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1. Introduction
In RAN4 #90 meeting, RAN4 had extensive discussion on TCI state switching requirements, and the following cases of TCI state switching were agreed in [1] to define the RRM requirements.
	Cases of TCI state switching to be considered for RRM requirements
· TCI state switching for PDSCH based on DCI within the active TCI state set within the RRC configured TCI state set
· TCI state switching for PDCCH based on MAC CE within the RRC configured TCI state set
· RRC based TCI state switching is FFS
· Whether Known/ Unknown condition is needed or not shall be FFS


 In this contribution, we further discuss the remaining issues for TCI state switching requirements. 
2. Discussion
The TCI state is defined to configure a quasi-location relationship between one or two downlink reference signals and the DM-RS ports of the PDSCH. And UE can be configured with a list of up to M TCI-state configurations by RRC configuration, where M depends on the UE capability. Then, the UE is received an activation command used to map up to 8 TCI states by MCE-CE activation, and DCI will indicate dynamically to UE one of the activated TCI states.
TCI state switch can be initiated via MAC CE or DCI. TCI state switching for PDSCH could be is indicated by DCI, and for PDCCH, TCI state switching can be indicated by MAC-CE. Thus, DCI based TCI state switch is applicable to PDSCH and MAC-CE based TCI state switching is applicable to PUCCH.
In accordance to RAN1 UE feature list in [2], RAN1 defined TCI states for PDSCH, which are mandatory with capability signalling. UE can be configured up to 8 TCI states in FR1 and up to 128 TCI states in FR2 by RRC configuration. Furthermore, as indicated in the feature list, “UE is required to track only the active TCI states” and “For component 1 of FG2-4, if a UE reports X active TCI state(s), it is not expected that more than X active QCL type D assumption(s) for any PDSCH and any CORESETs for a given BWP of a serving cell become active for the UE.”
	Features
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet only)
	Need for gNB to know whether the
feature is supported by the UE
(what happens if gNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Type (see R2-1712078)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Note
	Responsible WG
	RAN WG recommendation
	TSG-RAN decision

	
	2-4
	TCI states for PDSCH
	1. Support number of active TCI states per BWP per CC , including control and data
2. maximum number of configured TCI states per CC for PDSCH
	2-1
	Yes
	Only one TCI state can be supported
	Type 1 
	N.A. 
	N.A.
	
	Note: UE is required to track only the active TCI states
Note: For component 1 of FG2-4, if a UE reports X active TCI state(s), it is not expected that more than X active QCL type D assumption(s) for any PDSCH and any CORESETs for a given BWP of a serving cell become active for the UE.
	
	Mandatory with capability 
Component-1: Candidate value set: {1, 2, 4, 8 }
Component-2: candidate value set: {4, 8, 16, 32, 64, 128}
UE is mandated to signal 64 for FR2. 
For FR1, UE is mandated to report at least the max number of allowed SSB in the band 
	Mandatory with capability signaling
Component-1: Candidate value set: {1, 2, 4, 8 }
Component-2: candidate value set: {4, 8, 16, 32, 64, 128}
UE is mandated to signal 64 for FR2. 
For FR1, UE is mandated to report at least the max number of allowed SSB in the band


Since UE is required to track only the active TCI states and report the active TCI states information, network is expected to activate the TCI state(s) which is known to UE among the configured active TCI states via MAC-CE command. Then, DIC will indicate to UE one of the activated TCI state. For example, if UE is capable of monitoring 6 TCI states, and UE will report the number of active TCI state(s), network is expected to activate via MAC-CE command no more than 6 reported active TCI states to UE. Since the TCI states activated via MAC CE command has been monitored and reported by UE, thus, UE is assumed to know the the activated TCI states and it is not necessary to define the known/unknown condition for target TCI state.
Proposal 1: For DCI-based TCI state switching, it is proposed to not define known/unknown conditions for target TCI state.
For DCI-based TCI state switching, the switching time for DCI based TCI state is indicated by timeDurationForQCL defined in TS 38.306, which is UE capability. 
Proposal 2: DCI based TCI state switching delay for PDSCH is defined by UE capability timeDurationForQCL
In accordance to RAN1 UE feature list in [2], RAN1 defined TCI states configuration for CORESET, if UE is capable of supporting more than one TCI state configurations per CORESET, UE is only required to track one active TCI state per CORESET, as indicated in following table.
	Features
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet only)
	Need for gNB to know whether the
feature is supported by the UE
(what happens if gNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Type (see R2-1712078)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Note
	Responsible WG
	RAN WG recommendation
	TSG-RAN decision

	
	3-4
	More than one TCI state configurations per CORESET
	
	
	Yes
	
	Type 1
	N.A.
	N.A.
	
	UE is only required to track one active TCI state per CORESET
UE is required to support minimum between 64 and number of configured TCI states in 2-4 component 2).
	
	Optional with capability signaling
	Mandatory with capability signaling which shall be set to ‘1’


When TCI state switches to a TCI state which is already tracked by UE, it can be considered as TCI state switching to a known TCI state. Whereas when TCI state switches to a new TCI state which is not monitored by UE, it can be considered as TCI state switching to a unknown TCI state.
Proposal 3: For MAC-CE based TCI state switching, the known/unknown conditions for target TCI state should be defined.
For known case for MAC-CE based TCI state switching, the TCI state switching delay consists of the HARQ feedback delay and the UE processing/preparation time, as illustrated in following figure. As we discussed in SCell activation section, 3ms was specified in RAN1 due to the MAC-CE decoding and the preparation time. Since UE is not required to do RF retuning, thus, no interruption requirement should be defined.
[image: cid:image001.png@01D4C48B.107C3220]
Proposal 4: If the target TCI state is known to UE, the MAC-CE-based TCI state switching delay 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 5: 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.
3. Conclusion
In this contribution, we further discuss the remaining issues for TCI state switching requirements, and provide the proposals as follows:
Proposal 1: For DCI-based TCI state switching, it is proposed to not define known/unknown conditions for target TCI state.
Proposal 2: DCI based TCI state switching delay for PDSCH is defined by UE capability timeDurationForQCL
Proposal 3: For MAC-CE based TCI state switching, the known/unknown conditions for target TCI state should be defined.
Proposal 4: If the target TCI state is known to UE, the MAC-CE-based TCI state switching delay should be defined as: TTCI_Switch = THARQ + 3ms.
[bookmark: _GoBack]Proposal 5: 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.
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