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1 Introduction
[bookmark: OLE_LINK107]According to WF [1] and WF [2], RAN4 had some agreements in meetings while some issues were discussed without conclusion yet. In this paper, we provided our view on the core part requirement.
2 Discussion
[bookmark: OLE_LINK99]In the following section, the requirement of dual TCI states switching requirement, scheduling restriction and RLM/BFD/CBD are discussed.
[bookmark: OLE_LINK123]2.1 Dual TCI states switching requirement
Last meeting, RAN4 reached the agreement on DL dual TCI state switching requirements for sDCI mTRP. Longer delay is expected for case 3 (one TCI state is known, another TCI state is unknown.)
	Issue 2-1-3: For sDCI mTRP, how to specify DL MAC CE based dual TCI state switch the switching delay requirements for Case 3, if SSB are adjacent in FR2?
< Agreement>: 
· Longer delay is expected


In our understanding, when it comes to unknown TCI state for dual TCI state switching, longer delay is expected for both sDCI and mDCI since current delay requirement is not always correct.
We provided several cases to point out the problem of current delay requirement: 
· Case 1: The TCI state which is known and two TRPs have the same SSB periodicity and when TOk=1
According to the above agreement, TCI state switching delay is
· [Known]: THARQ + + TOk*(Tfirst-SSB + TSSB-proc + OL*TSSB) = THARQ + + Tfirst-SSB + TSSB-proc (TOk=1 and OL=0)
· UE uses the first SSB to perform T/F tracking on the known TCI state
· [Unknown]: THARQ + + TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc + TSSB) = THARQ + + TL1-RSRP (TOuk = 0 for SSB based L1-RSRP measurement when TCI state switching involves QCL-TypeD)
· The first SSB may be also used for L1-RSRP measurement of the unknown TCI state. 
· It is not right as the first-SSB occasion cannot be used both for T/F tracking on one TRP and L1-RSRP measurement on another TRP when overlapping in FR2.
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· Case 2: The QCL source of the unknown TCI state is CSI-RS which is overlapped with SSB of the known TCI state.
· In this case, either UE should postpone T/F tracking on the known TCI state or postpone L1-RSRP measurement on the unknown TCI state. Anyway, how to handle this case is not considered yet in the current requirement.
· Case 3: unknown + unknown and the QCL source of two TCI states are both CSI-RS.
· As we didn’t define CSI-RS based L1-RSRP measurement requirements for RTD>CP case, the corresponding definition of “TL1-RSRP ” in the equation is missing.
· Case 4: unknown + unknown and the QCL source of two TCI states are both SSB in intra-cell mTRP.
· RAN4 has defined L1-RSRP measurement requirements for non-serving cell with different PCI and defined the sharing factor when SSB of non-serving cell and serving cell are overlapping or adjacent. For intra-cell mTRP, SSB for two TRPs will have the same PCI, the timing difference of the two TRPs may be even larger than CP as discussed last meeting. But we never discussed the sharing factor between two SSB beams of the same cell yet.
As unknown case is not a common case, we don’t think it is worthy to spend a lot of effort to complete the corresponding requirements. We suggest that if any of the dual TCI state is unknown and the RSs are overlapping or adjacent in FR2, then longer delay is expected.
Observation 1: For mDCI and sDCI mTRP, when any of the dual TCI state is unknown and the RSs are overlapping or adjacent in FR2, the requirements defined are not always correct.
Proposal 1: For mDCI and sDCI mTRP, when any of the dual TCI state is unknown and the RSs are overlapping or adjacent in FR2, no need to define the specific requirements and make it clear that longer delay is expected in this case.

Regarding mDCI MAC-CE UL TCI state switching, there’s one open issue, i.e., whether to consider additional time to track DL reference RS for 2TAs for separate UL TCI state switching. 
	Issue 2-1-4-a: For mDCI mTRP, how to specify UL TCI state switching requirements for eUTCI if UE supporting two TAs and but not supporting RTD>CP? 
<Way forward >
Option 1
· Known case: THARQ +  + TOk-ref (Tfirst-SSB-DLRef + 2ms)+NM*( Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms)
· Unknown case: THARQ +  + TL1-RSRP + TOuk-ref (Tfirst-SSB-DLRef + 2ms)+ Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms
[image: ]
Option 3 
· RAN4 shall discuss which reference signal is considered as the one associated with the UL/joint TCI state, and whether it can be assumed that the associated reference signal is always monitored by UE.
Option 4
· Make a down-selection from the three options for separate UL TCI state switching in mDCI mTRP:
· Option 1: Add additional time for T/F tracking for separate TCI state switching.
· Option 2: Not add additional time for T/F tracking and UE is not mandatory to meet uplink timing requirements for separate TCI state switching.
· Option 3: Align the same rule as joint UL TCI state switching: UE is not expected to transmit on UL based on the target TCI state unless DL TCI state switch has also been activated yet.
Option 5 
· if PL-RS is maintained, use legacy Rel-17 requirements. If PL-RS is not maintained, add further SSB timing and frequency tracking.

Issue 2-1-4-b: For mDCI mTRP, how to specify UL TCI state switching requirements for eUTCI if UE supporting two TAs and supporting RTD>CP in FR1? 
<Way forward >
[image: ]
Option 3 
· RAN4 shall discuss which reference signal is considered as the one associated with the UL/joint TCI state, and whether it can be assumed that the associated reference signal is always monitored by UE.
Option 4 
· Make a down-selection from the three options for separate UL TCI state switching in mDCI mTRP:
· Option 1: Add additional time for T/F tracking for separate TCI state switching.
· Option 2: Not add additional time for T/F tracking and UE is not mandatory to meet uplink timing requirements for separate TCI state switching.
· Option 3: Align the same rule as joint UL TCI state switching: UE is not expected to transmit on UL based on the target TCI state unless DL TCI state switch has also been activated yet.
Option 5 
· if PL-RS is maintained, use legacy Rel-17 requirements. If PL-RS is not maintained, add further SSB timing and frequency tracking.


In the case of joint TCI state switch, we don’t think additional time for tracking is necessary since UE is not expected to transmit UL on target TCI state before UE completes both DL and UL TCI state switching. As long as UE has completed DL and UL TCI state switching, T/F has been tracked. In our understanding, the divergence lies in the requirements for separate UL TCI state switching.
This is not a new issue. When defining UL spatial relation switch delay, similar issue had been discussed. The final conclusion is: RAN4 did not consider additional time tracking for UL spatial relation switch but UE is not mandatory to guarantee uplink performance. This is a compromised solution. If we remember right, NW vendors prefer shorter delay to guarantee uplink performance.
Take above into consideration, we think there can three options to resolve this issue:
· Option 1: Add additional time for T/F tracking for separate TCI state switching.
· Option 2: Not add additional time for T/F tracking and UE is not mandatory to meet uplink timing requirements for separate TCI state switching.
· Option 3: Align the same rule as joint UL TCI state switching: UE is not expected to transmit on UL based on the target TCI state unless DL TCI state switch has also been activated yet.
We provide our understanding for the three options:
· Option 1: It’s quite straightforward to add additional timing tracking for second TA in mTRP. This option guarantees uplink performance but leads to longer delay requirement.
· Option 2: The delay is short but may cause uplink performance loss.
· Option 3: We think it is generally true for PUSCH and PUCCH. But it may be not necessary for SRS.
Since we don’t have strong preference and open to make a down-selection from the three options.
[bookmark: _Ref159265059]Proposal 2: RAN4 to make a down-selection from the three options for separate UL TCI state switching in mDCI mTRP:
· Option 1: Add additional time for T/F tracking for separate TCI state switching.
· Option 2: Not add additional time for T/F tracking and UE is not mandatory to meet uplink timing requirements for separate TCI state switching.
· Option 3: Align the same rule as joint UL TCI state switching: UE is not expected to transmit on UL based on the target TCI state unless DL TCI state switch has also been activated yet.
In addition, longer delay is also expected for unknown TCI state on UL TCI state switching for both sDCI and mDCI. Since the current delay requirement of L1-RSRP has the same problem which is mentioned in previous case 3 and case 4. Therefore, the following proposal is suggested:
Observation 2: Current delay requirement of L1-RSRP still has the same problem which is mentioned in previous case 3 and case 4.
Proposal 3: Longer delay is expected for unknown TCI state on UL TCI state switching for both sDCI and mDCI.

For sDCI mTRP, RAN4#108bis reached the agreement [2] on MAC CE based dual UL TCI state switching delay as yellow highlighted below. But the condition “PL-RS are not overlapped or adjacent” in agreement is not captured in TS 38.133 yet. Although this condition was agreed in sDCI mTRP, it is also applicable to mDCI mTRP. Therefore, we think it should add this clarification in spec for UL MAC CE based dual TCI states switching requirement.

	RAN4 108 bis
Issue 4-1-5: For sDCI mTRP if dual TCI state is switched, if UE cannot support simultaneous DL reception in FR2, how to specify MAC CE based dual TCI state switch the switching delay requirements for Case 1? 
Agreement: 
For sDCI, MAC CE based dual TCI state switch the switching delay requirements for Case 1:
MAC CE based dual TCI state switch requirement: 
FR1 and FR2 (SSB are not adjacent):
· DL: THARQ +  + max{TOk1*(Tfirst-SSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)} / NR slot length
FR2 (SSB are adjacent):
·  Longer delay is expected or one SSB period extension is needed. 
UL MAC CE based dual TCI state switch requirement:
PL-RS are not overlapped or adjacent: 
· UL:
· THARQ +  + max{NM1* (Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms), NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS 2+ 2ms) } / NR slot length
PL-RS (CSI-RS is used as PL-RS) are overlapped or adjacent:
· No requirements.
Issue 4-1-7: For sDCI mTRP if dual TCI state is switched, if UE cannot support simultaneous DL reception in FR2, how to specify MAC CE based dual TCI state switch the switching delay requirements for Case 3? 
Agreement: 
MAC CE based dual TCI state switch requirement: 
FR1 and FR2 (SSB are not adjacent):
THARQ +  + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TL1-RSRP2 +TOuk2*(Tfirst-SSB2+ TSSB-proc)} / NR slot length
FR2 (SSB are adjacent):
·  Longer delay is expected or one SSB period is needed. 
UL MAC CE based dual TCI state switch requirement:
PL-RS are not overlapped or adjacent: 
· THARQ +  + max{ TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, TL1-RSRP2 + Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS2 + 2ms } / NR slot length
PL-RS (CSI-RS is used as PL-RS) are overlapped or adjacent:
· No requirements.


[bookmark: _Ref158638952]Proposal 4: Make it clear that the requirements defined for MAC CE based dual UL TCI states switching requirement for sDCI and mDCI in clauses 8.23.3 and 8.24.3 in TS 38.133 are only applicable when PL-RS of the two TCI states are not overlapped or adjacent.

2.2 Scheduling restriction
last RAN4 meeting reached the following agreement on the requirement of L1-RSRP measurement when RTD > CP in FR1.
	[bookmark: OLE_LINK113]Issue 2-1-7: Measurement restriction of L1-RSRP measurement when RTD>CP in FR1
< Agreement >
· If UE not support twoTA or UE support twoTAs but not support RTD>CP, the same as legacy.
· if the two TA is supported and UE supported RTD>CP,
· For serving cell SSB L1-RSRP, when [the SSB for L1-RSRP measurement and CSI-RS for RLM, BFD, CBD or L1-RSRP measurement are overlapping or partially overlappingin OFDM symbols]
· SSB and CSI-RS: same SCS, no restriction;
· SSB and CSI-RS: different SCS, 
· With simultaneousRxDataSSB-DiffNumerology, no restriction
· No simultaneousRxDataSSB-DiffNumerology, with restriction to measure just one
· For a cell with different PCI from serving cell,when [the SSBfor L1-RSRP measurement and SSBtransmitted from serving cell(s) for RLM, BFD, CBD or L1-RSRP measurement are overlapping or partially overlapping in OFDM symbols],
· no restriction
· For cell with different PCI from serving cell, when [the SSBfor L1-RSRP measurement and CSI-RStransmitted from serving cell(s) for RLM, BFD, CBD or L1-RSRP measurement are overlapping or partially overlapping in OFDM symbols],
· SSB and CSI-RS: same SCS, no restriction;
· SSB and CSI-RS: different SCS, 
· With simultaneousRxDataSSB-DiffNumerology, no restriction
· No simultaneousRxDataSSB-DiffNumerology, with restriction to measure just one

Issue 2-1-8: Scheduling restriction of L1-RSRP measurement when RTD>CP in FR1
<Agreement>:
For serving cell or cell with different PCI from serving cell:
· If UE not support twoTA or UE support twoTAs but not support RTD>CP, the same as legacy.
· If two TA and RTD>CP is supported:
· Scheduling availability of UE performing L1-RSRP measurement with a same subcarrier spacing as PDSCH/PDCCH on FR1：no restriction
· Scheduling availability of UE performing L1-RSRP measurement with a different subcarrier spacing as PDSCH/PDCCH on FR1：
· Option 1: 
· Support simultaneousRxDataSSB-DiffNumerology: no restriction
· not support simultaneousRxDataSSB-DiffNumerology
· The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols and 1 symbol before and after symbolscorresponding to the SSB indexes configured for L1-RSRP measurement
· Option 2: 
· no restriction
· Option 3: 
· Support simultaneousRxDataSSB-DiffNumerology: no restriction
· not support simultaneousRxDataSSB-DiffNumerology
· The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols which are overlapped or partially overlapped with SSB symbols configured for L1-RSRP measurement
· For cell with different PCI from serving cell, Scheduling availability of UE performing L1-RSRP measurement in TDD bands on FR1
· Option 1: 
· The UE is not expected to transmit PUCCH/PUSCH/SRS on the same symbols and 1 symbol before or after the OFDM symbols corresponding to the SSB indexes configured for L1-RSRP measurement, where the transmission of PUCCH/PUSCH/SRS may be on serving cell(s) and cell(s) with PCI different from serving cell(s), and restricted symbols may partially or fully overlap with UL symbols
· Option 2: 
· no restriction
· Option 3: 
· The UE is not expected to transmit PUCCH/PUSCH/SRS on the symbols configured for L1-RSRP measurement which are overlapped or partially overlapped with SSB symbolsconfigured for L1-RSRP measurement.
Issue 2-1-9: when RTD>CP in FR1, update of other requirements as RLM/BFD/…?
<Way forward>
-    Option 1: RAN4 to discuss and confirm whether other RRM requirements can be applicable, if needed, how to clarify the side condition of RTD>CP



We summarize the principle of measurement and scheduling restriction for L1-RSRP measurement when RTD > CP in FR1 as below:
· Measurement restriction:
· The RS for L1-RSRP measurement with the same SCS as PDSCH/PDCCH on FR1: No restriction.
· The RS for L1-RSRP measurement with different SCS as PDSCH/PDCCH on FR1:
· For UE capable of simultaneousRxDataSSB-DiffNumerology: No restriction.
· For UE capable of simultaneousRxDataSSB-DiffNumerology: With restriction.
· Scheduling restriction:
· For issue 2-1-8, we further discuss option 1 and option 3.
· For option 1, UE is not required to monitor 1 data symbol before and after the symbols configured for SSB L1-RSRP measurement. This is the same as legacy scheduling restriction for L3 measurement.
· For option 3, UE is required to monitor if the data symbol is overlapped or partially overlapped with SSB symbols configured for L1-RSRP measurement. Also, NW can check if there’s scheduling restriction by itself.
· We support option 3 since the description (overlapped or partially overlapped) is more generic than option 1. This is also the same rule as measurement restriction which agreed in last RAN4 meeting.
[bookmark: _Ref159258805]Proposal 5: The UE is not expected to transmit PUCCH/PUSCH/SRS on the symbols configured for L1-RSRP measurement which are overlapped or partially overlapped with SSB symbols configured for L1-RSRP measurement.

2.3 The requirement of RLM, BFD and CBD when RTD > CP
	Issue 2-1-9: when RTD>CP in FR1, update of other requirements as RLM/BFD/…?
<Way forward>
-    Option 1: RAN4 to discuss and confirm whether other RRM requirements can be applicable, if needed, how to clarify the side condition of RTD>CP


In our understanding, the requirement of RLM, BFD and CBD when RTD > CP is still unclear in current spec. There’s no statement for RTD > CP applicability defined in the requirement of RLM, BFD and CBD. Similar as L1-RSRP measurement, the evaluation delay of RLM/BFD/CBD when RTD>CP is the same as the requirements when RTD<CP in FR1. We are open to discuss how to address this in spec.
Regarding FR2, RAN4 agreed not to consider RTD>CP for L1-RSRP measurement in R18 MIMO. Similarly, we propose not to consider RTD>CP for RLM/BFD/CBD in FR2 in R18 MIMO. Take BFD for instance, UE is required to measure SSB for L1 measurement on the BFD evaluation period in FR2. But when SSB is overlapping or adjacent to the SSB of the other TRP, we never discussed how to handle this case in legacy requirement of L1 measurement (RLM, BFD and CBD). Therefore, we need to make it clear that the current RLM, BFD and CBD requirements are not applicable to RTD > CP in FR2.
[bookmark: _Ref159258808]Proposal 6: The legacy evaluation delay of RLM/BFD/CBD is applicable to RTD>CP case in FR1. The legacy RLM, BFD and CBD requirements are not applicable to RTD>CP case in FR2.
	
3 [bookmark: _Hlk94866332]Summary
In this paper, the discussion of R18 MIMO is provided. We have the following proposals:
Observation 1: For mDCI and sDCI mTRP, when any of the dual TCI state is unknown and the RSs are overlapping or adjacent in FR2, the requirements defined are not always correct.
Proposal 1: For mDCI and sDCI mTRP, when any of the dual TCI state is unknown and the RSs are overlapping or adjacent in FR2, no need to define the specific requirements and make it clear that longer delay is expected in this case.
Proposal 2: RAN4 to make a down-selection from the three options for separate UL TCI state switching in mDCI mTRP:
· Option 1: Add additional time for T/F tracking for separate TCI state switching.
· Option 2: Not add additional time for T/F tracking and UE is not mandatory to meet uplink timing requirements for separate TCI state switching.
· Option 3: Align the same rule as joint UL TCI state switching: UE is not expected to transmit on UL based on the target TCI state unless DL TCI state switch has also been activated yet.
Observation 2: Current delay requirement of L1-RSRP still has the same problem which is mentioned in previous case 3 and case 4.
Proposal 3: Longer delay is expected for unknown TCI state on UL TCI state switching for both sDCI and mDCI.
Proposal 4: Make it clear that the requirements defined for MAC CE based dual UL TCI states switching requirement for sDCI and mDCI in clauses 8.23.3 and 8.24.3 in TS 38.133 are only applicable when PL-RS of the two TCI states are not overlapped or adjacent.
Proposal 5: The UE is not expected to transmit PUCCH/PUSCH/SRS on the symbols configured for L1-RSRP measurement which are overlapped or partially overlapped with SSB symbols configured for L1-RSRP measurement.
Proposal 6: The legacy evaluation delay of RLM/BFD/CBD is applicable to RTD>CP case in FR1. The legacy RLM, BFD and CBD requirements are not applicable to RTD>CP case in FR2.
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