3GPP TSG-RAN WG1 Meeting #114bis	R1-2309753
Xiamen, China, October 9 - 13, 2023

Agenda Item:	5
Source:	Huawei, HiSilicon
[bookmark: _GoBack]Title:	Discussion on LS on dual TCI state switching in mDCI
Document for:	Discussion and Decision

1. 
Introduction
In the last meeting, one LS [1] was sent from RAN4 to RAN1 for clarification of three questions, reproduced as below. In this paper, we provide our views on these questions.
	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.
· 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. 
· 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?
· 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.
[image: ]
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? 
· If yes, can UE receive two PDCCHs simultaneously with different QCL type D which are 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).



Discussion
For Q1: 
For better discussion, we’d like to clarify the background more. The source of the issue lies in the fact that the UE receiving beam for receiving a gNB transmitting beam can be different in different cases. Generally, there are two cases:
· Case 1: Single beam transmission
· Case 2: Simultaneous transmission with two beams
In case 1, UE will use the best receiving beam corresponding to the transmitting beam. In case 2, in order to ensure simultaneous reception of the two transmitting beams, the UE may not use the best receiving beam mentioned above, i.e., it will use a sub-optimal beam that can be used for simultaneous reception of the two transmitting beams. Then, the problem illustrated in Figure 1 occurs as follows:
· At point C, UE finishes decoding DCI 0 and knows PDSCH0 is scheduled. UE will use the best receiving beam corresponding to the indicated TCI-state in the DCI.
· At point D, UE finishes decoding DCI 1 and finds that there are another PDSCH (PDSCH1) that overlaps with PDSCH0. For the overlapped part, UE should use the receiving beam (may not be the best receiving beam mentioned above) for simultaneous reception of PDSCH0 and PDSCH1. This requires UE to switch receiving beam at point D immediately. Some UE implementations may not be able to perform such fast switching and the consequence is that UE cannot simultaneously receiving PDSCH0 and PDSCH1.
For the question of RAN4, we think there is no minimum duration defined in RAN1 specifications for duration between point B and C. But the issue indeed exists. So, introducing some restriction to avoid above error case is needed. The following two solutions can be considered.
· [bookmark: _Hlk146095130]Solution 1: RAN1 introduces a restriction that the minimum duration between B and C should be larger than timeDurationForQCL if PDSCH0 and PDSCH1 are overlapped. In other words, for a first DCI scheduling a first PDSCH and a second DCI scheduling a second PDSCH, where the second DCI is transmitted later than the first DCI, if the two PDSCHs are overlapped in time, UE does not expect that the time interval between the second DCI and the first PDSCH is smaller than timeDurationForQCL. By introducing such restriction, UE can complete decoding of both DCI0 and DCI1 at time C. UE can find that PDSCH0 and PDSCH1 are overlapped. With this knowledge, UE will use the receiving beam for simultaneous reception at the beginning of PDSCH0 or PDSCH1.
· Solution 2: RAN1 introduces a scheduling restriction that if the duration between B and C is smaller than timeDurationForQCL, PDSCH 0 and PDSCH 1 should not be overlapped. In other words, for a first DCI scheduling a first PDSCH and a second DCI scheduling a second PDSCH, where the second DCI is transmitted later than the first DCI, if the time interval between the second DCI and the first PDSCH is smaller than timeDurationForQCL, UE does not expect that the two PDSCHs are overlapped in time. With such restriction, the above issue can be also avoided.
Proposal 1: Suggest following reply for Q1:
· There is no minimum duration defined for duration between point B and C;
· RAN1 think it is necessary to introduce some restriction on the minimum duration between point B and C to avoid the issue provided by RAN4.
Proposal 2: Either of the following two restrictions can be adopted.
· The minimum duration between B and C should be larger than timeDurationForQCL if PDSCH0 and PDSCH1 are overlapped.
· PDSCH 0 and PDSCH 1 should not be overlapped, if the duration between B and C is smaller than timeDurationForQCL.
 
For Q2:
In R17, RAN1 supports that UE can use different QCL type to receive PDCCH repetitions or sfnschemePDCCH subject to UE capability. And in R18 RAN1#114 [2], it was agreed that UE can receive two PDCCHs simultaneously with different QCL typeD which are associated with different CORESETPoolIndex subject to UE capability. So, suggest the following reply to Q2.
Proposal 3: Suggest the following reply for Q2:
· UE can receive two PDCCHs simultaneously with different QCL typeD which are associated with different CoresetPoolIndex subject to UE capability
	Agreement
· For multi-DCI based multi-TRP operation, support the following:
· QCL-TypeD prioritization rules for overlapping CORESETs is performed per coresetPoolIndex value. 
· Adopt following TP in Clause 10.1 in TS 38.213.
	--Unchanged part omitted------------------------
If a UE 
-	is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and
-	monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have been configured with same or different qcl-Type set to 'typeD' properties on active DL BWP(s) of one or more cells
the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs that have been configured with qcl-Type set to same 'typeD' properties as the CORESET, on the active DL BWP of a cell from the one or more cells 
-	the CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index
-	the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions
If a UE 
-	is not provided coresetPoolIndex for first CORESETs, or is provided coresetPoolIndex with value 0 for first CORESETs, and 
-	is provided coresetPoolIndex with value 1 for second CORESETs, and
-	is provided [twoQCLTypeDforMulti-DCI]
the UE applies procedures described above independently across the first CORESETs and the second CORESETs.
--Unchanged part omitted------------------------


· Introduce a UE capability for the red part of the above text.



For Q3:
According to RAN1 specification, RRC based TCI state switch (without MAC CE) is not supported for mTRP scenario. TCI state switch is performed by DCI or MAC CE command currently.
Proposal 4: RAN1 does not support RRC based TCI state switch (without MAC CE) for mTRP scenario.
Conclusion
For Q1:
Proposal 1: Suggest following reply for Q1:
· There is no minimum duration defined for duration between point B and C;
· RAN1 think it is necessary to introduce some restriction on the minimum duration between point B and C to avoid the issue provided by RAN4.
Proposal 2: Either of the following two restrictions can be adopted.
· The minimum duration between B and C should be larger than timeDurationForQCL if PDSCH0 and PDSCH1 are overlapped.
· PDSCH 0 and PDSCH 1 should not be overlapped, if the duration between B and C is smaller than timeDurationForQCL.
For Q2:
Proposal 3: Suggest the following reply for Q2:
· UE can receive two PDCCHs simultaneously with different QCL typeD which are associated with different CoresetPoolIndex subject to UE capability
For Q3:
Proposal 4: RAN1 does not support RRC based TCI state switch (without MAC CE) for mTRP scenario.
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