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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous meeting RAN4 agreed on Further study and if needed specify extension of unified TCI framework RRM requirements to M-TRP. In this contribution, we provide our views on the unified TCI state switch requirements for M-TRP. 
Discussion
[bookmark: _Toc5952573]In last meeting following WF is agreed.
· 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.
When UE support simultaneous reception, in the TCI state switching requirements, only fine timing needs to be performed simultaneously. Moreover, Ran4 defined Dual TCI states switching requirements for simultaneous reception in multi-RX WI. We think same principles can be reused here.  If companies are worried about the workload, we can restrict the requirements to only known case.
Proposal 1:  Define requirements for eUTCI with simultaneous reception in DL in FR2 by considering dual TCI state switch requirements of FR2 multi-rx as baseline and considering only known case.
Other issue discussed was sTXMP. Following WF is agreed.
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.
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Figure 1: Switching between single UL and STxMP

If a UE supports sTXMP, NW can activate two UL TCI states and can indicate which TCI state to be used for each UL transmission occasion. In some slots, NW can indicate transmission to both the TRP (e.g., if the SRSI is 2 in the above figure). In some slots NW can indicate to transmission to a particular TRP (TRP 1 or TRP 2 based on the indicated SRSI value). The switch from single UL to dual UL using sTXMP happens very fast as UE already know what spatial relations for the indicated TCI states are. 
As part of the sTXMP requirements what we need to discuss in RAN4 is when the indicated TCI states needs to be switched (e.g., if NW indicates TCI1 and TCI2 first and then after some time NW wanted to change the indicated TCI states to TCI4 and TCI5). To change the TCI pair or to change the TCI state, DCI based, and MAC CE based procedures are supported by RAN1. The DCI based and MAC CE based TCI state switch needs to consider both sDCI and mDCI. 
When UE switching from two TCI states to one TCI state, we think existing requirements can be applied. Only issue we need to discuss is when both the TCI states needs to be switched. Since dual DL TCI state switching are discussed in Rel-18 multi-RX WI, and we can reuse the same principles.
Rel-17 UL switching requirement is copied below for the reference. From RAN1 point of view, nothing has changed for each of the individual TCI state switching for sTXMP. 
	The requirements in this clause are applicable only if the DCI format indicating UL TCI state or joint TCI state switch is received by UE when
-	target TCI state is known, and
-	target TCI state is in active TCI state list, and
-	target PL-RS is maintained as defined in clause 8.16.3
If the target TCI state is known, the uplink TCI switching to the indicated UL TCI state or joint TCI state in the DCI format shall be completed starting from the first slot that is at least BeamAppTime-r17 symbols after the last symbol of the PUCCH carrying HARQ-ACK in response to the DCI triggering TCI state activation. The first slot and the beamAppTime-r17 symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The value of beamAppTime-r17 is defined in TS 38.331 [2]. The known condition for TCI state defined in clause 8.16.2 is applied.
If a PL-RS is associated with or included in UL TCI state or joint TCI state, the UL TCI switching and PL-RS switching shall be completed at the same time.



For sDCI based DCI based TCI state switching, reuse the legacy UL TCI state switching requirements for each TCI state.
For mDCI based DCI based TCI state switching, we have sent LS to RAN1 for clarification and we can wait for RAN1 reply.
For sDCI based MAC CE based TCI state switching, we think we can reuse the legacy UL TCI state switch requirements.
For mDCI based MAC CE based TCI state switching, we think we can reuse the legacy UL TCI state switch requirements.
Proposal 2:  RAN4 to agree on following for sTXMP
· For sDCI based DCI based TCI state switching, reuse the legacy UL TCI state switching requirements.
· For mDCI based DCI based TCI state switching, we have sent LS to RAN1 for clarification, and we can wait for RAN1 reply. 
· For sDCI based MAC CE based TCI state switching, we think we can reuse the legacy UL TCI state switch requirements.
· For mDCI based MAC CE based TCI state switching, we think we can reuse the legacy UL TCI state switch requirements.
 
Single DCI based TCI state switching

For MAC CE based TCI state switch delay, following cases are discussed. Following legacy principle, we think RAN4 can define requirements for all three cases. 
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

Proposal 3:  RAN4 to define MAC CE based TCI state switching requirements for all the combination of known and unknown cases.
For the three cases, delay requirements are discussed in last meeting. As per our understanding all the options where the delay is specified, they are same and any of the option can be adapted to define the delay requirements.
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

Proposal 4:  Ran4 to agree following as delay requirement when both TCI state are known 
· Define MAC CE based DL dual TCI state switch the switching delay requirements as: THARQ + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TOk2*(Tfirst-SSB2+ TSSB-proc)}
· Define MAC CE based UL dual TCI state switch the switching delay requirements as: 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:  Ran4 to agree following as delay requirement, when one TCI state is known and other is unknown 
· Define MAC CE based DL dual TCI state switch the switching delay requirements as: THARQ + max {TOk1*(Tfirst-SSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)}
· Define MAC CE based UL dual TCI state switch the switching delay requirements as: 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 6:  Ran4 to agree following as delay requirement when both TCI states are unknown 
· Define MAC CE based DL dual TCI state switch the switching delay requirements as: THARQ + max {TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TL1-RSRP2 +TOuk2*(Tfirst-SSB2+ TSSB-proc)}
· Define MAC CE based UL dual TCI state switch the switching delay requirements as: THARQ + max {TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, TL1-RSRP2 + Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS2 + 2ms}

Multi-DCI based TCI state switching

In last meeting following WF is agreed.
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

When UE supports two TA, UE can support two DL reference timing. That means DL reference timing is different for each TCI state. UE needs to acquire timing for each TCI state and UE can do that in parallel. From that perspective we think the TCI state switching are still independent.

Proposal 7:  For mDCI based mTRP, even for UEs supporting two TAs and capable to support RTD > CP, the requirements for each TRP’s TCI state switching are independent.  The requirements for switching each TRP’s TCI state can reuse Rel-17 unified TCI state switching requirements. 
 
Summary and Conclusion
In this contribution we have analysed extension of unified TCI framework RRM requirements to M-TRP and made following proposals. 
Proposal 1:  Define requirements for eUTCI with simultaneous reception in DL in FR2 by considering dual TCI state switch requirements of FR2 multi-rx as baseline and considering only known case.

Proposal 2:  RAN4 to agree on following for sTXMP
· For sDCI based DCI based TCI state switching, reuse the legacy UL TCI state switching requirements.
· For mDCI based DCI based TCI state switching, we have sent LS to RAN1 for clarification, and we can wait for RAN1 reply. 
· For sDCI based MAC CE based TCI state switching, we think we can reuse the legacy UL TCI state switch requirements.
· For mDCI based MAC CE based TCI state switching, we think we can reuse the legacy UL TCI state switch requirement

Proposal 3:  RAN4 to define MAC CE based TCI state switching requirements for all the combination of known and unknown cases.

Proposal 4:  Ran4 to agree following as delay requirement when both TCI state are known 
· Define MAC CE based DL dual TCI state switch the switching delay requirements as: THARQ + max {TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TOk2*(Tfirst-SSB2+ TSSB-proc)}
· Define MAC CE based UL dual TCI state switch the switching delay requirements as: 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:  Ran4 to agree following as delay requirement, when one TCI state is known and other is unknown 
· Define MAC CE based DL dual TCI state switch the switching delay requirements as: THARQ + max {TOk1*(Tfirst-SSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)}
· Define MAC CE based UL dual TCI state switch the switching delay requirements as: 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 6:  Ran4 to agree following as delay requirement when both TCI states are unknown 
· Define MAC CE based DL dual TCI state switch the switching delay requirements as: THARQ + max {TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TL1-RSRP2 +TOuk2*(Tfirst-SSB2+ TSSB-proc)}
· Define MAC CE based UL dual TCI state switch the switching delay requirements as: THARQ + max {TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, TL1-RSRP2 + Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS2 + 2ms}

Proposal 7:  For mDCI based mTRP, even for UEs supporting two TAs and capable to support RTD > CP, the requirements for each TRP’s TCI state switching are independent.  The requirements for switching each TRP’s TCI state can reuse Rel-17 unified TCI state switching requirements. 
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SRS resource set indicator (SRSI): 2 bits SRS resource indicator (SRI): 0—1 bits

State Description For testing up to 2 virtualizations (SRS
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