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1 Introduction
In last meeting, there are some open issues regarding to TCI activation in multi-RX panel. We will share our view regarding to these issues:
	· Scope
· mTRP scheme for sDCI and mDCI 
· known and unknown states
· Panel activation
· TCI state list update delay
· Total TCI activation delay for simultaneous reception


2 Discussion
2.1 Scope
	Issue 1-1-2: As per RAN1 agreements, group-based reporting is supported for single DCI only. If group-based reporting is a prerequisite, this AI can focus on single DCI case only. 
· Candidate proposals for further study
· Companies to check this RAN1 agreement and more discussion is needed during next meeting. 



From current RAN1 discussion, there is no limitation that group-based reporting can’t be used for mDCI case. For m-DCI, the backhaul is not ideal. However, UE can still feedback the group-based report to one of the two TRPs. Then measurement report is exchanged between TRPs. From that perspective, group-based reporting can be used for both s-DCI or m-DCI DL transmission.
Proposal 1: Group-based reporting is supported for both s-DCI and m-DCI.
	Issue 1-1-3: Definition of Dual TCI state switch 
· Dual TCI state switching refers to the case when two active TCI states with QCL type D for simultaneous reception of PDCCH/PDSCH are involved before and/or after TCI switching command. 
· In other words, following are considered as dual TCI state switching to discuss the requirements 
· Single DCI to Dual TCI
· Dual TCI to Dual TCI 
· FFS: Dual TCI to Single TCI



From Dual TCI to single TCI, it means that there will be one TCI state in the command. we think the legacy TCI activation delay has already covered this case.
Proposal 2: Legacy TCI activation can work for Dual TCI to Single TCI case.
2.2 mTRP scheme for sDCI and mDCI
For both sDCI or mDCI, there are many mTRP related schemes, e.g. SDM, TDM, FDM. Then two TCI states may apply for several mTRP schemes.
For SDM, two TCI states will be used for simultaneous reception.
For TDM, two TCI states will be used for non-simultaneous reception.
Observation 1: Two TCI states activation may apply for several mTRP schemes. e.g. SDM/FDM/TDM.
However, from MAC CE activation alone for both sDCI and mDCI, it’s hard to distinguish whether SDM or TDM will be applied.
Take MAC CE activation for sDCI as example, two TCI states in one codepoint are activated for two TRPs. However, just from this step, it can’t tell whether the two TCI states will be used for SDM or TDM. UE can know the SDM scheme in the following DCI activation step. If 2 CDM groups are indicated in DCI, then SDM will be applied. If one CDM group is indicated in DCI, TDM/ FDM will be applied. Therefore, MAC-CE activation alone is not enough to decide the exact scheme. 
Observation 2: For two TCI states activation in sDCI:
· MAC-CE based TCI activation alone is not enough to know whether the dual TCI will be used for SDM or TDM. UE can know the SDM scheme in the following DCI activation step where 2 CDM groups are indicated in DCI.
· DCI based TCI activation can distinguish whether the two TCI states will be used for SDM if two CDM groups are indicated.
For mDCI case, since two separate MAC CE or DCI will be activated for each TRP. For each MAC CE or DCI, it’s hard to tell whether the two TCI states will be applied for SDM or TDM either.
Observation 3: For two TCI states activation in mDCI:
· Both MAC CE and DCI based TCI activation can’t distinguish whether two separate TCI states activation will apply for SDM. 
However, if UE feedback group based report before, when MAC CE activation arrives(both sDCI or mDCI), most likely, the two TCI states activated will be applied for SDM.
Observation 4: Group-based report can help to distinguish the scheme of mTRP for both sDCI or mDCI.
Proposal 3: Suggest to assume group-based reporting for SDM for both sDCI and mDCI. 
2.3 known and unknown states
	Issue 1-4-1: Known and unknown states combination
· Dual TCI state switching requirements are defined for simultaneous reception. It is FFS whether we need to define any new requirements for non-simultaneous reception. The dual TCI states known, or unknown are FFS. 
· Option A: known and known 
· Option B: Known and unknown 
· Option C: unknown and unknown



There are two issues related to this topic.
1. Whether the same TCI activation requirement will apply for both simultaneous or non-simultaneous reception.
2. What’s the unknown/known assumption for simultaneous reception.
For the first issue, if the motivation of two TCI state activations can be distinguished, it’s possible to define different requirement for simultaneous or non-simultaneous reception, if not, the same requirement will apply for both of them.
As analyze before, for MAC CE based two TCI states for sDCI or mDCI, it’s hard to distinguish whether the mTRP scheme is SDM or TDM. If group based reporting can be assumed for simultaneous reception, then the requirement can be differentiated.
Proposal 4: If group-based reporting is assumed for SDM, different requirements can be defined for SDM or TDM schemes in mTRP separately. Otherwise, the same requirement will apply for both schemes. 
Then, for the second issue, in known condition, group based reporting should be considered to differentiate mTRP schemes. Otherwise, the same requirement will be applied. 
Proposal 5: For SDM scheme in both sDCI or mDCI, known condition should be based on group based reporting.
Panel ID
in L1 report, the Panel ID is transparent, i.e. no Panel ID is associated with beam index. For MAC CE based activation, if the beam pair is not reported before, UE didn’t know which panel will be used and which panel RX beam sweeping will be applied. In that case, UE may need to activate all the panel again. 
Therefore, we suggest to only consider known case.
Proposal 6: Only consider known case for both TCI states in dual TCI activation since panel ID is transparent.
2.4 Panel activation
All the TCI states are activated independently, however, we may need to discuss whether panel activation is needed if the panel has been turned off for power saving purpose. As discussed in another paper[], based on UE initiated panel activation, it’s possible that UE will turn off one panel after L1 report. When TCI activation command arrived, UE would require additional delay to turn on the 2nd panel. RAN4 need to consider whether extra delay is needed for TCI activation.
Proposal 7: RAN4 to discuss whether panel activation delay is needed if 2nd panel has been turned off for power saving purpose. 

2.5 TCI state list update delay
TCI state list update delay in clause 8.10.6 is defined as below:
	If the target TCI state is known, upon receiving PDSCH carrying MAC-CE active TCI state list update at slot n, UE shall be able to receive PDCCH to schedule PDSCH with the new target TCI state at the first slot that is after n+ THARQ + +TOk*(Tfirst-SSB + TSSB-proc) / NR slot length. Where THARQ, Tfirst-SSB, TSSB-proc and TOk are defined in clause 8.10.3.


From the wording, MAC CE based TCI state list update delay is used for TCI states activation for PDSCH, 
Observation : In RAN4, MAC CE based TCI state list update delay is used for TCI states activation for PDSCH.
For mTRP case, there are two types of MAC CE based TCI state activation for PDSCH.
1. mDCI: defined in clause 6.1.3.14 in 38.321. with CORESET Pool ID = {0, 1}, it can indicate that which TRP the MAC CE shall be applied for. If will also apply for single TRP case with no CORESET Pool ID. It can support up to 8 TCI states to be activated.
1. sDCI. The MAC CE activation command is defined in clause 6.1.3.24 in 38.321. Two TCI states from two TRPs will be activated in one codepoint The MAC CE activation command is. I can support multiple codepoints either.
Observation 5: For TCI state list update delay, it will include two types of TCI state list update for mDCI and sDCI respectively:
1. for mDCI: up to 8 TCI states come from the same TRP
2. for sDCI: two TCI states from two TRP in one codepoint, up to 8 codepoints.
In RAN4, the legacy MAC CE based TCI state list update delay requirement in clause 8.10.6 can applied for mDCI case with the assumption that one TCI state can be actived.
Observation 6: In RAN4, MAC CE based TCI state list update delay requirement in clause 8.10.6 can applied for mDCI case with the assumption that one TCI state can be actived.
Therefore, when exteded to mTRP case, RAN4 need to discuss whether to define two separate requirement for sDCI and mDCI.
The simpliest way is to also define a MAC CE based requirement for sDCI either. However, it seems that it’s a little reduncy if we define two requirement for mDCI and sDCI case respectively.
If TCI state switched can be performed for each TCI state independently, from RAN4 aspect, there is no difference whether these TCI states are from the same TRP or not. Finally, the longest delay will be used for the whole list update.
Proposal 8: RAN4 to further discuss whether to define two types of TCI state list update delay requirement for sDCI and mDCI respectively, or just define a common one.
2.6 Total TCI activation delay for simultaneous reception
UE can simultaneously receive two PDSCH only after UE has finish two TCI states activation no matter they are activated in one MAC CE or in two MAC CEs.
Proposal 9: The total TCI activation delay for simultaneous reception is from UE receive the first MAC CE command to the time UE has finish two TCI states activation no matter whether the two TCI states are activated by one MAC CE or two MAC CEs.
3 Conclusion
In this contribution, we provide our views:
Proposal 1: Group-based reporting is supported for both s-DCI and m-DCI.
Proposal 2: Legacy TCI activation can work for Dual TCI to Single TCI case.
Observation 1: Two TCI states activation may apply for several mTRP schemes. e.g. SDM/FDM/TDM.
Observation 2: For two TCI states activation in sDCI:
· MAC-CE based TCI activation alone is not enough to know whether the dual TCI will be used for SDM or TDM. UE can know the SDM scheme in the following DCI activation step where 2 CDM groups are indicated in DCI.
· DCI based TCI activation can distinguish whether the two TCI states will be used for SDM if two CDM groups are indicated.
Observation 4: Group-based report can help to distinguish the scheme of mTRP for both sDCI or mDCI.
Proposal 3: Suggest to assume group-based reporting for SDM for both sDCI and mDCI. 
Proposal 4: If group-based reporting is assumed for SDM, different requirements can be defined for SDM or TDM schemes in mTRP separately. Otherwise, the same requirement will apply for both schemes. 
Proposal 5: For SDM scheme in both sDCI or mDCI, known condition should be based on group based reporting.
Proposal 6: Only consider known case for both TCI states in dual TCI activation since panel ID is transparent.
Proposal 7: RAN4 to discuss whether panel activation delay is needed if 2nd panel has been turned off for power saving purpose. 
Observation 5: For TCI state list update delay, it will include two types of TCI state list update for mDCI and sDCI respectively:
1. for mDCI: up to 8 TCI states come from the same TRP
2. for sDCI: two TCI states from two TRP in one codepoint, up to 8 codepoints.
Observation 6: In RAN4, MAC CE based TCI state list update delay requirement in clause 8.10.6 can applied for mDCI case with the assumption that one TCI state can be actived.
Proposal 8: RAN4 to further discuss whether to define two types of TCI state list update delay requirement for sDCI and mDCI respectively, or just define a common one.
Proposal 9: The total TCI activation delay for simultaneous reception is from UE receive the first MAC CE command to the time UE has finish two TCI states activation no matter whether the two TCI states are activated by one MAC CE or two MAC CEs.
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