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1 Introduction
In RAN4#108 meeting, there are some remaining issues regarding to dual TCI state activation. In this contribution, we will further discuss the following issues:
	· xTXMP
· MAC CE based DL TCI state activation delay in sDCI
· MAC CE based DL TCI state activation delay in mDCI
· MAC CE based UL TCI state activation delay


2 Discussion
2.1 sTXMP
	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.




Since the RF requirements for sTxMP has not been defined in R18 and the testability for UL multi-panel may not be ready. We suggest to discuss RRM requirement for sTxMP in future release.
Proposal 1：Discuss RRM requirement for sTxMP in future release.
In last meeting, it’s agreed that TCI state activation requirement for simultaneous reception will be deprioritized. In the following, we are discussing TCI state activation requirement for non-simultaneous reception.
2.2 MAC CE based DL TCI state activation in sDCI

	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 legacy TCI activation, each TCI states are considered independently and we have requirement that target TCI states can be known or unknown. In mTRP scenario, for simultaneous reception case, in order to guarantee that beam pair can be received with good quality, the requirement is defined for known case only. While for non-simultaneous reception case, one panel will be used at each time slot. The two TCI states are independent. Therefore, similar as legacy, for each TCI state, the requirement can be defined for the combination of known and unknown TCI states.
Proposal 2: For non-simultaneous reception scenario in mTRP, define requirement for both known and unknown case.

	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? 

· 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
Where case 1, case 2 and case 3 are defined as below:
· Case 1: (Apple, Samsung, Ericsson, MediaTek)
· If both target TCIs are known
· Case 2: (Apple, Samsung, Ericsson)
· If one of target TCIs is unknown and another is known
· Case 3: (Apple, Samsung, Ericsson)
· If both target TCIs are unknown




2.2.1 Known TCI state + known TCI state
For case 1, if both target TCI states are known but in the active TCI state list, we need to consider whether two SSBs from two TRPs are overlapped or not.
Scenario 1: two SSBs from two TRPs are not overlapped
If two SSBs from two TRPs are not-overlapped, the maximum delay will be the largest delay between two TCI activations. Option 1 and option 2 are similar. Both are fine. We slight prefer option 2 which is more concise. The delay is:
n+ THARQ + +TOk1* max (Tfirst-SSB1, Tfirst-SSB2) + TSSB-proc 
Scenario 2: two SSB from two TRPs are overlapped 
When two SSB from two TRPs are overlapped, one of the SSBs will be dropped in confliction symbol and additional delay is required. It’s similar as the case for MAC CE based TCI state list update defined in Rel-17 where one MAC CE will activate multiple TCI states. When the first SSBs from two TRPs are overlapped, UE can drop the SSB whose periodicity is smaller, then UE can receive the corresponding 2nd SSB faster.



The total delay will be:
n+ THARQ + + TOk*(Tfirst-SSB+ min(TSSB_TRP1, TSSB_TRP2)+ TSSB-proc) 
where Tfirst-SSB is the first SSB after MAC CE command. min(TSSB_TRP1, TSSB_TRP2) is the smaller SSB periodicity between two TRPs.

Proposal 3: For sDCI, MAC CE based TCI activation delay requirement is:
· if both TCI states are known and SSBs from two TRPs for T/F tracking are not overlapped, the delay requirement is:

n+ THARQ + +TOk* max (Tfirst-SSB1, Tfirst-SSB2) + TSSB-proc 
· if both TCI states are known and SSBs from two TRPs for T/F tracking are overlapped, the delay requirement is:

n+ THARQ + + TOk*(Tfirst-SSB+ min(TSSB_TRP1, TSSB_TRP2)+ TSSB-proc) 
2.2.2 Known TCI state + unknown TCI state
For this combination, RX beam sweeping will be performed for one TCI state and SSB for extra time tracking may be needed for another TCI state. 
Scenario 1: SSB for T/F tracking is not overlapped with SSB/CSI-RS for L1-RSRP measurement
If the SSB for RX beam sweeping or SSB for time tracking is not overlapped. The maximum length between two activations will be chosen. 
Scenario 2: SSB for T/F tracking from one TRP is overlapped with SSB/CSI-RS for L1-RSRP measurement from another TRP
It needs to consider the case that when SSBs for two purposes are overlapped. In current L1-RSRP measurement, it only considers the case that two SSB for L1-RSRP measurement are overlapped. The measurement period will be extended due to overlapping. In legacy requirement, when SSB for L1-RSRP are overlapped with SSB for other purpose in FR2, measurement restriction is defined.
	 when the SSB for L1-RSRP measurement on one CC is in the same OFDM symbol as SSB transmitted from serving cell(s) for RLM, BFD, or CBD measurement on the same CC or different CCs in the same band, UE is required to measure one of but not both the two SSBs. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.



However, it didn’t consider that SSB for L1-RSRP is overlapped with SSB used for TCI activation of another TRP. Suppose TCI state 1 is unknown and TCI state 2 is known. Changing the measurement period of TCI state 1 will be more complex. For simplicity, it’s better that time/frequency tracking for TCI state 2 can be applied after RX beam sweeping of TCI state 1. In this case, one extra SSB is needed for the total delay. 

The total delay is:
n+ THARQ + + TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc) + TOk2*(Tfirst-SSB2+ TSSB-proc)

where Tfirst-SSB2 is the time gap between the first SSB of TRP 2 after L1-RSRP measurement for TRP1. Here, TCI state of TRP1 is unknown and TCI state of TRP2 is known.
If CSI-RS is used for L1-RSRP measurement of TRP 1, Similar as SSB based L1-RSRP, one extra SSB is needed for the total delay.
Proposal 4: For sDCI, if one TCI state is known and another TCI state is unknown, the delay requirement is:
· when SSB for T/F tracking is not overlapped with SSB for L1-RSRP:
n+ THARQ + + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TOk2*(Tfirst-SSB2+ TSSB-proc)}

· when SSB for T/F tracking is overlapped with SSB for L1-RSRP, one more SSB is needed:
n+ THARQ + + TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc) + TOk2*(Tfirst-SSB2+ TSSB-proc)
where Tfirst-SSB2 is the time gap between the first SSB of TRP 2 after L1-RSRP measurement for TRP1. TCI state of TRP1 is unknown and TCI state of TRP2 is known.
2.2.3 unknown TCI state + unknown TCI state
When two TCIs states are unknown, L1-RSRP for both TCI states will be performed. In current L1-RSRP measurement, it already considers the SSB confliction case. Therefore, for both overlap and non-overlap case, the maximum delay between two TRPs can be chosen.

Proposal 5: For sDCI, if both TCI state are unknown, the delay requirement is:

 n+ THARQ + + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TL1-RSRP2 +TOuk2*(Tfirst-SSB2+ TSSB-proc)}
2.3 MAC CE based DL TCI activation requirement in mDCI
2.3.1 Known TCI state + Known TCI state
If two TCI states are not in the active TCI state lists, extra T/F tracking is needed. After MAC CE decoding, if the first two SSBs from two TRPs are not overlapped, the delay requirement can be defined for each TCI states respectively. The legacy requirement can be re-used. 
However, if SSBs from two TRPs are overlapped, UE can only receive one SSB at one time. Then one of two TCI state activation delays needs to be extended due to confliction. The delay requirement for two TRP will be different. Suppose that UE will receive and process SSB from TRP1 for T/F tracking, then TCI activation delay for TRP2 will be extended.
The TCI state activation delay for TRP1：
n+ THARQ + + TOk*(Tfirst-SSB + TSSB-proc) 
The TCI state activation delay for TRP2：
n+ THARQ + + TOk*(Tfirst-SSB + TSSB2 + TSSB-proc)
Where TSSB2 is one additional SSB for TRP2 as UE will skip the first SSB.
Observation 1: for mDCI, if SSB from two TRPs for T/F tracking is overlapped, then one of two TCI state activation delays needs to be extended due to confliction. The delay requirement for two TRP will be different.
If delay requirement is defined for each TRP respectively, then the delay requirement for two TRP will be different. RAN4 needs to discuss how to define delay requirement for mDCI when SSBs from two TRPs are overlapped. There are two possible options:
1. Define delay requirement for each TRP respectively but the delay requirement will be different for two TRPs.
2. Define total delay for two TRPs
Proposal 6: For mDCI, when both target TCI states are known, RAN4 needs to discuss how to define delay requirement when SSBs from two TRPs for T/F tracking are overlapped.
Besides, it’s FFS which SSB will be skipped when confliction happen and it will also have impact on delay requirement. For example, in mDCI case, two MAC CE may not arrive at the same time. UE may receive SSB with earlier MAC CE command and skip SSB with later MAC CE command. It’s also possible that UE will skip SSB with smaller periodicity, similar as sDCI case.
Proposal 7: For mDCI, RAN4 needs to discuss which SSB will be skipped when two SSBs from two TRPS are overlapped.
2.3.2 Known TCI state + unKnown TCI state
Similarly, SSB for T/F tracking from one TRP may be overlapped with SSB/CSI-RS for L1-RSRP measurement from another TRP. When confliction happen, the delay will be extended for one of the TRPs and the delay requirement will be different for two TRPs. RAN4 also needs to discuss how to define requirement for this case.

Proposal 8: For mDCI, when one target TCI state is unknown while another TCI state is known, RAN4 needs to discuss how to define delay requirement when SSB for T/F tracking is overlapped with SSB/CSI-RS for L1-RSRP measurement from another TRP.
2.4 MAC CE based UL TCI state activation

For legacy UL TCI state activation delay is:
n+THARQ +  + NM* (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms) / NR slot length. 
When PL-RS is not maintained, extra pathloss calculation time is needed. When there are two TRPs, similar as DL TCI activation, when two PL-RSs for pathloss calculation for two TCI states are overlapped, extra delay is needed. Another option is to define measurement restriction for this case.
Besides, it’s also possible that SSB for DL T/F tracking is overlapped with PL-RS for UL pathloss calculation. RAN4 also needs to consider how to define requirement for this scenario.
Observation 2: For MAC CE based UL TCI state activation, it’s possible that two RSs for pathloss calculation for two TCI states are overlapped or SSB for DL T/F tracking is overlapped with PL-RS.
Proposal 9: For MAC CE based UL TCI state activation in mTRP, RAN4 to discuss how to define requirement when two PL-RS are overlapped or SSB for DL T/F tracking is overlapped with PL-RS.
3 Conclusion
In this contribution, we provide the following proposals：

Proposal 1: Discuss RRM requirement for sTxMP in future release.
Proposal 2: For non-simultaneous reception scenario in mTRP, define requirement for both known and unknown case.
Proposal 3: For sDCI, MAC CE based TCI activation delay requirement is:
· if both TCI states are known and SSBs from two TRPs for T/F tracking are not overlapped, the delay requirement is:

n+ THARQ + +TOk* max (Tfirst-SSB1, Tfirst-SSB2) + TSSB-proc
· if both TCI states are known and SSBs from two TRPs for T/F tracking are overlapped, the delay requirement is:

n+ THARQ + + TOk*(Tfirst-SSB+ min(TSSB_TRP1, TSSB_TRP2)+ TSSB-proc) 
Proposal 4: For sDCI, if one TCI state is known and another TCI state is unknown, the delay requirement is:
· when SSB for T/F tracking is not overlapped with SSB for L1-RSRP:
n+ THARQ + + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TOk2*(Tfirst-SSB2+ TSSB-proc)}

· when SSB for T/F tracking is overlapped with SSB for L1-RSRP, one more SSB is needed:
n+ THARQ + + TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc) + TOk2*(Tfirst-SSB2+ TSSB-proc)
where Tfirst-SSB2 is the time gap between the first SSB of TRP 2 after L1-RSRP measurement for TRP1. TCI state of TRP1 is unknown and TCI state of TRP2 is known.
Proposal 5: For sDCI, if both TCI state are unknown, the delay requirement is:

 n+ THARQ + + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TL1-RSRP2 +TOuk2*(Tfirst-SSB2+ TSSB-proc)}
Observation 1: for mDCI, if SSB from two TRPs for T/F tracking is overlapped, then one of two TCI state activation delays needs to be extended due to confliction. The delay requirement for two TRP will be different.
Proposal 6: For mDCI, when both target TCI states are known, RAN4 needs to discuss how to define delay requirement when SSBs from two TRPs for T/F tracking are overlapped.
Proposal 7: For mDCI, RAN4 needs to discuss which SSB will be skipped when two SSBs from two TRPS are overlapped.
Proposal 8: For mDCI, when one target TCI state is unknown while another TCI state is known, RAN4 needs to discuss how to define delay requirement when SSB for T/F tracking is overlapped with SSB/CSI-RS for L1-RSRP measurement from another TRP.
Observation 2: For MAC CE based UL TCI state activation, it’s possible that two RSs for pathloss calculation for two TCI states are overlapped or SSB for DL T/F tracking is overlapped with PL-RS.
Proposal 9: For MAC CE based UL TCI state activation in mTRP, RAN4 to discuss how to define requirement when two PL-RS are overlapped or SSB for DL T/F tracking is overlapped with PL-RS.
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