refers to shared RS scheme. But referring to the exact signaling, as we known, RAN2 has revised sometimes during Rel-17, so we can use the final determined signalling here.
Proposal 9: Option 2 is aligned with legacy. But considering it is possible that some of TCI states in the list do not fulfill known condition, so Option 1 is suggested by us.
Proposal 10: Since the case is possible, of course the delay requirement is needed. Option 1 is preferred by us.
4. Reference
R4-2211203, “WF on FeMIMO RRM impact for unified TCI state”, Intel.   
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