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1. Introduction 
In RAN4#107 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:
	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

Issue 3-1-2: For eUTCI, whether to support simultaneous reception in mTRP?
· Agreements
· Define eUTCI RRM requirements to support simultaneous reception in mTRP for FR1




It was agreed that R18 eUTCI RRM requirements will support both inter-cell and intra-cell scenarios. However, there was no agreement whether inter-cell mTRP scenario would apply for simultaneous reception based mTRP scheme in FR2:
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
In a parallel Rel-18 WI , RRM requirements for simultaneous reception with multi-RX in the DL in FR2 are being discussed. In the Multi-RX WI, it was agreed that requirements for simultaneous reception in FR2 would only be for intra-cell mTRP scenarios and inter-cell mTRP is currently out of scope. The main reason being that group based beam reporting is currently only for intra-cell and not supported for inter-cell scenarios. The known conditions for TCI state switch involving simultaneous reception in FR2 would be based on group based beam reporting. 
Observation #1:  RRM requirements with Multi-RX in DL is limited to inter-cell scenarios.
Observation #2:  There is no group based beam reporting for inter-cell scenarios.
Observation #3:  Known conditions TCI state switch involving simultaneous reception in FR2 would be based on group based beam reporting
Since the known conditions for TCI state switch involving simultaneous reception would be based on group based reporting we cannot define any requirements for inter-cell mTRP with simultaneous reception in FR2. Hence, for Rel-18 we should not define any RRM requirements for eUTCI for inter-cell mTRP in FR2 with simultaneous reception
Proposal #1:  Do not introduce requirements for eUTCI for inter-cell mTRP scenarios in FR2 with simultaneous reception in Rel-18. 

On requirements for sTxMP, the following was discussed in RAN4#107:
Issue 3-1-4: Whether to introduce RRM requirements for eUTCI if UE can support sTxMP? 
· Proposals
· Proposal 1: Define requirements for uTCI extension to mTRP for sTxMP.
· Proposal 2: 
· The existing requirements for unified TCI can be applicable to STxMP enhancement if simultaneous reception or transmission with multi panel is not assumed.
· Discuss requirements with simultaneous UL transmission with multi-panel in future release.
· Proposal 3: 
· Wait for further RAN1 progress
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. 
For requirements with simultaneous reception in DL in FR2, we propose to wait for completion of R18 Multi-RX WI and use the same framework to define requirements for eUTCI for simultaneous reception in FR2.
Proposal #4:  Discuss requirements for eUTCI with simultaneous reception in DL in FR2 in future release.

Multi-DCI based mTRP
For mDCI based mTRP, RAN4 needs to discuss the following:
· For mDCI based mTRP:
· FFS: For UE not support two TAs, for each TRP joint/DL/UL TCI states, R17 Active downlink/uplink TCI state switching delay for unified TCI requirements can be reused by association to corestPoolIndex.
· FFS on the known condition and UE track timing/frequency from different TRPs if two TAs
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. The known condition and UE time/frequency tracking for the TCI state is based on the RS from each TRP. This is irrespective of whether 2 TA is supported or not.
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 known condition and UE time/frequency tracking for the TCI state is based on the RS from each TRP irrespective of whether 2 TA is supported or not. 
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 simultaneous DL reception and UL transmission in FR2, further discussion in future release is needed especially for UE supporting 2 TA. 

Proposal #5:  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.
Proposal #6:  The requirements for mDCI mTRP with simultaneous DL reception and UL transmission in FR2 should be postponed to future release after multi-RX WI in R18 is completed. 

Single-DCI based mTRP
For sDCI based mTRP the following issues need to be discussed:
· FFS: Whether different RRM requirements are based on different physical channels?
· FFS: Whether to specify different RRM requirements to support one or two TCI states are switched?
· FFS: Whether to specify RRC based TCI state switch delay requirements for eUTCI?
The legacy DL TCI state, UL spatial relation and R17 unified TCI state switching requirements are specified based on the type of switch – MAC-CE, DCI and RRC. Different DL/UL physical channels were targeted for different switching delay requirements. For example, PDCCH/PUCCH for MAC-CE based switch PDSCH/PUSCH for DCI based switch. We assume the same would be applicable to eUTCI switching requirements. For eUTCI define MAC-CE based switching delay requirements for PDCCH/PUCCH and DCI based switching requirements for PDSCH/PUSCH.
Observation #8:  In legacy DL TCI state, UL spatial relation and R17 unified TCI state switching requirements, MAC-CE and DCI based switch for different DL/UL physical channels were introduced. 

Proposal #7:  For eUTCI define MAC-CE based switching delay requirements for PDCCH/PUCCH and DCI based switching requirements for PDSCH/PUSCH.

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 #9:  RAN4 didn’t introduce RRC based UTCI switching delay requirements in R17. 

Proposal #8:  Do not introduce RRC based switching delay requirements for sDCI mTRP.
For sDCI based mTRP, RAN4 should discuss requirements for dual TCI state switch and single TCI state switch. The requirements should be limited to FR1 and FR2 without simultaneous reception in the DL/ simultaneous transmission in the UL if applicable. 
Proposal #9:  For sDCI mTRP RAN4 should discuss requirements for dual TCI state switch and single TCI state switch.
Proposal #10:  RAN4 discusses requirements for FR1 and FR2 without simultaneous reception in the DL/ simultaneous transmission in the UL for eUTCI for sDCI based mTRP.
For single DCI mTRP a TCI codepoint has 2 TCI states. The TCI state switch could be for both the TCI states – dual TCI switch or for one of the TCI states – single TCI state switch. 
For single TCI state switch the existing uTCI switch requirements shall be applicable. No new requirements need to be defined for single TCI state switch for sDCI mTRP. 
Observation #10:  Existing UTCI switching delay requirements are applicable to single TCI state switch for sDCI mTRP. 

Proposal #11:  No new requirements are needed for single TCI state switch for eUTCI for sDCI based mTRP for DL and UL.
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 above are for FR1 and FR2 without simultaneous reception in the DL. 
Observation #11:  For sDCI mTRP for dual TCI switch for DL we need to consider cases where the target TCI state pair are {known, known}, {unknown, unknown}, {unknown, known} 
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 #12:  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 #12:  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 DCI based dual TCI switch for DL the requirements are only defined when both target TCI state are known and in active TCI state list. For this case the existing delay requirements are applicable.
Observation #13:   For DCI based dual TCI switch for DL the requirements are only defined when both target TCI state are known and in active TCI state list.

Proposal #13:  For DCI based DL dual TCI state switch the existing UTCI switching delay requirements are applicable.
For DCI based dual TCI switch for UL the requirements are only defined when both target TCI state are known , and the target PL-RS are maintained. For this case the existing delay requirements are applicable.
Observation #14:   For DCI based dual TCI switch for UL the requirements are only defined when both target TCI state are known and target PL-RS are maintained.

Proposal #14:  For DCI based UL dual TCI state switch the existing UTCI switching delay requirements are applicable.

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 #15:  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 #15:  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} 


For simultaneous reception in FR2 RAN4 needs to further discuss single and Dual TCI state switch in UL and DL based on the framework used in multi-RX. 
For example –
-  The definition of known condition for simultaneous reception could be based on group based beam reporting for the target TCI pair. 
- The delay requirement might need to consider additional beam refinement delay for pair of beams even if only one of the TCI states are unknown.
- The delay requirements for single TCI state switch might not be able to reuse existing requirements. 
We propose to further discuss this in future release when TCI state switch requirements in multi-RX WI is complete. 
Proposal #16:  For simultaneous reception in FR2 discuss single TCI and dual TCI state switch in future release.

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:  RRM requirements with Multi-RX in DL is limited to inter-cell scenarios.
Observation #2:  There is no group based beam reporting for inter-cell scenarios.
Observation #3:  Known conditions TCI state switch involving simultaneous reception in FR2 would be based on group based beam reporting
1. Do not introduce requirements for eUTCI for inter-cell mTRP scenarios in FR2 with simultaneous reception in Rel-18. 
Observation #4:  RF requirements for sTXMP will not be fully defined in R18.
Proposal #18:  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 #19:  Discuss requirements for eUTCI with simultaneous transmission on UL with multi panel in future release. 
Proposal #20:  Discuss requirements for eUTCI with simultaneous reception in DL in FR2 in future release.

Multi-DCI based 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 known condition and UE time/frequency tracking for the TCI state is based on the RS from each TRP irrespective of whether 2 TA is supported or not. 
Proposal #21:  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.
Proposal #22:  The requirements for mDCI mTRP with simultaneous DL reception and UL transmission in FR2 should be postponed to future release after multi-RX WI in R18 is completed. 

Single-DCI based mTRP
Observation #8:  In legacy DL TCI state, UL spatial relation and R17 unified TCI state switching requirements, MAC-CE and DCI based switch for different DL/UL physical channels were introduced. 

Proposal #23:  For eUTCI define MAC-CE based switching delay requirements for PDCCH/PUCCH and DCI based switching requirements for PDSCH/PUSCH.
Observation #9:  RAN4 didn’t introduce RRC based UTCI switching delay requirements in R17. 
Proposal #24:  Do not introduce RRC based switching delay requirements for sDCI mTRP.
Proposal #25:  For sDCI mTRP RAN4 should discuss requirements for dual TCI state switch and single TCI state switch.
Proposal #26:  RAN4 discusses requirements for FR1 and FR2 without simultaneous reception in the DL/ simultaneous transmission in the UL for eUTCI for sDCI based mTRP.
Observation #10:  Existing UTCI switching delay requirements are applicable to single TCI state switch for sDCI mTRP. 

Proposal #27:  No new requirements are needed for single TCI state switch for eUTCI for sDCI based mTRP for DL and UL.
Observation #11:  For sDCI mTRP for dual TCI switch for DL we need to consider cases where the target TCI state pair are {known, known}, {unknown, unknown}, {unknown, known} 
Observation #12:  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 #28:  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 #13:   For DCI based dual TCI switch for DL the requirements are only defined when both target TCI state are known and in active TCI state list.
Proposal #29:  For DCI based DL dual TCI state switch the existing UTCI switching delay requirements are applicable.
Observation #14:   For DCI based dual TCI switch for UL the requirements are only defined when both target TCI state are known and target PL-RS are maintained.
Proposal #30:  For DCI based UL dual TCI state switch the existing UTCI switching delay requirements are applicable.
Observation #15:  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 #31:  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} 


Proposal #32:  For simultaneous reception in FR2 discuss single TCI and dual TCI state switch in future release.
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