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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#104-bis-e meeting, there were discussions on dual TCI state switching for FR2 multi-Rx chain DL reception. The following agreements were achieved and captured in the WF [1]. 
	· [bookmark: _Hlk116589252]Define DL TCI state switch requirements. UL TCI state switching, and UL spatial relation info switch are not in the scope of the WI.
· Dual TCI state switching requirements shall be based on Rel-15/Rel-16 TCI framework 
· For each of the two TCI states, the TCI state switch is assumed to be independent
· FFS on the definition/scope of “independency.”
· RRM not to define additional TCI state switching delay for cross panel TCI state switching. If RF session achieves a new conclusion on panels ON/OFF switch time, RRM session may revisit the issue if required. 


There were also many other issues of TCI state switching being discussed, 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 TCI state switching delay requirements 
The scenarios for TCI state switching should be decided firstly. Since multi-TRP operation involves simultaneous PDCCH reception and PDSCH reception, TCI state switching for both PDCCH and PDSCH should 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 configured TCI states. SFN PDCCH is for single-DCI scheduling.
For PDCCH repetition, the TCI states are configured for different CORESETs independently, regardless of single-DCI scheduling with repetition or multi-DCI scheduling.
The TCI state switching scenario for MAC CE based triggering could be categorized into following cases by taking single-TRP operation into consideration.
· Dual TCI states to dual TCI states
· SFN PDCCH to SFN PDCCH, PDCCH repetition to SFN PDCCH: the activation delay for the target dual TCI states activated by MAC CE to be ready for reception. It includes the case where only one TCI state is changed.
· SFN PDCCH to PDCCH repetition, PDCCH repetition to PDCCH repetition: the activation delay for one of the target TCI sates activated by MAC CE to be ready for reception. The activation delay could be the same as in legacy requirements. FFS if another MAC CE for PDCCH repetition is received during switching time for previous MAC CE activated TCI state switch.
· Single TCI states to dual TCI states
· Single PDCCH to SFN PDCCH: the activation delay for the target dual TCI sates activated by MAC CE to be ready for reception. It includes the case where only one new TCI state is added.
· single PDCCH to PDCCH repetition: the activation delay for at least one of the TCI states is ready for reception. The legacy requirements can be reused. FFS if another MAC CE activated TCI for PDCCH repetition is received during switching time for previous MAC CE activated TCI state switch.
· Dual TCI states to single TCI state
· SFN PDCCH to single PDCCH, PDCCH repetition to single PDCCH: the activation delay for the target single TCI state is ready for reception. The legacy requirements can be reused. FFS if target single TCI state is one of the dual TCI states.
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. With this assumption, when another MAC CE triggered TCI state switch is received during switching period for the previous MAC CE triggered TCI state switch, the ongoing TCI state switch will not be impacted.
Proposal 1: For MAC CE based dual TCI states switch, following scenarios can be considered.
· Dual TCI states to dual TCI states
· SFN PDCCH to SFN PDCCH, PDCCH repetition to SFN PDCCH: the activation delay for the target dual TCI states activated by MAC CE to be ready for reception. It includes the case where only one TCI state is changed.
· SFN PDCCH to PDCCH repetition, PDCCH repetition to PDCCH repetition: the activation delay for one of the target TCI sates activated by MAC CE to be ready for reception. The activation delay could be the same as in legacy requirements. FFS if another MAC CE for PDCCH repetition is received during switching time for previous MAC CE activated TCI state switch.
· Single TCI states to dual TCI states
· Single PDCCH to SFN PDCCH: the activation delay for the target dual TCI sates activated by MAC CE to be ready for reception. It includes the case where only one new TCI state is added.
· single PDCCH to PDCCH repetition: the activation delay for at least one of the TCI states is ready for reception. The legacy requirements can be reused. FFS if another MAC CE activated TCI for PDCCH repetition is received during switching time for previous MAC CE activated TCI state switch.
· Dual TCI states to single TCI state
· SFN PDCCH to single PDCCH, PDCCH repetition to single PDCCH: the activation delay for the target single TCI state is ready for reception. The legacy requirements can be reused. FFS if target single TCI state is one of the dual TCI states.
Proposal 2: For UE with multi-Rx chain, it should track timing/frequency independently for each TCI state when dual TCI states are activated.

Regarding dual TCI states switching for PDSCH, the TCI state switching delay requirements should be specified when both TCI states is known as in legacy requirements. Very complicated TCI switch mechanism is specified in RAN1 spec for multi-TRP operation in terms of TCI state application for PDSCH reception. However, there seems no further RAN4 requirements being needed except similar DCI based TCI state switch delay requirements as in exiting spec are specified for dual TCI states switch.
Proposal 3: For DCI based dual TCI states switch, the requirements should be specified for both TCI sates is known.
Proposal 4: For DCI based dual TCI states switch delay, legacy requirements can be used as baseline except it is for dual TCI state switch.

2.2 Known/unknown condition
Legacy requirements for MAC CE based TCI state switch are specified under both known and unknown conditions. It is specified for known conditions only for DCI based TCI state switch. To define dual TCI state switch delay requirements for multi-Rx chain, known/unknown conditions should also be decided.
	Issue 1-2-3-1:  When two TCI states are switched simultaneously, known condition for the TCI states is:   
Candidate options for next meeting:
· Option 1: For sDCI framework, TCI state pair can be either both known or both unknown  
· Option 2: Dual TCI states are independent, and each of the TCI state can be known or unknown. The definition of known/unknown for individual TCI state can follow R15/R16 definition.  
· 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: any other option, please specify


In general, similar principle can be followed for dual TCI states switch. For MAC CE based dual TCI states switch, requirements should be specified for both known and unknown conditions. The known/unknown condition can be specified for each TCI state independently. For example, if two TCI states switch is triggered by single MAC CE, there could be case that one TCI state is known and the other TCI state is unknown. Tough such case is not preferable to be used in practical network, it may be okay to have requirements being specified for such case. Thus, for specifying MAC CE based TCI state switching delay requirements, dual TCI states are independent and each of the TCI states can be known or unknown.
Regarding the known/unknow condition, it can be further updated based on legacy known/unknown conditions for TCI state switch. In legacy requirements, known conditions for TCI state switch is 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 1 L1-RSRP report for the target TCI state before the TCI state switch command
-	The TCI state remains detectable during the TCI state switching period
[bookmark: _Hlk18067072]-	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.


For multi-Rx simultaneous reception, the condition based on group-based beam reporting would be necessary so that network knows which beam pair can be received simultaneously.
Proposal 5: For MAC-CE based dual TCI states switch, requirements are specified for both known and unknown conditions for each TCI state of the dual TCI states.
Proposal 6: 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.

2.3 TCI state list update requirements 
	Issue 1-3-2: Active TCI state list update requirements   
Candidate options for next meeting:
· Proposal 1: RAN4 to discuss the active TCI states requirements for any change to the set of active TCI states used for simultaneous reception, i.e., requirements for:
· addition of an active TCI state to the set of active TCI states for simultaneous reception,
· removal of an active TCI state from the set of active TCI states for simultaneous reception,
· switching/replacement of an active TCI state in the set of active TCI states for simultaneous reception
· Other proposals not precluded 


As in legacy active TCI state list update requirements, we think only addition of a new TCI state to the active TCI state list is needed. There should be no impact by removing an active TCI state. Switching/replacement of an active TCI state should be same as addition of a new TCI state.
For addition of a new dual TCI states, the legacy requirements can be used as baseline. The requirements would quite be similar to the legacy requirements.
Proposal 7: For active TCI state list update, requirements for addition of dual TCI states should be specified. 
Proposal 8: For active TCI state list update for addition of a new dual TCI states, legacy requirements can be used as baseline. 


3. Summary
[bookmark: _Hlk23953093]In this contribution, we provided views on dual TCI state switching requirements for NR FR2 multi-Rx chain DL reception. Following proposals are present.
Proposal 1: For MAC CE based dual TCI states switch, following scenarios can be considered.
· Dual TCI states to dual TCI states
· SFN PDCCH to SFN PDCCH, PDCCH repetition to SFN PDCCH: the activation delay for the target dual TCI states activated by MAC CE to be ready for reception. It includes the case where only one TCI state is changed.
· SFN PDCCH to PDCCH repetition, PDCCH repetition to PDCCH repetition: the activation delay for one of the target TCI sates activated by MAC CE to be ready for reception. The activation delay could be the same as in legacy requirements. FFS if another MAC CE for PDCCH repetition is received during switching time for previous MAC CE activated TCI state switch.
· Single TCI states to dual TCI states
· Single PDCCH to SFN PDCCH: the activation delay for the target dual TCI sates activated by MAC CE to be ready for reception. It includes the case where only one new TCI state is added.
· single PDCCH to PDCCH repetition: the activation delay for at least one of the TCI states is ready for reception. The legacy requirements can be reused. FFS if another MAC CE activated TCI for PDCCH repetition is received during switching time for previous MAC CE activated TCI state switch.
· Dual TCI states to single TCI state
· SFN PDCCH to single PDCCH, PDCCH repetition to single PDCCH: the activation delay for the target single TCI state is ready for reception. The legacy requirements can be reused. FFS if target single TCI state is one of the dual TCI states.
Proposal 2: For UE with multi-Rx chain, it should track timing/frequency independently for each TCI state when dual TCI states are activated.
Proposal 3: For DCI based dual TCI states switch, the requirements should be specified for both TCI sates is known.
Proposal 4: For DCI based dual TCI states switch delay, legacy requirements can be used as baseline except it is for dual TCI state switch.
Proposal 5: For MAC-CE based dual TCI states switch, requirements are specified for both known and unknown conditions for each TCI state of the dual TCI states.
Proposal 6: 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.
Proposal 7: For active TCI state list update, requirements for addition of dual TCI states should be specified. 
Proposal 8: For active TCI state list update for addition of a new dual TCI states, legacy requirements can be used as baseline. 
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