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1. Introduction 
In RAN4#108 RRM impacts for R18 MIMO evolution were discussed and way forward [1] was agreed.  In this contribution we present our views on RRM requirements for mTRP extension to unified TCI framework.   
2. Discussion
In [1] the following agreements were made for unified TCI framework extension to mTRP for simultaneous reception in FR2:
	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




To support requirements with simultaneous reception in mTRP scenarios in FR2, we would need to use the same framework as requirements for TCI state switch in parallel Rel-18 WI on multi-RX DL reception in FR2. For the multi-RX WI, core part is not complete, and the WI has been extended to another quarter in RAN#101. Specifically, the open issues are related to dual TCI state switch. Waiting for conclusions in that WI to define requirements for eUTCI with simultaneous reception in DL in FR2 would need to extend the MIMO evolution WI as well.
Observation #1:  Multi-RX WI core part is extended by another quarter. 
Observation #2:  Open issues related to multi-DCI dual TCI state switch in Multi-RX WI are relevant to eUTCI requirements with simultaneous reception in mTRP scenarios in FR2
Observation #3:  Waiting for conclusions in multi-RX WI would require extension on MIMO evolution WI.
We don’t think it is feasible to introduce requirements for eUTCI with simultaneous reception in mTRP scenarios in FR2 and would be more practical to discuss these requirements in future release.
Proposal #1:  Do not introduce requirements for eUTCI with simultaneous reception in FR2 in Rel-18. Postpone this to future release. 

On requirements for sTxMP, the following was discussed in RAN4#108 and captured in [1]:
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 sTxMP the existing requirements for unified TCI or newly defined requirements for eUTCI will be applicable if simultaneous transmission with multi panel is precluded. The requirements framework for simultaneous reception with multi-RX in DL is being discussed in a parallel R18 WI for the first time. We should wait for completion of that to introduce requirements for simultaneous UL transmission. Also, the RF requirements for sTxMP will not fully be defined in R18.
Observation #4:  RF requirements for sTXMP will not be fully defined in R18.
New requirements for simultaneous UL transmission with multi-panel can be discussed in future release. 
Proposal #2:  Existing UTCI requirements from R17 and new requirements in R18 for eUTCI if introduced are applicable to sTxMP without simultaneous UL transmission with multi panel. 
Proposal #3:  Discuss requirements for eUTCI with simultaneous transmission on UL with multi panel in future release. 

Multi-DCI based mTRP
For eUTCI requirements for mDCI, the following agreements were captured in [1]:
	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.





For mDCI based mTRP the PDCCH carrying scheduling DCI and PDSCH are transmitted from each TRP. The existing UTCI requirements are applicable to MAC-CE based PDCCH TCI state switch and DCI based PDSCH for DL switch individually for PDCCH and PDSCH from each TRP. If simultaneous transmission is not considered, the same is true for the UL. The UTCI requirements are applicable to the PDCCH/PDSCH/PUSCH from/ to each TRP. 
Whether the UE doesn’t support 2TA, 2TA with RTD < CP, 2TA with RTD > CP, the requirements for mDCI mTRP are applicable independently per TRP, if simultaneous reception in DL and simultaneous transmission in UL in FR2 are not considered.
Observation #5:  For multi-DCI the scheduling PDCCH, PDSCH is transmitted from each TRP. 
Observation #6:  The existing UTCI requirements are applicable independently for PDCCH/PDCCH/PUSCH from/to each TRP if simultaneous reception in DL and simultaneous transmission in UL is not considered in FR2.
Observation #7:  The existing requirements are applicable for UE not supporting 2TA, UE supporting 2TA with RTD<CP, UE supporting 2TA with RTD>CP. 
Hence, the existing UTCI switching delay requirements are applicable to mDCI mTRP with the association of coresetPoolIndex, without simultaneous UL transmission or simultaneous DL reception in FR2 for all 3 cases. 
Proposal #4:  For mDCI mTRP the existing UTCI requirements from R17 are applicable to PDCCH/PDSCH/PUSCH from/to each TRP independently with association of coresetPoolIndex and without simultaneous UL transmission or simultaneous DL reception in FR2 – for UE not supporting 2TA, UE supporting 2TA with RTD<CP, UE supporting 2TA with RTD>CP
For requirements with UE supporting 2TA with RTD>CP, we can remove the side condition of RTD<CP that were introduced for UTCI.
Proposal #5:  For UE supporting RTD<CP, remove side condition of RTD<CP. 

Single-DCI based mTRP
For eUTCI requirements for sDCI, the following agreements were captured in [1]:
	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 3-1-9: 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.





For sDCI based mTRP the following issues need to be discussed:
· Cases to define requirements for 
· MAC-CE based switching delay requirements
· Whether to specify RRC based TCI state switch delay requirements for eUTCI
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

For dual TCI state switch, both the TCI states are switching. For DL TCI state switch we need to consider different cases as listed below for the pair of target TCI states:
{known, known}
{unknown, unknown}
{unknown, known}
The requirements will not be complete if only case with both known TCI states is considered. 
Observation #8:  For sDCI mTRP for dual TCI switch for DL requirements will not be complete if we only consider both target TCI states as known.  
Proposal #6:  Introduce requirements for sDCI mTRP with dual TCI state switch for cases when target TCI states are – {both known, both unknown, one known and one 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? 
For single DCI mTRP the dual TCI state switch in DL can be completed only when the UE can receive with both the target TCI states. For each of the cases the longer of the switching delay among the pair of TCI states would be the switching delay. 
Observation #9:  For sDCI mTRP for dual TCI switch the TCI state in DL is switch is complete only when the UE can receive with both the target TCI states.
For MAC CE based DL dual TCI switching delay can be defined as below for different cases:
	TCI State 1
	TCI State 2
	Switching delay

	Known
	Known 
	THARQ + + max{TOk1*(Tfirst-SSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)}

	Unknown
	Unknown
	THARQ + + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TL1-RSRP2 +TOuk2*(Tfirst-SSB2+ TSSB-proc)}

	Unknown
	Known
	THARQ + + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TOk2*(Tfirst-SSB2+ TSSB-proc)}



Proposal #7:  For MAC CE based DL dual TCI state switch the switching delay requirements are defined as:
          -  THARQ + + max{TOk1*(Tfirst-SSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)} for {known, known}
          - THARQ + + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TL1-RSRP2 +TOuk2*(Tfirst-SSB2+ TSSB-proc)} for {unknown, unknown}
          - THARQ + + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TOk2*(Tfirst-SSB2+ TSSB-proc)} for {unknown, known} 

For dual TCI state switch in UL TCI state switch in addition to known/unknown condition for the pair of target TCI states, we also need to consider if the target PL-RS is maintained/ not-maintained. Like the DL TCI state switch, the UL TCI state switch is complete when the UE is able to transmit with both the target TCI state. 
Observation #10:  For sDCI mTRP for dual TCI switch the TCI state in UL is switch is complete only when the UE can transmit with both the target TCI states.

For MAC CE based UL dual TCI switching delay can be defined as below for different cases:
	TCI State 1
	TCI State 2
	Switching delay

	Known
	Known 
	THARQ + + max{NM1* (Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms), NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS 2+ 2ms) }

	Unknown
	Unknown
	THARQ + + max{TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, TL1-RSRP2 + Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS2 + 2ms }

	Unknown
	Known
	THARQ + + max{TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS 2+ 2ms) }



Proposal #8:  For MAC CE based UL dual TCI state switch the switching delay requirements are defined as:
          -  THARQ + + max{NM1* (Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms), NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS 2+ 2ms) } for {known, known}
          - THARQ + + max{ TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, TL1-RSRP2 + Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS2 + 2ms } for {unknown, unknown}
          - THARQ + + max{ TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS 2+ 2ms) } for {unknown, known} 


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.

In R17 we didn’t specify RRC based switching delay requirements for UTCI switching for DL or UL. Hence, we don’t see why we need to consider RRC based switching requirements for eUTCI in R18.
Observation #11:  RAN4 didn’t introduce RRC based UTCI switching delay requirements in R17. 

Proposal #9:  Do not introduce RRC based switching delay requirements for sDCI mTRP.


3. Conclusion
In this paper, we provide our views on open issues on RRM requirements for mTRP extension to unified TCI framework. Our observations and proposals are captured below:
Observation #1:  Multi-RX WI core part is extended by another quarter. 
Observation #2:  Open issues related to multi-DCI dual TCI state switch in Multi-RX WI are relevant to eUTCI requirements with simultaneous reception in mTRP scenarios in FR2
Observation #3:  Waiting for conclusions in multi-RX WI would require extension on MIMO evolution WI.
1. Do not introduce requirements for eUTCI with simultaneous reception in FR2 in Rel-18. Postpone this to future release. 
Observation #4:  RF requirements for sTXMP will not be fully defined in R18.
Proposal #11:  Existing UTCI requirements from R17 and new requirements in R18 for eUTCI if introduced are applicable to sTxMP without simultaneous UL transmission with multi panel. 
Proposal #12:  Discuss requirements for eUTCI with simultaneous transmission on UL with multi panel in future release. 

Multi-DCI mTRP
Observation #5:  For multi-DCI the scheduling PDCCH, PDSCH is transmitted from each TRP. 
Observation #6:  The existing UTCI requirements are applicable independently for PDCCH/PDCCH/PUSCH from/to each TRP if simultaneous reception in DL and simultaneous transmission in UL is not considered in FR2.
Observation #7:  The existing requirements are applicable for UE not supporting 2TA, UE supporting 2TA with RTD<CP, UE supporting 2TA with RTD>CP. 
Proposal #13:  For mDCI mTRP the existing UTCI requirements from R17 are applicable to PDCCH/PDSCH/PUSCH from/to each TRP independently with association of coresetPoolIndex and without simultaneous UL transmission or simultaneous DL reception in FR2 – for UE not supporting 2TA, UE supporting 2TA with RTD<CP, UE supporting 2TA with RTD>CP
Proposal #14:  For UE supporting RTD<CP, remove side condition of RTD<CP. 

Single-DCI mTRP
Observation #8:  For sDCI mTRP for dual TCI switch for DL requirements will not be complete if we only consider both target TCI states as known.  
Proposal #15:  Introduce requirements for sDCI mTRP with dual TCI state switch for cases when target TCI states are – {both known, both unknown, one known and one unknown}.
Observation #9:  For sDCI mTRP for dual TCI switch the TCI state in DL is switch is complete only when the UE can receive with both the target TCI states.
Proposal #16:  For MAC CE based DL dual TCI state switch the switching delay requirements are defined as:
          -  THARQ + + max{TOk1*(Tfirst-SSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)} for {known, known}
          - THARQ + + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TL1-RSRP2 +TOuk2*(Tfirst-SSB2+ TSSB-proc)} for {unknown, unknown}
          - THARQ + + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TOk2*(Tfirst-SSB2+ TSSB-proc)} for {unknown, known} 
Observation #10:  For sDCI mTRP for dual TCI switch the TCI state in UL is switch is complete only when the UE can transmit with both the target TCI states.
Proposal #17:  For MAC CE based UL dual TCI state switch the switching delay requirements are defined as:
          -  THARQ + + max{NM1* (Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms), NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS 2+ 2ms) } for {known, known}
          - THARQ + + max{ TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, TL1-RSRP2 + Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS2 + 2ms } for {unknown, unknown}
          - THARQ + + max{ TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS 2+ 2ms) } for {unknown, known} 
Observation #11:  RAN4 didn’t introduce RRC based UTCI switching delay requirements in R17. 

Proposal #18:  Do not introduce RRC based switching delay requirements for sDCI mTRP.
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