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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#105 meeting, there were discussions on dual TCI states switching for FR2 multi-Rx chain DL reception. The following agreements on general aspects relevant to dual TCI states switching were achieved and captured in the WF [1]. 
	[bookmark: _Hlk116589252]Issue 1-1-1: Regarding group-based reporting and simultaneous reception with different QCL type-D
·  Agreement
· group based reporting is one of the means to enable simultaneous reception
· Candidate proposals for further study
· Option 1: Simultaneous reception is not necessarily based on group-based reception
· Option 2: TCI switch requirements are to specify dual TCI states switching requirements for multi-Rx (not necessary to limit to only simultaneous reception)
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. 
Issue 1-1-3: Definition of Dual TCI states switch 
· Dual TCI states 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 states switching to discuss the requirements 
· Single DCI to Dual TCI
· Dual TCI to Dual TCI 
· FFS: Dual TCI to Single TCI 


There were also many other issues of TCI state switching, which were also captured in the WF [1]. In this contribution, we further provide our views on TCI state switching requirements for FR2 multi-Rx chain DL reception.
2. Discussion
2.1 General aspects for dual TCI 

As also discussed in [3], group-based beam reporting is not necessarily related to S-DCI and M-DCI scheme, e.g., it is not the prerequisite feature for supporting multi-DCI based multi-TRP schemes. In RAN1 spec, there is no other mechanism being specified for NW to know beam pair that UE can receive simultaneously from our understanding. So, for 2-PDSCHs scheduling for multi-TRP, NW may need to know the beam pair by configuring group-based beam reporting. 
However, dual TCI states switching requirements is not necessarily depending on group-based beam reporting. Though the reference signals for the dual TCI states may be configured on the same OFDM symbol, it should not be the typical case. Before group-based beam reporting, NW has no information which pair of reference signals can be received simultaneously. It is not possible for NW to configure appropriate beam pair on the same resource. After group-based beam reporting, NW knows the beam pair that UE can receive simultaneously. However, it doesn’t mean NW will configure the reference signals for the beam pair on the same resources. It needs RRC reconfiguration to reconfigure the reference signals and beam pair(s) could change from time to time. Therefore, it is more reasonable to define dual TCI states switching requirements without considering simultaneous reception as baseline. 
Proposal 1: The baseline requirements for dual TCI states switching is not based on simultaneous reception of TCI state reference signals.

Based on RAN1 conclusion, group-based beam reporting is also supported for multiple-DCI in intra-cell multi-TRP scenario, though it is not supported for inter-cell multi-TRP.
Proposal 2: Multi-DCI intra-cell multi-TRP is also supported for group-based beam reporting and corresponding dual TCI states switching requirements should be defined.

2.2 TCI state switch delay requirements 
In the last meeting, following TCI state switching triggering mechanism were agreed.
	Issue 1-2-1: TCI state switch indication method for PDCCH and PDSCH 
· PDCCH non-SFN 
· Only single PDCCH is supported. So Single MAC CE should be used
· FFS: PDCCH SFN 
· One MAC CE is used to indicate both TCI states 
· PDSCH 
· For both SFN and non-SFN, only one DCI code point is indicated using single DCI and the code point may indicate one or two TCI states



MAC-CE based dual TCI states switching for PDCCH 
For PDCCH with single-DCI, two cases need to be considered.
· For SFN PDCCH, two TCI states should be activated and indicated by one single MAC CE. Then, the UE can receive from different directions based on the configured dual TCI states. SFN PDCCH is for single-DCI scheduling.
· For PDCCH non-SFN (PDCCH repetition), the TCI states are configured for different CORESETs independently
SFN PDCCH cannot be used for supporting 4-layer MIMO. The dual TCI states switch requirements for SFN PDCCH can be considered not relating to 4-layer MIMO in FR2. The requirements are missing in current specification. Thus, it is necessary to define the corresponding requirements to make the feature more useful though it is not 4-layer MIMO relevant. 
PDCCH repetition can only be supported for UE supporting mTRP-PDCCH-TwoQCL-TypeD-r17. With this UE capability, there could be the case that UE can receive time-domain overlapping CORESETs with two QCL type-D. PDCCH repetition may also be used for 4-layer MIMO, e.g., by scheduling SDM PDSCHs.
For PDCCH with multi-DCI, two TCI states are configured for PDCCH, and each TCI state is activated by one MAC CE. Multi-DCI PDCCH is also typical use case for supporting 4-layer MIMO in FR2.
Observation 1: MAC-CE based Dual TCI states switching requirements for PDCCH repetition and PDCCH with multi-DCI is relevant to 4-layer MIMO.  
MAC-CE based Dual TCI states switching requirements for SFN PDCCH is NOT relevant to 4-layer MIMO.
Proposal 3: For MAC CE based dual TCI states switch, requirements are specified for single-DCI of SFN PDCCH, PDCCH repetition and multi-DCI.

It was agreed in the last meeting following cases are considered as dual TCI states switching to discuss the requirements 
· Single DCI to Dual TCI
· Dual TCI to Dual TCI 
· FFS: Dual TCI to Single TCI
In our view, the TCI state switch delay requirements could be irrelevant of source TCI state unless one of the target TCI is exactly the same as source TCI state in which case optimization may be considered. It is important to define the baseline requirements with new dual TCI states. 
[bookmark: _Hlk127288554]Therefore, requirements for MAC-CE based TCI state switch delay are defined for the following cases. 
· Case 1: Dual TCI states based one MAC CE
· Case 2: Dual TCI states based two MAC CEs, and one MAC CE for each TCI state
· Case 3: Single TCI state switched from dual TCI states
Case 1 is for SFN PDCCH. Case 2 is for single-DCI PDCCH repetition and multi-DCI. Case 3 is for fall back from multi-TRP/panel to single TRP/panel.
For case 3, legacy MAC-CE based TCI state switch delay requirements could be re-used largely. One special case could be considered is that the target single TCI state is the same as one of the source dual TCI states, which would lead to different TCI state switch delay requirements from legacy one as optimization could be made.
Proposal 4: Requirements for MAC-CE based TCI state switch delay are defined for the following cases. 
-	Case 1: Dual TCI states based one MAC CE
-	Case 2: Dual TCI states based two MAC CEs, and one MAC CE for each TCI state
-	Case 3: Single TCI state switched from dual TCI states

The legacy MAC-CE based TCI state switch delay requirements are specified for both known and unknown cases. For known cases, one SSB is needed for timing/frequency tracking if the target TCI state is not within the active TCI state list.
For MAC-CE based dual TCI states switch delay requirements, we need to decide whether both known and unknown cases should be considered. At least, the requirements for known cases should be specified. It needs further consideration if requirements should be specified for unknown case.
Since the target dual TCI states is for simultaneous PDCCH/PDSCH reception, it should be based on group-based beam reporting. Therefore, both the dual TCI states should be either known or unknown. It should be typical use case that both the dual TCI states are known. For unknown case, it may also be considered for the use case that dual TCI states are triggered by MAC-CE later than, e.g., 1280ms, after group-based beam reporting. In this case, beam pair information is still known to NW. NW may still configure the UE to use this beam pair for simultaneous PDCCH/PDSCH reception.
Proposal 5: Requirements for MAC-CE based dual TCI states switch delay for PDCCH reception are defined for known + known. Unknown + unknown case may also be considered.

It was agreed that for each of the two TCI states, the TCI state switch is assumed to be independent. the definition/scope of “independency” is FFS. In our view, the independent TCI sate switch could only be based on that T/F tracking are independent for the dual TCI states and UE is capable of multi-Rx by using of at least two panels (it could still be one antenna module based on RF conclusion). Depending on assumption of receiving time difference, UE may track timing of only one of the TCI states if receive timing difference is within CP. Otherwise, independent timing tracking for both TCI state switch is needed. 
Proposal 6: For UE with multi-Rx chain, it should be able to track timing/frequency independently for each TCI state when dual TCI states are activated either based on T/F tracking for one TCI state or based on independent T/F tracking.

DCI based dual TCI states switching for PDSCH 
Regarding dual TCI states switch for PDSCH, the TCI state switch delay requirements should be specified when both TCI states are known as in legacy requirements. Since unified TCI framework is not considered in the WI, the threshold of time offset between the reception of the PDCCH and the corresponding PDSCH is timeDurationForQCL. 
For PDSCH with single-DCI, two TCI states are indicated by a TCI code point. Same threshold is used for the dual TCI states. The dual TCI state switch delay requirements could reuse legacy requirements as baseline.
For PDSCH with multiple-DCI, two TCI states are indicated by two TCI code points in two DCIs. It is considered as two independent DCI based TCI state switch. Legacy requirements could be reused as baseline. Further clarification on applicable conditions may be considered.
Proposal 7: Requirements for DCI based dual TCI states switch delay for PDSCH reception are defined for known case only.
Proposal 8: Requirements for DCI based dual TCI states switch delay for PDSCH reception are to reuse legacy requirements as baseline.

2.3 Known/unknown condition
Regarding the definition of known/unknow condition, following options were captured in [2].
	Issue 1-4-3: Known and unknown condition definition 
· Proposals
· Option 1: For known and unknown condition of TCI state in R18 multi-Rx, the legacy R15/R16 requirement can be reused
· Option 2: Known/unknown conditions for dual TCI state switch can be defined as follows.
· The TCI state is known if the following conditions are met:
	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of active TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
	TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least one L1-RSRP report that the target dual TCI states are reported within one group configured by groupBasedBeamReporting-r17 before the TCI state switch command 
	The TCI state remains detectable during the TCI state switching period
	The SSB associated with the TCI state remain detectable during the TCI switching period
	SNR of the TCI state ≥ -3dB
· Otherwise, the TCI state is unknown.
· Option 3: Following conditions shall be considered for the known conditions:
· The UE has sent at least one L1-RSRP report for the target TCI states before the TCI state switch command where the associated QCL type D RSs are reported within one group configured by groupBasedBeamReporting-r17. 
· The associated QCL type D RSs in target TCI states satisfy the conditions that the RSs are received from different panels, where the conditions shall follow RF conclusion.
· Option 4: RAN4 to evaluate how the known conditions for TCI switching can be updated for the case of simultaneous indication of two TCI states. 


In general, the known/unknown condition can be defined based on legacy known/unknown conditions for TCI state switch when necessary. In our view, the L1-RSRP measurement reporting should be group-based beam reporting with which beam pair(s) that UE can receive simultaneously is reported and one beam pair is configured as target dual TCI states. Therefore, updated option 2 would be more reasonable for known/unknown condition definition.
Proposal 9: Known/unknown conditions for dual TCI states switch can be defined as follows.
The TCI state is known if the following conditions are met:
-	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of active TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
-	TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least one group-based L1-RSRP report configured with groupBasedBeamReporting or groupBasedBeamReporting-r17 that the target dual TCI states are reported within one group before the TCI state switch command 
-	The TCI state remains detectable during the TCI state switching period
-	The SSB associated with the TCI state remain detectable during the TCI switching period
-	SNR of the TCI state ≥ -3dB
Otherwise, the TCI state is unknown.

2.4 TCI state list update requirements 
For TCI state list update requirements, following proposals were provided in the last meeting.
	· Proposal 1: For active TCI state list update, requirements for addition of dual TCI states should be specified. 
· Proposal 2: For active TCI state list update for addition of a new dual TCI states, legacy requirements can be used as baseline.
· Proposal 3: RAN4 to discuss the active TCI state list update delay considering dual TCI state based on Activation/Deactivation of UE-specific PDSCH TCI state described in RAN2 spec.
· Proposal 4: RAN4 follow RAN1 defined procedures for TCI state pools
· Proposal 5: RAN4 follow RAN1 defined procedures for active TCI state list update and R17 defined requirements.


As in legacy active TCI state list update requirements, we think requirements for addition of a new TCI state to the active TCI state list is needed even for dual TCI states. Legacy requirements are reused in this case. 
For enhanced TCI states activation/deactivation for PDSCH, addition of dual TCI states should be considered. The T/F tracking for the dual TCI states could still be based on single SSB. In this case the legacy requirements can also be used as baseline. If the T/F tracking for the dual TCI states is based on different SSBs, it is FFS how the requirements are specified.
Proposal 10: For active TCI state list update, requirements for addition of dual TCI states should be specified. 
Proposal 11: For active TCI state list update for addition of a new dual TCI states, legacy requirements can be used as baseline. FFS if T/F tracking for the dual TCI states are based on different SSBs.


3. Summary
[bookmark: _Hlk23953093]In this contribution, we provided views on dual TCI states switching requirements for NR FR2 multi-Rx chain DL reception. Following proposals are present.
Proposal 1: The baseline requirements for dual TCI states switching is not based on simultaneous reception of TCI state reference signals.
Proposal 2: Multi-DCI intra-cell multi-TRP is also supported for group-based beam reporting and corresponding dual TCI states switching requirements should be defined.
Observation 1: MAC-CE based Dual TCI states switching requirements for PDCCH repetition and PDCCH with multi-DCI is relevant to 4-layer MIMO.  
MAC-CE based Dual TCI states switching requirements for SFN PDCCH is NOT relevant to 4-layer MIMO.
Proposal 3: For MAC CE based dual TCI states switch, requirements are specified for single-DCI of SFN PDCCH, PDCCH repetition and multi-DCI.
Proposal 4: Requirements for MAC-CE based TCI state switch delay are defined for the following cases. 
-	Case 1: Dual TCI states based one MAC CE
-	Case 2: Dual TCI states based two MAC CEs, and one MAC CE for each TCI state
-	Case 3: Single TCI state switched from dual TCI states
Proposal 5: Requirements for MAC-CE based dual TCI states switch delay for PDCCH reception are defined for known + known. Unknown + unknown case may also be considered.
Proposal 6: For UE with multi-Rx chain, it should be able to track timing/frequency independently for each TCI state when dual TCI states are activated either based on T/F tracking for one TCI state or based on independent T/F tracking.
Proposal 7: Requirements for DCI based dual TCI states switch delay for PDSCH reception are defined for known case only.
Proposal 8: Requirements for DCI based dual TCI states switch delay for PDSCH reception are to reuse legacy requirements as baseline.
Proposal 9: Known/unknown conditions for dual TCI states switch can be defined as follows.
The TCI state is known if the following conditions are met:
-	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of active TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
-	TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least one group-based L1-RSRP report configured with groupBasedBeamReporting or groupBasedBeamReporting-r17 that the target dual TCI states are reported within one group before the TCI state switch command 
-	The TCI state remains detectable during the TCI state switching period
-	The SSB associated with the TCI state remain detectable during the TCI switching period
-	SNR of the TCI state ≥ -3dB
Otherwise, the TCI state is unknown.
Proposal 10: For active TCI state list update, requirements for addition of dual TCI states should be specified. 
Proposal 11: For active TCI state list update for addition of a new dual TCI states, legacy requirements can be used as baseline. FFS if T/F tracking for the dual TCI states are based on different SSBs.
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