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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#108bis meeting, there were continued discussions on dual TCI states switching for FR2 multi-Rx chain DL reception. The following agreements on dual TCI states switching were achieved and captured in the WF [1]. 
	Issue 2-1-1: UE behaviour when dual TCI states are not supported 
· Agreement: Following proposal is agreed to be captured in specification.
· Proposal 1: It is proposed to capture in 38.133 the agreement that no UE behaviour is defined in Rel-18 multi-Rx WI when UE cannot receive dual TCI states simultaneously
Issue 2-2-1: DCI based dual TCI state switch for sDCI scenario 
· Agreements: 
· No additional delay on top of Rel-16 requirements is introduced for s-DCI based dual TCI states switch
[bookmark: _Hlk147144186][bookmark: _Hlk148088246][bookmark: _Hlk148088219]Issue 2-2-2: For sDCI, for dual TCI to single TCI state switch, when the target TCI is one of the source TCI (e.g. [RS1,RS2] to [RS1]),
· Agreement:
· There is no TCI switching delay when UE is configured with GBBR and is NOT configured with non-GBBR 
[image: ]Issue 2-2-3: DCI based dual TCI state switch for mDCI scenario
Issue 2-2-2-1: DCI based dual TCI state switch delay for mDCI:
· Suggest waiting for RAN1 reply as CRs can be agreed in next meeting only. 
Issue 2-2-2-2: Other proposals for mDCI
· [bookmark: _Toc142658990]Agreement:
· 	In mDCI scenario, TCI switching with one CORESETpoolindex does not cause interruptions on TCI states with another CORESETpoolindex. However, there is no specification impact is there for this proposal

Issue 2-3-1: MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition
· Agreement
· No additional delay is needed
· For the following case, do not define test.
· If target dual TCI states are NOT in the active TCI state list;
· [Tfirst_SSB] arrives with [125]us after MAC CE processing time, where Tfirst_SSB is the shorter one between Tfirst-SSB1 and Tfirst_SSB2
Issue 2-3-2: MAC CE based PDCCH TCI state switch for m-DCI scenario
· Wait for RAN1 LS response 

Issue 2-5-2: Definition of known condition 
· Way forward: Companies are requested to bring further analysis if the previous agreement are identified to be not sufficient.

Issue 2-6-1: Active TCI state list update delay requirement for mDCI
· Agreement:
· the existing requirement for active TCI state list update can be reused with the update that it is for each new TCI state being added


The highlighted issues need further discussions. Some of the issues are subject to RAN1 feedback. Some of the issues are FFS and further conclusion is needed. In this contribution, we further provide our views on the FFS open issues for TCI state switching requirements for FR2 multi-Rx chain DL reception.
2. Discussion
2.1 MAC-CE based dual TCI states switch
Issue 2-3-2: MAC CE based PDCCH TCI state switch for m-DCI scenario
It was agreed to wait for RAN1 response on MAC-CE based dual TCI states switch for m-DCI scenario. Following answer was provided in [2].
	Question 2:
[bookmark: _Hlk146787398][bookmark: _Hlk146787358]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?
Answer: 
In Rel-18, UE can receive two PDCCHs simultaneously with different QCL typeD which are associated with different CoresetPoolIndex, subject to UE capability. This is not possible for a UE before Rel-18.



[bookmark: _Hlk149592988]It is introduced in Rel-18 that UE can receive two PDCCHs simultaneously with different QCL typeD which are associated with different CoresetPoolIndex. In multi-Rx WI, it is to define requirements for features introduced before Rel-18. Therefore, no requirements are defined for simultaneous PDCCH reception with different QCL typd D associated with different CoresetPoolIndex.
Proposal 1: For MAC-CE based PDCCH TCI state switch in m-DCI scenario, no dual TCI state switch requirements are defined for simultaneous PDCCH reception with different QCL typd D associated with different CoresetPoolIndex in Rel-18.

2.2 DCI based dual TCI states switch
Issue 2-2-2-1: DCI based dual TCI state switch delay for mDCI:
It is depending on RAN1 reply how the requirements for DCI based dual TCI state switch delay for mDCI are defined. The reply from RAN1 is provided in [2].
	Question1-1: 
For the scenario depicted in Figure 1, is there any minimum duration defined in RAN1 specifications between point B and point C?
Answer: 
There is no restriction on the duration between point B and C.
Question 1-2:
What is the expected UE behaviour after point C?
Answer: 
After point C, the UE would receive PDSCH0 using the TCI state conveyed in DCI0. At point D, the UE would receive PDSCH1 using the TCI state conveyed in DCI1.
Question 1-3:
Does RAN1 sees the need to define such minimum duration between B and C to address potential UE implementation complexity for some UE implementations?
Answer: 
No, RAN1 did not have a discussion on whether such restriction is necessary when the feature was specified in Rel-16.


It was agreed to reuse legacy requirements for the case when offset between reception of the DCI received in slot n1 and PDSCH scheduled by the DCI received in slot n3 is equal to or greater than timeDurationForQCL, and offset between reception of the DCI in slot n2 and PDSCH scheduled by the DCI received in slot n4 is equal to or greater than timeDurationForQCL. It needs further discussion whether and how the requirements are specified when time offset between DCI and PDSCH from different TRPs are less than timeDurationForQCL.
For fully/partially overlapped PDSCHs, as long as the dual TCI states, including both switched TCI states, or default TCI state and switched TCI state, or both default TCI states, are QCL-ed to reported beam pair in group-based beam reporting, it could be received simultaneously. However, according to LS reply, RAN1 did not have a discussion on whether such restriction, i.e., minimum duration between B and C, is necessary when the feature was specified in Rel-16. Thus, it may not always be possible that default TCI state can be paired with another TCI state. Furthermore, UE may need additional time for the TCI state switch, e.g., activating the panel.
Given the status, it is proposed not to define requirements for the case when time offset between DCI and PDSCH from different TRPs are less than timeDurationForQCL.
Proposal 2: No requirements are defined for DCI based dual TCI states switch when time offset between DCI and PDSCH from any TRPs are less than timeDurationForQCL.

2.3 RRC based dual TCI states switch
In legacy NR requirements, RRC triggered TCI state switch/configuration is for PDCCH reception. The requirements for RRC based TCI state switch delay apply when only 1 TCI state is configured in RRC TCI state list. In TS 38.213, procedures are specified for TCI states assumption for PDCCH reception for multi-TRP operation.
If two TCI states are configured in the RRC configured TCI state list, UE can also directly perform PDCCH TCI states switch without waiting for MAC CE command according to RAN1 reply.
	Question 3:  
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). 
Answer: 
RRC based TCI state switching is possible using the following procedure: 
the NW configures multiple TCI states using the field tci-StatesToAddModList in the RRC IE PDSCH-Config. 
[bookmark: _Hlk147864891]The NW configures one TCI state in a first CORESET, and a second TCI state in a second CORESET, using the field tci-StatesPDCCH-ToAddList in the RRC IE ControlResourceSet. Each CORESET is associated with a different value of coresetPoolIndex. 
The NW may subsequently update the field tci-StatesPDCCH-ToAddList using RRC to accomplish RRC based TCI state switching.


The TCI states configured by RRC are associated to different value of CORESETPoolIndex. Thus, the UE knows which of the TCI states configured by RRC can be used for reception from which TRP. Since the RRC configured TCI state are used for different TRP respectively in multi-DCI multi-TRP operation where no simultaneous PDCCH reception may not be considered in this release, the RRC based TCI state switch delay requirements can be defined per TRP. It is reasonable to reuse existing requirements for each TRP. 
Proposal 3: RRC based TCI state switch delay requirements are defined for dual TCI states and legacy delay requirements are reused for each TRP (CorsetPoolIndex).

2.4 Known/unknown condition
The known/unknown conditions for dual TCI states switch are defined as follows.
	8.10D.2	Known conditions for TCI state
The dual TCI state are known if the following conditions are met:
-	Dual TCI states are QCL-ed with typeD to the latest reported beam pair (i.e., RS resources pair) within one group
-	The dual TCI states and all the RSs in the two QCL chains remain detectable during the TCI state switching period
-	SNR of the TCI state ≥ -3dB
-	RS resource pair configured for dual TCI states is reported in last [1280]ms
Editor’s note: FFS whether additional conditions are needed for tests.


It was concerned that the known conditions are only applicable for s-DCI but not for m-DCI. Simultaneous reception of PDCCH with different QCL-type D is only supported from Rel-18. We may not define requirements for the case in multi-Rx WI. Thus, it would not be necessary to consider dual TCI states for m-DCI case in this release. For m-DCI, the known condition can reuse the legacy known condition. 
Proposal 4: For m-DCI, legacy known condition is reused.

3. Summary
[bookmark: _Hlk23953093]In this contribution, we provided views on dual TCI states switching requirements for NR FR2 multi-Rx chain DL reception. Following proposals are present.
Proposal 1: For MAC-CE based PDCCH TCI state switch in m-DCI scenario, no dual TCI state switch requirements are defined for simultaneous PDCCH reception with different QCL typd D associated with different CoresetPoolIndex in Rel-18.
Proposal 2: No requirements are defined for DCI based dual TCI states switch when time offset between DCI and PDSCH from any TRPs are less than timeDurationForQCL.
Proposal 3: RRC based TCI state switch delay requirements are defined for dual TCI states and legacy delay requirements are reused for each TRP (CorsetPoolIndex).
Proposal 4: For m-DCI, legacy known condition is reused.
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