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Overall description
RAN4 is discussing requirements for DCI based TCI state switching in mDCI scenario for UE capable of multi-rx operation in FR2-1 and have following questions. 
Q1 to RAN1: Based on the illustration of figure 1,
· RAN4 understands that, minimum duration between point A and C should not be smaller than timeDurationForQCL, which is already defined in RAN1 specification.
· RAN4 understands that, minimum duration between point B and D should not be smaller than timeDurationForQCL, which is already defined in RAN1 specification.

RAN1’s answer: For above two bullets of understandings from RAN4, actually, the minimum duration between point A and C, or the minimum duration between point B and C, can be smaller than timeDurationForQCL. For both durations between point A and C, and between point B and D, it is called by RAN1 as scheduling offset (between scheduling PDCCH and scheduled PDSCH). In RAN1 specification, especially in Clause 5.1.5 in TS38.214, UE behavior is defined case by case considering the following aspects:
· If the scheduling offset is less than timeDurationForQCL, or is equal to or larger than timeDurationForQCL
· If the TCI state is based on Rel-15/16 TCI framework or Rel-17 unified TCI framework

· Based on RAN4 discussion, it is identified that when the duration between point B and C is smaller than timeDurationForQCL, some UE implementations may not be able to perform dual TCI state switching for simultaneous PDSCH reception with different QCL type-D. RAN4 would like to check whether there is any minimum duration defined in RAN1 specifications for duration between point B and C. 

RAN1’s answer: There is no such restriction between point B and C in RAN1 specification.

· If No, 
· when duration between point B and C is smaller than timeDurationForQCL, what is the expected UE behaviour after point C., e.g., what are TCI states assumptions after point C to perform simultaneous PDSCH reception with different QCL type-D till the NW provides UE with new TCI state indication?

RAN1’s answer: Assuming Rel-15/16 TCI framework, there is a UE capability (FG 16-2a-6) defined in Rel-16 supporting default QCL assumption per coresetPoolIndex which enables up to two default QCL assumptions (one QCL per coresetPoolIndex). If a UE reports the UE capability, after point C in the figure 1, the UE can receive an indicated TCI state from PDCCH corresponding to coresetPoolIndex 0, and the UE can use default QCL assumption during point B to D in order to buffer DL channel/signal from TRP1. If a UE does not report the UE capability, after point C in the figure 1, the UE only can use one default QCL assumption of the CORESET with the lowest index in the latest slot.

· Does RAN1 sees the need to define such minimum duration between B and C to address potential UE implementation complexity for some UE implementations. If RAN1 sees the necessity, RAN4 kindly requests RAN1 to introduce such restriction in RAN1 specification as DCI based TCI state switching requirements in RAN4 specification refers to RAN1 specification.

RAN1’s answer: Since RAN1 already defines the above mentioned UE capability and distinguish the cases when the UE supports one or two default QCL assumptions, there is no necessity to define such restriction.
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Figure 1: Example mDCI scenario

Q2 to RAN1: In mDCI scenario, can network configure two PDCCH transmission simultaneously with different QCL type D which are associated with different CoresetPoolIndex to UE? 
RAN1’s answer: So far, if a UE is configured with two different coresetPoolIndexes, the UE can only receive one QCL-TypeD property among multiple overlapped CORESETs in the time domain. Therefore, although there is no restriction on network configuration whether two PDCCH transmissions are configured simultaneously with different QCL-TypeD which are associated with different coresetPoolIndex to a UE, there is no reason to configure like above since the UE can only receive one QCL-TypeD property among overlapped CORESETs in the time domain. However, in RAN1#114, an enhanced QCL prioritization rule for mDCI scenario was agreed as Rel-18 TEI, which applies legacy QCL prioritization rule per each coresetPoolIndex so that the UE can receive up to two different QCL-TypeD properties which are associated with different coresetPoolIndexes. For this, if a UE reports the UE capability (RAN1 will discuss a corresponding UE capability from RAN1#114bis.), then the network can know that the UE can receive two PDCCH simultaneously with different QCL-TypeD which are associated with different coresetPoolIndexes.
· If yes, can UE receive two PDCCHs simultaneously with different QCL type D which are associated with different CoresetPoolIndex?

RAN1’s answer: As mentioned above, the UE reporting such UE capability can receive two PDCCHs simultaneously with different QCL-TypeD associated with different coresetPoolIndex.

Q3 to RAN1 and RAN2: Can RAN1 and RAN2 confirm if the RRC based TCI state switch (without MAC CE) is supported for the following scenario.
· Two TCI states are configured in the RRC configured TCI state list. Can UE perform PDCCH TCI state switch for individual TCI states without waiting for MAC CE command (i.e., RRC reconfiguration directly triggering TCI state switch for PDCCH for mDCI).

RAN1’s answer: 
Based on the description above, our understanding is that if there are CORESETs with different coresetPoolIndexes, two TCI states are configured in TCI state list (e.g., TCI#1 and TCI#2), and each TCI state is applied to each coresetPoolIndex (e.g., TCI#1 and TCI#2 is applied to CORESETs with coresetPoolIndex 0 and 1, respectively.), then if TCI#1 is updated by RRC reconfiguration, “RRC based TCI state switch” can automatically apply the update for CORESETs with coresetPoolIndex 0.

Based on current specification, our view is that it is possible to support such “RRC based TCI state switch”. Some relevant specifications are captured as follows:
· First, in TS38.331, there is a description on RRC parameter tci-StatesPDCCH-To-AddList in ControlResourceSet which is a subset of the TCI states defined in pdsch-Config included in the BWP-DownlinkDedicated corresponding to the serving cell and to the DL BWP to which the CORESET belongs to. 
· Second, there is a following specification sentence in Clause 10 in TS38.213 for direct application of a single TCI state provided in a CORESET.
“For a CORESET other than a CORESET with index 0, if a UE is provided a single TCI state for a CORESET, or if the UE receives a MAC CE activation command for one of the provided TCI states for a CORESET, the UE assumes that the DM-RS antenna port associated with PDCCH receptions in the CORESET is quasi co-located with the one or more DL RS configured by the TCI state.”

Hence, if two TCI states are configured in the list of TCI states in pdsch-Config, and one of two TCI states is commonly configured in CORESETs with coresetPoolIndex 0 and the other TCI state is commonly configured in CORESETs with coresetPoolIndex 1, then the single TCI state provided in each CORESET is applied accordingly without MAC-CE activation, and if one of TCI states in the list of TCI states in pdsch-Config is updated by RRC reconfiguration, “RRC based TCI state switch” is performed.

Actions
To RAN4
ACTION: RAN1 would like to ask RAN4 to take the above into consideration in future work.
Dates of next TSG RAN WG 1 meetings
TSG-RAN WG1 Meeting #115	13rd Nov – 17th Nov 2023			         US.
TSG-RAN WG1 Meeting #116	26th Aug – 1st Mar 2023	   		    	Greece.
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