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1. Introduction
The Rel-18 WI MIMO Evolution for Downlink and Uplink was approved in [1] and further revised in [2]. In previous RAN4 meeting, the impacts on RRM requirements were initially discussed with agreements captured in [3][4][5][6]. In this contribution, we provide our views on potential RRM impacts of extension of unified TCI framework to MTRP.
2. Discussion
2.1 General
In last RAN4 meeting, it was agreed to further identify the RRM impacts of uTCI extension to mTRP. Some high-level issues regarding the scenarios are summarized as follows:
	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.



For FR2 simultaneous reception, it was agreed to deprioritized the requirements for simultaneous reception in FR2 in this WI, considering the very controversial discussion in Rel-18 Multi-Rx with considerable number of open issues left. Similarly, sTxMP is also highly related to multi panels operation, which is even more complicated than DL simultaneous reception. Considering the current situation, it is unreasonable to skip simultaneous reception but define requirements for simultaneous UL transmission. It is more appropriate to consider the uTCI with multi-panel receptions jointly in further release.
Proposal 1: Do not specify requirements for eUTCI with simultaneous UL transmission with multi-panels in Rel-18. Discuss it in future release.
Another issue related to simultaneous reception in FR2 is how to define requirements when the RS used for TCI state switching are overlapped. Based on previous agreement, both intra-cell and inter-cell mTRP scenarios are considered which is shown as follows:
	Issue 3-1-1: For eUTCI, whether to support intra-cell mTRP and inter-cell mTRP scenarios?
· Agreements
· Consider both intra-cell and inter-cell mTRP scenarios
· FFS if inter-cell mTRP scenario would apply for simultaneous reception based mTRP scheme in FR2



Thus, it is possible that SSB which is QCL-ed with target dual TCI states from different TRPs are overlapped in time domain. If simultaneous reception in FR2 is not considered in this release, UE is not able to track the two SSBs simultaneously. Similarly, for UL uTCI state switching, if the PL-RS for two TRPs are overlapped, UE needs to perform PL-RS estimation sequentially, where the PL-RS could be SSB or CSI-RS.
Observation 1: If simultaneous reception in FR2 is not considered, UE may not be able to measure time overlapping RS from different TRPs for dual TCI state switching.
Thus, it is proposed to only define requirements when the RSs used for dual TCI state switching from different TRP are not overlapped in time domain.
Proposal 2: Only define requirements when the RSs used for dual TCI state switching from different TRPs are not overlapped in time domain in FR2.


2.2 uTCI extension to mTRP for different scenarios
In following part, we provide our views on detailed requirements for sDCI and mDCI respectively.
sDCI
For sDCI, following agreements are achieved in last meeting:
	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: 
· [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
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:
· [bookmark: OLE_LINK5]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.




For MAC CE based TCI state switching, one open issue is whether to consider all possible combinations when the target TCI states can be known/unknown. From our understanding, if simultaneous reception in FR2 is not considered where unknown doesn’t make much sense, following cases shall all be considered:
Proposal 3: For sDCI MAC CE based TCI state switching, define requirements for following cases:
· 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
Regarding the detailed requirements, companies proposed to define an overall delay requirement for both TCI states. However, it may lead to unnecessary delay for one of the TCI state if it can be completed earlier than the other one. For instance, if one of the target TCI is known and the other one is unknown, UE shall be able to receive with the known TCI state much earlier than the unknown TCI state. Another example is that when one of the PL-RS is maintained and the other one is not maintained, it is unreasonable to delay UL transmission for the former one until UE completing the PL-RS for the latter one, which needs 5 PL-RS samples. Thus, it is proposed to define TCI state switching delay requirements for dual TCI state separately.
Proposal 4: For sDCI MAC CE based TCI state switching, define TCI state switching delay requirements for dual TCI state separately.

mDCI
For mDCI, following agreements are achieved in last meeting:
	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.




For mDCI, the situation is more complicated since two TA and RTD>CP shall be considered. The following three cases are considered:
· Case 1: For UEs not supporting two TAs
· Case 2: For UEs supporting two TAs and not capable to support RTD > CP 
· Case 3: For UEs supporting two TAs and capable to support RTD > CP 
For case 1 and case 2, based on proposal 2, for FR1 and FR2 when the RS are not time domain overlapped, legacy requirements can apply since the TCI state switching associated with corresponding CorestPoolIndex are quite similar as legacy sTRP. Regarding the wording [with association of coresetPoolIndex], there is slightly difference based on RAN1 design. For instance, for PUSCH, UE determine the joint/UL TCI associated with same coresetPoolIndex for DG and Type2 CG; for type 1 CG, there is a another RRC configuration to indicate that UE shall apply the first one or the second one of the indicated TCI state to the corresponding CG-PUSCH transmission, where the first and the second indicated joint/DL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1. From RAN4 requirements perspective, since it is agreed not to specify RRC based TCI state switching requirements, it can be assumed the association can be pre-determined by UE.
For case 3, based on the same assumption above that only FR1 and FR2 without simultaneous reception or sTxMP, UE may need to perform fine timing/L1-RSRP/PL-RS from different TRPs with RTD larger than CP. The reasonable assumption to achieve RTD>CP is UE is capable of separate FFT windows. Based on this assumption and proposal 2, the TCI state switching can be assumed to be independent.
Proposal 5: For mDCI, for UEs supporting two TAs and capable to support RTD > CP, reuse Rel-17 unified TCI state switching requirements with association of coresetPoolIndex.
3. [bookmark: _GoBack]Conclusions
Proposal 1: Do not specify requirements for eUTCI with simultaneous UL transmission with multi-panels in Rel-18. Discuss it in future release.
Observation 1: If simultaneous reception in FR2 is not considered, UE may not be able to measure time overlapping RS from different TRPs for dual TCI state switching.
Proposal 2: Only define requirements when the RSs used for dual TCI state switching from different TRPs are not overlapped in time domain in FR2.
Proposal 3: For sDCI MAC CE based TCI state switching, define requirements for following cases:
· 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
Proposal 4: For sDCI MAC CE based TCI state switching, define TCI state switching delay requirements for dual TCI state separately.
Proposal 5: For mDCI, for UEs supporting two TAs and capable to support RTD > CP, reuse Rel-17 unified TCI state switching requirements with association of coresetPoolIndex.
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