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Introduction
In RAN4 #111, 3 CRs are proposed [1][2][3]. Based on discussion, [1] and [2] are merged in [4], which is approved, while [3] is postponed due to technical reasons. The key issue for the these CRs is to clarify that in clause 8.10.4 and 8.10.6 of TS 38.133, the requirements are only for switching TCI state of PDSCH, but not PDCCH.
Based on all above information, we provide our views on maintenance of R15 TCI state list updated delay.
Discussion
In R15/R16 TCI state switching framework, the TCI state of PDCCH and the TCI states of PDSCH are activated/indicated by different MAC CEs, if tci-PresentInDCI is set as 'enabled'. The MAC CE for activating/indicating PDCCH TCI state is defined in 6.1.3.15 of TS 38.321, while the MAC CE for activating PDSCH TCI state is defined in 6.1.3.14 of TS 38.321. For PDCCH TCI, only one TCI is allowed to be activated. For PDSCH TCI states, more than 1 TCIs are allowed to be activated, while DCI based TCI state switch can be performed for further down-selection of the activated TCI states for PDSCH. This is already reflected in [4], as follows.
	8.10.6	 Active TCI state list update delay
If the target TCI state is known, upon receiving PDSCH carrying MAC-CE active TCI state list update for activation/deactivation of UE-specific PDSCH TCI state as defined in clause 6.1.3.14 of TS 38.321 [7] at slot n, UE shall be able to receive PDCCH to schedule PDSCH with the new target TCI state at the first slot that is after n+ THARQ + +TOk*(Tfirst-SSB + TSSB-proc) / NR slot length. Where THARQ, Tfirst-SSB, TSSB-proc and TOk are defined in clause 8.10.3.



For DCI based TCI state switch, the following is currently specified in R15 version of 38.133.
	8.10.4	DCI based TCI state switch delay
If the target TCI state is known, when a UE is configured with the higher layer parameter tci-PresentInDCI which is set as 'enabled' for the CORESET scheduling PDSCH at slot n, UE shall be able to receive PDSCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+timeDurationForQCL, where, timeDurationForQCL is the time required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 [26], the value of timeDurationForQCL is defined in TS 38.331 [2]. 
The known condition for TCI state defined in clause 8.10.2 is applied.



Firstly, it is clear that DCI based TCI state switch is only applicable for the TCI states of PDSCH.
Secondly, the ‘slot n’ defined in 8.10.4 is not yet clear enough. It reads like the slot n is the time for receiving the higher layer configuration. This is not aligned with TS 38.214. Technically ‘slot n’ shall be the slot receiving the DCI indicating the DCI based TCI state switch.
Observation 1  The DCI based TCI state switch delay shall be captured in 8.10.4 of TS 38.133. However, currently the ‘slot n’ defined in 8.10.4 is still not clear enough.
Thirdly, our understanding of the timeline of R15 PDSCH TCI switching framework is shown in Figure 1.


Figure 1  Timeline of R15 PDSCH TCI switching
It is not always ensured that the DCI indicating TCI state of PDSCH is always received at the time UE finishes TCI state list update, i.e. Tuncertainty,2 needs to be considered. Note that TCI state list update delay requirement is one of RRM requirements, and the gNB has no information on when the TCI state list update is finished by the UE.
Observation 2  The gNB has no information on when the TCI state list update is finished by the UE, and the indication of PDSCH TCI via DCI could be late. Hence, it is not always ensured that UE can receive PDSCH with the new TCI state at the slot after n+ THARQ ++TOk*(Tfirst-SSB + TSSB-proc) / NR_slot_length + ceiling(timeDurationForQCL/14).
Based on above analysis, we provide our text proposal to fix the issue in 8.10.4 and 8.10.6.
Proposal 1  Adopt the text proposal in [5].
Conclusions
Based on above analysis, we have following observations and proposals.
Observation 1  The DCI based TCI state switch delay shall be captured in 8.10.4 of TS 38.133. However, currently the ‘slot n’ defined in 8.10.4 is still not clear enough.
Observation 2  The gNB has no information on when the TCI state list update is finished by the UE, and the indication of PDSCH TCI via DCI could be late. Hence, it is not always ensured that UE can receive PDSCH with the new TCI at the slot after n+ THARQ ++TOk*(Tfirst-SSB + TSSB-proc) / NR_slot_length + ceiling(timeDurationForQCL/14).
Proposal 1  Adopt the text proposal in [5].
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