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[bookmark: _Toc116995841]Introduction
In RAN #94e, the MIMO evolution downlink and uplink was approved in [1]. Among its objectives, there is the study and specification of two timings advance (TAs) for UL multi-DCI for multi-TRP operations: 
	7. Study, and if justified, specify the following 
	- Two TAs for UL multi-DCI for multi-TRP operation 
	- Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
	For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.



In RAN4#108, the following agreements were made regarding the scope of the MIMO_evo_DL_UL work in RAN4 R4-2314347 [2]
	Topic 3: Unified TCI Framework extended to M-TRP
Issue 3-1-1: For eUTCI, whether to support simultaneous reception in mTRP scenarios in FR2?
Agreement:
· Deprioritize requirements for eUTCI with simultaneous reception in DL in FR2
· Further check in RAN4 #108bis on the workload and expected scope for the work and make a final decision on the respective requirements

Issue 3-1-2: Whether to introduce RRM requirements for eUTCI if UE can support sTxMP? 
Way forward:
· Option 1: (Apple, Huawei)
· Not specify requirements for eUTCI with simultaneous UL transmission with multi-panels in Rel-18. Discuss it in future release.
· Option 2: (Nokia)
· RAN4 to discuss requirements for STxMP MAC CE TCI switching requirements when target TCI state includes 2 TCIs i.e. simultaneous UL transmission with multi-panel.
· RAN4 to discuss requirements for STxMP DCI TCI switching requirements when target TCI state includes 2 TCIs.

Issue 3-1-4: For sDCI or mDCI mTRP, whether to define separate TCI state switching requirements? 
Agreement:
· Define separate TCI state switching requirements.

Issue 3-1-5: For mDCI mTRP, how to specify RRM requirements for eUTCI if UE cannot support simultaneous DL reception in FR2? 
Agreement:
· RRM requirements for eUTCI 
· For UEs not supporting two TAs, reuse Rel-17 unified TCI state switching requirements [with association of coresetPoolIndex].
· For UEs supporting two TAs and not capable to support RTD > CP reuse Rel-17 unified TCI state switching requirements [with association of coresetPoolIndex]
· For UEs supporting two TAs and capable to support RTD > CP the requirements are FFS
· The TCI state switching requirements cover both known and unknown target TCI state cases

Issue 3-1-6: For mDCI mTRP, whether to specify RRM requirements for RRC based switching delay requirements? 
Agreement:
· Do not specify RRC based TCI state switch delay requirements.

Issue 3-1-7: For sDCI mTRP if only one single TCI state is switched, how to specify TCI state switch delay requirement for eUTCI if UE cannot support simultaneous DL reception in FR2? 
Agreement:
· Reuse Rel-17 unified TCI state switching requirements in this case, including MAC-CE based TCI and DCI based TCI state switching.

Issue 3-1-8-a: For sDCI mTRP if dual TCI state is switched, if UE cannot support simultaneous DL reception in FR2, whether to define MAC-CE based TCI state switch delay for cases? 
Way forward:
· Option 1: (Apple, Samsung, Ericsson)
· Case1: If both target TCIs are known
· Case 2: If one of target TCIs is unknown and another is known
· Case 3: If both target TCIs are unknown
· Option 2: (MediaTek)
· Case1: If both target TCIs are known

Issue 3-1-8-b: For sDCI mTRP if dual TCI state is switched, if UE cannot support simultaneous DL reception in FR2, how to specify MAC-CE based TCI state switch delay for cases? 
Way forward:
· To support Case 1: 
· Define MAC CE based DL dual TCI state switch the switching delay requirements as: 
· Option 1: THARQ + max{TOk1*(Tfirst-SSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)}
· Option 2: THARQ +   TOk1* max (Tfirst-SSB1 , Tfirst-SSB2 ) + TSSB-proc
· Option 3: other proposal is not precluded
· Define MAC CE based UL dual TCI state switch the switching delay requirements as: 
· Option 1: THARQ + max{NM1* (Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms), NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS 2+ 2ms) }
· Option 2: other proposal is not precluded

· To support Case 2:
· Define MAC CE based DL dual TCI state switch the switching delay requirements as:
· Option 1: THARQ + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TOk2*(Tfirst-SSB2+ TSSB-proc)}
· Option 2: other proposal is not precluded
· Define MAC CE based UL dual TCI state switch the switching delay requirements as:
· Option 1: THARQ + max{ TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS 2+ 2ms) }
· Option 2: other proposal is not precluded
· To support Case 3:
· Define MAC CE based DL dual TCI state switch the switching delay requirements as:
· Option 1: THARQ + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TL1-RSRP2 +TOuk2*(Tfirst-SSB2+ TSSB-proc)}
· Option 2: other proposal is not precluded
· Define MAC CE based UL dual TCI state switch the switching delay requirements as:
· Option 1: THARQ + max{ TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, TL1-RSRP2 + Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS2 + 2ms }
· Option 2: other proposal is not precluded

Issue 3-1-9: For sDCI mTRP if dual TCI state is switched, how to specify DCI based TCI state switch delay for eUTCI if UE cannot support simultaneous DL reception in FR2?
Agreement:
· Both for DL and UL, the legacy DCI based TCI state switch delay requirements can be reused.

Issue 3-1-10: For sDCI mTRP, whether to specify RRM requirements for RRC based switching delay requirements? 
Way forward:
· Option 1: (Apple, MediaTek)
· No.
· Option 2: (Samsung)
· FFS on whether to introduce RRC based TCI state switch delay requirements for PDCCH.
· Option 3: (Nokia)
· The current requirements should be reused for RRC based TCI switching.
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	Issue 3-1-2: Whether to introduce RRM requirements for eUTCI if UE can support sTxMP? 
Way forward:
· Option 1: (Apple, Huawei)
· Not specify requirements for eUTCI with simultaneous UL transmission with multi-panels in Rel-18. Discuss it in future release.
· Option 2: (Nokia)
· RAN4 to discuss requirements for STxMP MAC CE TCI switching requirements when target TCI state includes 2 TCIs i.e. simultaneous UL transmission with multi-panel.
· RAN4 to discuss requirements for STxMP DCI TCI switching requirements when target TCI state includes 2 TCIs.



Current MAC-CE TCI Switch requirements for UL TCI are defined for the unified TCI framework considering a single UL target TCI state. One big difference in Rel-18 is that simultaneous transmission is being defined, where 2 target TCI states may be indicated/activated. Therefore, in order to support STxMP, RAN4 needs to define requirements for TCI switch and activation delay considering the simultaneous transmission. 
[bookmark: _Toc146730861]Option 2 is supported, i.e. MAC and DCI requirements for TCI switching must be defined for STxMP.

	Issue 3-1-8-a: For sDCI mTRP if dual TCI state is switched, if UE cannot support simultaneous DL reception in FR2, whether to define MAC-CE based TCI state switch delay for cases? 
Way forward:
· Option 1: (Apple, Samsung, Ericsson)
· Case1: If both target TCIs are known
· Case 2: If one of target TCIs is unknown and another is known
· Case 3: If both target TCIs are unknown
· Option 2: (MediaTek)
· Case1: If both target TCIs are known




Requirements should be defined both for the known and for the unknown cases. Regarding the unknown cases, requirements are also needed because:
· The network might not know if a TCI state is known, since some conditions are only known by the UE
· Switching to know TCI states is typically preferred, and it should be considered that in some scenarios there might be no known target TCI state for the UE to be switched. In that case the network is forced to switch the UE to an unknown state. 
· The network needs to know how long delay TCI switching is taking, otherwise it cannot schedule the UE properly. 
[bookmark: _Toc146730862]In some scenarios the network cannot avoid switching the UE to an unknown TCI state. 
[bookmark: _Toc146730863]No requirements for unknown target TCI states leads to unpredictable UE behavior. 
[bookmark: _Toc146730864]Define TCI switching requirements for all three cases of known and unknown states:
0. Case1: If both target TCIs are known
0. [bookmark: _Toc146730865]Case 2: If one of target TCIs is unknown and another is known
0. [bookmark: _Toc146730866]Case 3: If both target TCIs are unknown

	Issue 3-1-8-b: For sDCI mTRP if dual TCI state is switched, if UE cannot support simultaneous DL reception in FR2, how to specify MAC-CE based TCI state switch delay for cases? 
Way forward:
· To support Case 1: 
· Define MAC CE based DL dual TCI state switch the switching delay requirements as: 
· [bookmark: _Hlk143116870]Option 1: THARQ + max{TOk1*(Tfirst-SSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)}
· Option 2: THARQ +   TOk1* max (Tfirst-SSB1 , Tfirst-SSB2 ) + TSSB-proc
· Option 3: other proposal is not precluded
· Define MAC CE based UL dual TCI state switch the switching delay requirements as: 
· Option 1: THARQ + max{NM1* (Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms), NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS 2+ 2ms) }
· Option 2: other proposal is not precluded

· To support Case 2:
· Define MAC CE based DL dual TCI state switch the switching delay requirements as:
· Option 1: THARQ + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TOk2*(Tfirst-SSB2+ TSSB-proc)}
· Option 2: other proposal is not precluded
· Define MAC CE based UL dual TCI state switch the switching delay requirements as:
· Option 1: THARQ + max{ TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS 2+ 2ms) }
· Option 2: other proposal is not precluded
· To support Case 3:
· Define MAC CE based DL dual TCI state switch the switching delay requirements as:
· Option 1: THARQ + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TL1-RSRP2 +TOuk2*(Tfirst-SSB2+ TSSB-proc)}
· Option 2: other proposal is not precluded
· Define MAC CE based UL dual TCI state switch the switching delay requirements as:
· Option 1: THARQ + max{ TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, TL1-RSRP2 + Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS2 + 2ms }
· Option 2: other proposal is not precluded



Dual TCI switch needs that the UE is performing time/frequency tracking on both target TCI states. The differentiation between UL and DL requirements may be interesting in e.g. :
- separate TCI framework scenarios, i.e. different index of indicated TCI states for DL and UL, or 
- in case there is an asymmetry between DL multi-TRP and STxMP, i.e. different number of indicated TCI states for DL and UL, or
- different states of TCI states for DL and UL, i.e. known and unknown
Among the scenarios presented above, Case 1 – option 1 reflects that UE tracks both SSB1 and SSB2 and waits for the maximum time of each tracking. An advantage of this option is that when one of the two TCI states is known, the delay is reduced accordingly. This advantage is valid for both DL & UL with option1.
In Case 1, option 2 a solution taking the worst case scenario is considered. In this situation, the TOk considers whether any of the target TCI states is not in the list of active TCI states, and may cause some extended TCI switching delay in comparison to the proposal in Option 2. 

[bookmark: _Toc146730867][bookmark: _Toc146730868]For Case 1 (both target TCI states are known), define MAC CE based DL dual TCI state switch the switching delay requirements as: 
0. [bookmark: _Toc146730869]THARQ + max{TOk1*(Tfirst-SSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)}
[bookmark: _Toc146730870]For Case 1 (both target TCI states are known), define MAC CE based UL dual TCI state switch the switching delay requirements as: 
0. [bookmark: _Toc146730871]THARQ + max{NM1* (Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms), NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS_2+ 2ms) }
Regarding Case 2 where one of the target TCI states is unknown, when option 1 is considered the use case where TOk2*(Tfirst-SSB2+ TSSB-proc) has a larger value than TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc) is possible in certain cases for TCI switching. TL1-RSRP is typically covering at least 8 samples for SSB based RSRP in FR2-1, or at least 1 SSB period for the case of FR1 with M=1. Therefore TL1-RSRP1 is already typically larger than TOk2*(Tfirst-SSB2+ TSSB-proc). However, in the clause 8.15.3 of 38.133 TL1-RSRP = 0 for FR1 and TCI switching not involving QCL-D in FR2. In this case there could be the situation where the known state is taking more time for switching than the unknown TCI state. For this reason, the Option 1 in case 2 can be used for the MAC CE switching requirements combining known+unknown states. 
[bookmark: _Toc146730872]For Case 2 (one target TCI state is unknown), define MAC CE based DL dual TCI state switch the switching delay requirements as: 
0. [bookmark: _Toc146730873]THARQ + max{TL1-RSRP1 + TOk1*(Tfirst-SSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)}
0. [bookmark: _Toc146730874]Where TL1-RSRP1, TOk1, and Tfirst-SSB1 relate to the unknown state and TOk2, and Tfirst-SSB2 relate to the known state

[bookmark: _Toc146730875]For Case 2 (one target TCI state is unknown), define MAC CE based UL dual TCI state switch the switching delay requirements as: 
0. [bookmark: _Toc146730876]THARQ + max{ TL1-RSRP1 + NM1* (Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms), NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS_2+ 2ms) }
0. [bookmark: _Toc146730877]Where TL1-RSRP1, TOk1, and Tfirst-SSB1 relate to the unknown state and TOk2, and Tfirst-SSB2 relate to the known state
Regarding Case 3, a similar analysis can be made for the switching requirements, and Option 1 can be used. 
[bookmark: _Toc146730878]For Case 3 (both target TCI state are unknown), define MAC CE based DL dual TCI state switch the switching delay requirements as: 
0. [bookmark: _Toc146730879]THARQ + max{TL1-RSRP1 + TOk1*(Tfirst-SSB1 + TSSB-proc), TL1-RSRP2 + TOk2*(Tfirst-SSB2 + TSSB-proc)}

[bookmark: _Toc146730880]For Case 3 (one target TCI state is unknown), define MAC CE based UL dual TCI state switch the switching delay requirements as: 
0. [bookmark: _Toc146730881]THARQ + max{ TL1-RSRP1 + NM1* (Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms), TL1-RSRP2 + NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS_2+ 2ms) }

	Issue 3-1-10: For sDCI mTRP, whether to specify RRM requirements for RRC based switching delay requirements? 
Way forward:
· Option 1: (Apple, MediaTek)
· No.
· Option 2: (Samsung)
· FFS on whether to introduce RRC based TCI state switch delay requirements for PDCCH.
· Option 3: (Nokia)
· The current requirements should be reused for RRC based TCI switching.




The most typical case for TCI switching would be MAC CE based when comparing to RRC based switching, since MAC CE doesn’t involve RRC processing delay. In that perspective, MAC CE switching can be taken with higher priority than RRC based switching. Considering also that a similar discussion is taking place as part of the MultiRx requirements, we can take the conclusions for RRC from multi Rx.
1. [bookmark: _Toc142645486][bookmark: _Toc146730882]RRC based TCI switch delay requirements only apply to the case where there is a single TCI state that is activated.
[bookmark: _Toc142645487][bookmark: _Toc146730883]For sDCI use case, the current requirements should be reused for RRC based TCI switching. 

[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
Proposal 1: Option 2 is supported, i.e. MAC and DCI requirements for TCI switching must be defined for STxMP.
Observation 1: In some scenarios the network cannot avoid switching the UE to an unknown TCI state.
Observation 2: No requirements for unknown target TCI states leads to unpredictable UE behavior.
Proposal 2: Define TCI switching requirements for all three cases of known and unknown states:
b.	Case 2: If one of target TCIs is unknown and another is known
c.	Case 3: If both target TCIs are unknown
 For Case 1 (both target TCI states are known), define MAC CE based DL dual TCI state switch the switching delay requirements as:
Proposal 3:
a.	THARQ + max{TOk1*(Tfirst-SSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)}
Proposal 4: For Case 1 (both target TCI states are known), define MAC CE based UL dual TCI state switch the switching delay requirements as:
a.	THARQ + max{NM1* (Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms), NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS_2+ 2ms) }
Proposal 5: For Case 2 (one target TCI state is unknown), define MAC CE based DL dual TCI state switch the switching delay requirements as:
a.	THARQ + max{TL1-RSRP1 + TOk1*(Tfirst-SSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)}
b.	Where TL1-RSRP1, TOk1, and Tfirst-SSB1 relate to the unknown state and TOk2, and Tfirst-SSB2 relate to the known state
Proposal 6: For Case 2 (one target TCI state is unknown), define MAC CE based UL dual TCI state switch the switching delay requirements as:
a.	THARQ + max{ TL1-RSRP1 + NM1* (Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms), NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS_2+ 2ms) }
b.	Where TL1-RSRP1, TOk1, and Tfirst-SSB1 relate to the unknown state and TOk2, and Tfirst-SSB2 relate to the known state
Proposal 7: For Case 3 (both target TCI state are unknown), define MAC CE based DL dual TCI state switch the switching delay requirements as:
a.	THARQ + max{TL1-RSRP1 + TOk1*(Tfirst-SSB1 + TSSB-proc), TL1-RSRP2 + TOk2*(Tfirst-SSB2 + TSSB-proc)}
Proposal 8: For Case 3 (one target TCI state is unknown), define MAC CE based UL dual TCI state switch the switching delay requirements as:
a.	THARQ + max{ TL1-RSRP1 + NM1* (Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms), TL1-RSRP2 + NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS_2+ 2ms) }
Observation 1: RRC based TCI switch delay requirements only apply to the case where there is a single TCI state that is activated.
Proposal 9: For sDCI use case, the current requirements should be reused for RRC based TCI switching.
[bookmark: _Toc116995849]
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