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1. Introduction
During the RAN4#105 meeting, the TCI state switching delay requirement has been discussed. Couple of issues and scenarios have been discussed. We have also provided initial discussion on the TCI state switching delay requirements for all the scenarios in our previous paper. Hence to combine the agreed scenarios and the analysis of the requirements, we try to provide further discussion on the TCI state switching delay requirement.
2. Discussion
The agreement of the WF [1] is captured as below:
Background on the terminology:
Single DCI:
•	One DCI for two TCI states (PDSCH single DCI)
•	One MAC CE for two TCI states (PDCCH SFN)
Multiple DCI:
•	Two DCI one for each TCI state (PDSCH multiple DCI)
•	Two MAC CE one for each TCI state (PDCCH non-SFN)

Issue 1-1-3: Definition of Dual TCI state switch 
· Dual TCI state 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 state switching to discuss the requirements 
· Single DCI to Dual TCI
· Dual TCI to Dual TCI 
· FFS: Dual TCI to Single TCI
Sub-topic 1-2: sDCI based TCI state switching requirements. 
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
Sub-topic 1-4: known and unknown conditions. 
Issue 1-4-1: Known and unknown states combination
· Dual TCI state switching requirements are defined for simultaneous reception. It is FFS whether we need to define any new requirements for non-simultaneous reception. The dual TCI states known, or unknown are FFS. 
· Option A: known and known 
· Option B: Known and unknown 
· Option C: unknown and unknown



Firstly, for the definition of TCI state switching, it is still FFS for dual TCI to single TCI scenario. In our view, this scenario is quite similar to single TCI to dual TCI and it should be considered as a valid scenario for dual TCI state switching.
Proposal 1: To agree the dual TCI to single TCI as a valid scenario and define corresponding requirement.
Secondly, for the PDCCH SFN, one MACE CE is sued to indicate both TCI states. In our previous discussion paper, the enhanced TCI states indication for UE-specific PDCCH MAC CE is referred and captured again below from TS 38.321 sub-clause 6.1.3.44. So it can be seen that the single MAC CE can contain two different TCI state.
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Observation 1: For PDCCH SFN, enhanced TCI state indication is used and hence one MAC CE can indicate two different TCI.
Proposal 2: The TCI state indication is proposed as:
Two MAC CE one for each TCI state (PDCCH non-SFN): each MAC CE contains one TCI state
One MAC CE for two TCI states (PDCCH SFN): one enhanced MAC CE contains two TCI states
One DCI for two TCI states (PDSCH single DCI): one enhanced DCI contains one or two TCI states
Two DCI one for each TCI state (PDSCH multiple DCI): each DCI contains one TCI state
For the known and un-known state combination, we support all the three cases as: both known, both un-known, one known + one un-known. The corresponding MAC CE based requirements have been discussed in our previous paper and the summary table is captured as below:
Table 1: MAC CE based TCI state switching delay requirement
	Original TCI state
	Target TCI state
	Requirement

	Single TCI or
Dual TCI for PDCCH SFN
	Dual TCI for PDCCH SFN both known
	Legacy single TCI known requirement apply

	
	Dual TCI for PDCCH SFN one or both un-known
	Legacy single TCI un-known requirement apply

	Single TCI  or
Dual TCI for PDCCH non-SFN
	Dual TCI for PDCCH non-SFN 
	Legacy single TCI requirement apply for each RX chain

	Dual TCI for PDCCH SFN or
Dual TCI for PDCCH non-SFN
	Single TCI 
	Legacy single TCI requirement apply



This table 1 has clearly included all the single TCI, PDCCH SFN and PDCCH non-SFN of MAC-CE based TCI state switching and corresponding requirements are defined. We can see the legacy MAC-CE based TCI state switching delay requirements apply for each case, hence the spec can be corrected correspondingly.
Proposal 3: To agree table 1 for the MAC CE based TCI state switching delay requirement.
3	Conclusions
In this paper, we give further discussion on TCI state switching delay, the observations and proposals are captured as below:
Proposal 1: To agree the dual TCI to single TCI as a valid scenario and define corresponding requirement.
Observation 1: For PDCCH SFN, enhanced TCI state indication is used and hence one MAC CE can indicate two different TCI.
Proposal 2: The TCI state indication is proposed as:
Two MAC CE one for each TCI state (PDCCH non-SFN): each MAC CE contains one TCI state
One MAC CE for two TCI states (PDCCH SFN): one enhanced MAC CE contains two TCI states
One DCI for two TCI states (PDSCH single DCI): one enhanced DCI contains one or two TCI states
Two DCI one for each TCI state (PDSCH multiple DCI): each DCI contains one TCI state
Proposal 3: To agree table 1 for the MAC CE based TCI state switching delay requirement.
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Figure 6.1.3.44-1: Enhanced TCI States Indication for UE-specific PDCCH MAC CE





