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[bookmark: _Toc116995841]Introduction
Multiple agreements on multi-Rx TCI state switching requirements were reached during the RAN4#108 bis meeting. There are a few topics which were pending RAN1 response to the LS sent out by RAN4. In this contribution we discuss these remaining details of multi-Rx TCI state switching.
DCI based TCI state switching
In RAN4#108 bis meeting, the following points were captured regarding DCI based TCI state switch:
	Issue 2-2-3: DCI based dual TCI state switch for mDCI scenario
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Issue 2-2-2-1: DCI based dual TCI state switch delay for mDCI:
· Suggest waiting for RAN1 reply as CRs can be agreed in next meeting only. 




RAN 1 has responded to the LS sent by RAN4 [2] stating that there is no minimum duration defined between reception of DCI1 and PDSCH0 (with reference to the figure in Issue 2-2-3) in RAN1 specifications. With this clarification from RAN1, there is no need for any offset between reception of a DCI from one TRP and switching to a new TCI state for PDSCH reception in another TRP as the UE can process these independently.
Hence in DCI based dual TCI state switch for m-DCI, RAN4 will reuse the existing Rel-16 requirements for each TRP independently.
[bookmark: _Toc149906459]According to the RAN1 specification, the delay timeDurationForQCL applies independent of whether the DCIs from two TRPs are received simultaneously or non-simultaneously in the multi-DCI scenario. 

This means that the UE shall be able to receive the individual TCI states after points C and D (as in the figure in issue 2-2-3). When the second DCI is received while the UE is still in the middle of switching the other TCI state based on another DCI the UE shall be able to receive the two target TCI states simultaneously after point D i.e. after both TCI state switches have been completed. 
[bookmark: _Toc149906460]For multi-DCI scenario, DCI based TCI state switch is per TRP. Hence legacy requirement can be reused and applied per TRP. When the TCI state switching periods/delays are overlapping in time, the UE shall be able to receive the two target TCI states simultaneously after both TCI state switches are completed.
MAC-CE based TCI state switching
In RAN4#107 meeting, the following agreements were reached regarding MAC-CE based TCI state switch:
	Issue 2-3-2: MAC CE based PDCCH TCI state switch for m-DCI scenario
· Wait for RAN1 LS response 




RAN 1 has clarified in the response to the LS from RAN4, that simultaneous reception of two PDCCH with different QCL type D associated to different CORESETPoolIndex is a Rel-18 UE capability.
In light of this, the switch of each of the TCI state will depend on the timing of the SSB transmission to which the target TCI state has a QCL A or QCL C relation.  For example, with reference to Figure 1, the TfirstSSB1 associated with target TCI state for TRP1 may occur at time instance t1, hence the TCI state for TRP1 will be switched at time instance t3. However, the TfirstSSB2 for target TCI state for TRP2 may occur at time instance at time t2, whereby the UE can receive with target TCI state from TRP2 at time instance t4. Hence, Rel-18 UEs supporting simultaneous PDCCH reception can receive the PDCCHs simultaneously at point t4. 



[bookmark: _Ref148809637]Figure 1: Simultaneous PDCCH reception
For UEs not supporting simultaneous PDCCH reception capability, the requirements per TRP would apply independently. As the requirements are being defined only for intra-cell scenario, the SSBs from the TRPs will not overlap and hence we see no reason to add any additional delay.
[bookmark: _Toc149906461]Rel-18 UEs which support simultaneous PDCCH reception can receive the PDCCHs from the two TRPs simultaneously when the later of the two TCIs states is switched. 
[bookmark: _Toc149906462]For UEs (including Rel-18) not supporting simultaneous PDCCH reception capability, the requirements per TRP would apply independently. Legacy requirements for MAC-CE based TCI state switch for PDCCH apply per TRP.
RRC based TCI state switching 

RAN1 has confirmed in the LS reply that RRC based TCI state switching is possible in case of m-DCI. Since the current requirements for RRC based TCI state switch delay apply when only one TCI state is configured in RRC TCI state list, this needs to be updated to reflect the scenario where the UE will receive two target TCI states. For such scenarios, the legacy RRC requirements can be reused and can apply per TRP.

[bookmark: _Toc149906463][bookmark: _Toc133324113]RRC based TCI state switch delay requirements will apply when the UE is configured via RRC with TCI states per CORESET associated with a different CORESETPoolIndex. The legacy RRC requirements can be reused and shall apply per TRP. 
Active TCI state list update
In RAN4#108-bis meeting, the following was agreed about active TCI state list update:
	Sub-topic 2-6: Active TCI state list update
Issue 2-6-1: Active TCI state list update delay requirement for mDCI
· Agreement:
· the existing requirement for active TCI state list update can be reused with the update that it is for each new TCI state being added




In addition to the above agreement, for cases where the target TCI state is not a part of the active TCI state list, if the reference signals of the TCI states received in the MAC-CE command for TCI activation have a QCL relation with the reference signal of the TCI states already present in the active TCI state list, then there is no further need for synchronization for that TCI state. 

[bookmark: _Toc149906464]If the reference signals of the TCI states received in the MAC-CE for TCI state activation has QCL relation with the reference signal of the TCI state which is already a part of the active TCI state list, the UE can skip synchronization with the first SSB for that TCI state. 
Known TCI state conditionSub-topic 2-5: Known conditions 
Issue 2-5-2: Definition of known condition 
· Way forward: Companies are requested to bring further analysis if the previous agreement are identified to be not sufficient.


RAN 4 has agreed the following known conditions for s-DCI and m-DCI:The dual TCI state are known if the following conditions are met:
-	Dual TCI states are QCL-ed with typeD to the latest reported beam pair (i.e., RS resources pair) within one group-	
The dual TCI states and all the RSs in the two QCL chains remain detectable during the TCI state switching period
-	SNR of the TCI state ≥ -3dB
-	RS resource pair configured for dual TCI states is reported in last [1280]ms
Editor’s nNote: FFS whether additional conditions are needed for tests.



In the RAN 4 #108-bis meeting, it was discussed that the agreed upon known conditions do not fully cover the scenario in m-DCI where only one TCI state is switched while the other will still continue to be used as is. We believe that this is valid concern, since the known TCI state condition is dependent on group-based reporting, and for the UE to be able to remain in m-DCI mode, also in this case the UE should be able to receive with the TCI states that are indicated after the TCI state switch is completed. Hence, we propose to add the following condition to the already agreed known conditions for m-DCI:
[bookmark: _Toc149906465]Update the known dual TCI state conditions with: In m-DCI, when the UE receives a TCI state switch command for only one CORESETPoolIndex while the TCI state for the other CORESETPoolIndex is not switched, the target TCI state shall be QCL-ed with type D to a RS of a resource pair within one group of which the other RS has a QCL type D relation to the TCI state not being switched.
We have proposed a way to capture the proposals in this contribution in our draft CR [3].
[bookmark: _Toc116995848]Conclusion
In this contribution we have made the following observations and proposals:
Observation 1: According to the RAN1 specification, the delay timeDurationForQCL applies independent of whether the DCIs from two TRPs are received simultaneously or non-simultaneously in the multi-DCI scenario.
Proposal 1: For multi-DCI scenario, DCI based TCI state switch is per TRP. Hence legacy requirement can be reused and applied per TRP. When the TCI state switching periods/delays are overlapping in time, the UE shall be able to receive the two target TCI states simultaneously after both TCI state switches are completed.
Proposal 2: Rel-18 UEs which support simultaneous PDCCH reception can receive the PDCCHs from the two TRPs simultaneously when the later of the two TCIs states is switched.
Proposal 3: For UEs (including Rel-18) not supporting simultaneous PDCCH reception capability, the requirements per TRP would apply independently. Legacy requirements for MAC-CE based TCI state switch for PDCCH apply per TRP.
Proposal 4: RRC based TCI state switch delay requirements will apply when the UE is configured via RRC with TCI states per CORESET associated with a different CORESETPoolIndex. The legacy RRC requirements can be reused and shall apply per TRP.
Proposal 5: If the reference signals of the TCI states received in the MAC-CE for TCI state activation has QCL relation with the reference signal of the TCI state which is already a part of the active TCI state list, the UE can skip synchronization with the first SSB for that TCI state.
Proposal 6: Update the known dual TCI state conditions with: In m-DCI, when the UE receives a TCI state switch command for only one CORESETPoolIndex while the TCI state for the other CORESETPoolIndex is not switched, the target TCI state shall be QCL-ed with type D to a RS of a resource pair within one group of which the other RS has a QCL type D relation to the TCI state not being switched.
[bookmark: _Toc116995849]
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