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1. Introduction
In RAN4 #90 meeting, RAN4 had extensive discussion on TCI state switching requirements, and the agreements related to DCI-based, MAC-CE based and RRC-based TCI state switching were agreed in WF [1]. In this contribution, we further discuss the remaining issues for TCI state switching requirements. 
2. Discussion
2.1	Definition of known TCI state
In last meeting, we discussed the side conditions for known TCI state, and the following consensus are reached:
	Agreements
· Definition of known TCI state for UE supporting Power Class 1 
· L1-RSRP or L3-RSRP report made in [x] ms 
· The TCI state is detectable during the TCI state switching period for both known and unknown TCI state switching requirement
Open Issues
· Value of x for UE supporting Power Class 1
· Applicability of known/ unknown TCI state for UE supporting Power Class 2/3/4
· Option 1: Only unknown
· Option 2: Both known and unknown


One of the open issue is whether known condition for TCI state can be applied for UE supporting Power class 2/3/4. In last meeting, some company proposed to only define unknown TCI state for Power class 2/3/4 due to propagation channel conditions and UE speed. However, we think it can also apply to UE supporting power class 2/3/4, since the target TCI state has already been monitored by UE, it means the propagation channel conditions are known to UE.
Proposal 1: The definition of known TCI state for UE supporting Power Class 1 is applicable for UE supporting Power Class 2/3/4.
Another open issue is the note1 in existing spec, we need to determine X value and the side condition for detection of TCI state during the TCI state switch period.
“Note 1: FFS on X value and FFS the side condition for TCI state detection.”
As we discussed in [2], if UE sends a L1-RSRP or L3-RSRP measurement report in last max(measCycleSCell, DRX cycle), the target TCI state can be considered as known to UE. Regarding the side condition for detection of TCI state during the TCI state switch period, we think the conditions for SSB-based and CSI-RS based L1-RSRP reporting shall be reused, which is defined in section B.2.4.
Proposal 2: The TCI state is known if it has been meeting the following conditions:
· The target TCI state remains detectable during the TCI state activation delay according to the L1-RSRP reporting conditions specified in section B.2.4.
· [bookmark: _GoBack]The UE reports L1-RSRP/L3-RSRP in last max(measCycleSCell, DRX cycle) for the target TCI state
Otherwise, the TCI state is unknown.
2.2	TCI state switching delay
In last meeting, RAN4 discussed the delay requirement for TCI state switch, and the agreements are captured as follows:
	Way forward on MAC CE based TCI state switch
Agreements
· Definition of switching delay: From the slot with PDSCH carrying the activation command to the slot when PDCCH can be received based on new TCI state
· For UE supporting Power Class 1
· Requirements are defined for known and unkown TCI state
· The switching delay for unknown case may include time for L1-RSRP measurement
· Requirement for switching delay for known case: THARQ + 3ms
Open Issues
· Requirements for known/unknown for UE supporting Power Class 2/3/4
· Option 1: Only unknown
· Option 2: known and unknown
· FFS if RAN4 need to take into account the case that UE never report L1-RSRP or L3-RSRP for target TCI to network before receiving the TCI change command
Way forward on DCI based TCI state switch
Agreements
· Definition of switching delay: From the last symbol of PDCCH to first symbol of PDSCH
· For UE supporting Power Class 1 
· Requirements are defined for known TCI state
· No requirements for unknown TCI state
· Requirement for switching delay for known TCI state: UE capability for timeDurationForQCL 
· In RRM test for DCI based TCI state switch, PDSCH is always scheduled with lowest MCS for new TCI state
Open Issues
· FFS for UE supporting Power Class 2/3/4
Way forward on RRC based TCI state switch
Agreements: 
· If RRC based TCI state switching delay requirements are defined
· Option 1: Yes (DoCoMo)


As discussed in 2.1, we think the definition of known TCI state for UE supporting Power Class 1 can be applicable for UE supporting Power Class 2/3/4. Thus, for known case, the MAC-CE based delay requirement of TCI state switch for UE supporting power class 2/3/4 is THARQ + 3ms.
Proposal 3: If the target TCI state is known to UE, the MAC-CE-based TCI state switch delay for UE supporting power class 2/3/4 should be defined as: TTCI_Switch = THARQ + 3ms.
For unknown case, UE needs additional time to track time/frequency synchronization, and the TCI state switching delay consists of the HARQ feedback delay, the UE processing/preparation time and synchronization time.
Proposal 4: If the target TCI state is unknown to UE, the MAC-CE-based TCI state switching delay should be defined as: TTCI_Switch = Tsync + THARQ + 3ms, where Tsync equal to SMTC periodicity of serving cell. 
For DCI based TCI state switching, only known case is defined for the delay requirement, and the open issue is FFS the delay requirement for UE supporting power class 2/3/4. And we think the requirement defined for UE supporting power class 1 can apply to UE supporting power class 2/3/4.
Proposal 5: DCI based TCI state switch delay for UE supporting power class 2/3/4 can be defined by UE capability timeDurationForQCL.
In the WF, it is agreed to introduce RRC-based TCI state switch delay requirement. It can be known and unknown case, for known case, UE should report L1-RSRP measurement and network can configure one of the TCI state by RRC signalling. For unknown case, network will configure only one TCI state and then change to other TCI state, for unknown case, UE needs additional time to track time/frequency synchronization.
Proposal 6: If the target TCI state is known to UE, the RRC-based TCI state switch delay should be defined as: TTCI_Switch = TRRC_processing.
Proposal 7: If the target TCI state is unknown to UE, the RRC-based TCI state switch delay should be defined as: TTCI_Switch = TRRC_processing +Tsync, where Tsync equal to SMTC periodicity of serving cell.
2.3	Interruption
In last meeting, we discussed the interruption due to DCI-based and MAC-CE based TCI state switch, and it was agreed that no interruption allowed except for intra-band non-contiguous CA case. The related agreements are captured as follows:
	Agreements
· No interruption allowed due to DCI based TCI switching except for intra-band non-contiguous CA case
· FFS on the case if the propagation time is changed due to TCI state switching
· No interruption allowed due to MAC based TCI switching except for intra-band non-contiguous CA case
· FFS on the case if the propagation time is changed due to TCI state switching
· Whether to define scheduling restriction requirement for MAC based TCI switching depends on the conclusions for MRTD.
Open Issues
· Interruption due to RRC based TCI state switch if defined
· Option 1: Yes 
· Option 2: No 


In my understanding, the interruption due to DCI based TCI state switch and MAC-CE based TCI state switch would be happened only in some corner case, e.g. the propagation delay difference is larger than the CP length. So, we need to clarify the scenario under which these interruptions will be needed.
Another open issue is whether to define scheduling restriction requirement for MAC-CE based TCI state switch depends on the conclusions for MRTD. If MRTD for intra-band non-contiguous CA in FR2 can be reduced to 260ns, I think no scheduling restriction requirement shall be introduced for MAC-CE based TCI state switch.
Observation 1: The interruption due to DCI based TCI state switch and MAC-CE based TCI state switch would be happened only in some corner case, e.g. the propagation delay difference is larger than the CP length.
Observation 2: If MRTD for intra-band non-contiguous CA in FR2 can be reduced to 260ns, no scheduling restriction requirement shall be introduced for MAC-CE based TCI state switch.
For RRC based TCI state switch, the interruption due to RRC reconfiguration operation is expected during the RRC processing time, the interruption duration could refer to the interruption requirements due to RRC reconfiguration defined in section 8.2 TS.38.133.
Proposal 8: The interruption requirements for RRC-based TCI state switch could refer to the interruption requirements due to RRC reconfiguration defined in section 8.2 TS.38.133.

2.4	Delay for MAC-CE based active TCI state list update
In last meeting, some companies proposed that the delay for active TCI state list update shall be considered during DCI-based TCI state switch, and the agreement is captured as follows:
	Background
· Necessity to define delay requirement for MAC CE based active TCI state list update with new TCI state and PDSCH to receive on the newly activated TCI state via DCI based switch
· Assumption that UE has measured and reported L1-RSRP on new TCI state
Agreement:
· Requirement for MAC CE based active TCI state list update will be introduced


In case the target TCI state is not in the active TCI state list assuming that UE has measured and reported L1-RSRP on the target TCI state, the active TCI state list shall be updated via MAC CE activation, then the target TCI state can be changed via DCI indication. Thus, the additional MAC-CE activation delay (THARQ + 3ms) shall be introduced.
Proposal 9: The delay for MAC-CE based active TCI state list update should be defined as THARQ + 3ms.
3. Conclusion
In this contribution, we further discuss the remaining issues for TCI state switching requirements, and provide the proposals as follows:
Proposal 1: The definition of known TCI state for UE supporting Power Class 1 is applicable for UE supporting Power Class 2/3/4.
Proposal 2: The TCI state is known if it has been meeting the following conditions:
· The target TCI state remains detectable during the TCI state activation delay according to the L1-RSRP reporting conditions specified in section B.2.4.
· The UE reports L1-RSRP/L3-RSRP in last max(measCycleSCell, DRX cycle) for the target TCI state
Otherwise, the TCI state is unknown.
Proposal 3: If the target TCI state is known to UE, the MAC-CE-based TCI state switch delay for UE supporting power class 2/3/4 should be defined as: TTCI_Switch = THARQ + 3ms.
Proposal 4: If the target TCI state is unknown to UE, the MAC-CE-based TCI state switching delay should be defined as: TTCI_Switch = Tsync + THARQ + 3ms, where Tsync equal to SMTC periodicity of serving cell. 
Proposal 5: DCI based TCI state switch delay for UE supporting power class 2/3/4 can be defined by UE capability timeDurationForQCL.
Proposal 6: If the target TCI state is known to UE, the RRC-based TCI state switch delay should be defined as: TTCI_Switch = TRRC_processing.
Proposal 7: If the target TCI state is unknown to UE, the RRC-based TCI state switch delay should be defined as: TTCI_Switch = TRRC_processing +Tsync, where Tsync equal to SMTC periodicity of serving cell.
Observation 1: The interruption due to DCI based TCI state switch and MAC-CE based TCI state switch would be happened only in some corner case, e.g. the propagation delay difference is larger than the CP length.
Observation 2: If MRTD for intra-band non-contiguous CA in FR2 can be reduced to 260ns, no scheduling restriction requirement shall be introduced for MAC-CE based TCI state switch.
Proposal 8: The interruption requirements for RRC-based TCI state switch could refer to the interruption requirements due to RRC reconfiguration defined in section 8.2 TS.38.133.
Proposal 9: The delay for MAC-CE based active TCI state list update should be defined as THARQ + 3ms.
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