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1 Introduction
According to WF [1] and discussion summary [2], RAN4 had some agreements in the last meeting while some issues were discussed without conclusion yet. In this meeting, this WI is divided into six agenda items to be discussed: (1) general issues, (2) L1 measurement, (3) RLM/BFD/CBD, (4) scheduling/measurement restriction, (5) dual TCI state switching and (6) receive timing difference. The discussion in this paper focus on the “dual TCI state switching”. 
2 Discussion
In the following sections, below issues will be discussed sequentially.
· Requirement applicability of known and unknown TCI state
· Detectable condition
· Applicability for T/F tracking
· RRC based TCI state switch

2.1 Requirement applicability of known and unknown TCI state
In last meeting, some companies discussed known and unknown TCI state in [2].
	Agreements:
· Requirements for DCI based dual TCI states switch delay for PDSCH reception are defined for known case only. 
· Requirements for MAC CE based dual TCI states switch delay for PDCCH reception are defined for known case. FFS if it is to be limited to known case only. 
Issue 2-5-1: Requirements to be considered 
FFS
· Proposal 1: For MAC-CE based TCI state switch delay, define requirements also for unknown target TCI state
· Proposal 2: RAN4 to not define MAC CE based dual TCI state switch delay requirements for unknown TCI state
· If RRC requirements are defined, consider only known case


For dual TCI state switching, there is one open issue regarding whether to consider unknown TCI state switching in the last meeting. The discussed cases are (1) known TCI state + known TCI state (2) known TCI state + unknown TCI state (3) unknown TCI state + unknown TCI state. To our understanding, dual TCI state switching is for simultaneous reception of two PDSCHs, i.e., increase data throughput. If network indicates UE switches to unknown TCI states, the performance cannot be guaranteed, and it will waste UE power if beam failure happens. This is very similar to CQI/RI reporting, i.e., typically network only schedule rank-4 PDSCH after UE report RI=4 and the corresponding CQI. So, we do not see the needs and reason why network indicates UE switches to an unknown TCI state. Therefore, we think DCI based dual TCI states and MAC CE based dual TCI states can be limited to known case only.
[bookmark: _Ref127285641]Proposal 1: For dual TCI state switching, only define the requirement for the case when two indicated TCI states are known.
2.2 Detectable condition
As below, there is one open issue regarding detectable condition in the last meeting. 
	Issue 1-3-3: Detectable condition of RS signals
· Proposals
· Option 1: 
· For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/switch period.
· Option 2: 
· Both RSs and their associated signals in the QCL type D infos are detectable during the entire measurement/evaluation/TCI state switching period.


UE may take the other RS (E.g., SSB) which is in the same TCI chain as the tracking RS to perform UE Rx beam selection. Therefore, it would be more reliable if all RSs in the same TCI chain remain detectable during the entire measurement and evaluation period. Furthermore, as same QCL Type-D means that the 2 RS are transmitted from the same Tx spatial filter, we tend to believe that the detectability should be the same for all RS in the same TCI chain. So, the following proposal is suggested.
[bookmark: _Ref131708772]Proposal 2: For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/evaluation/TCI state switch period.

2.3 Applicability for T/F tracking.
As below, there is one open issue regarding active TCI state list update in the last meeting. 
	Issue 2-1-1: The TCI state reference signals reception for T/F tracking
Agreement
· Tfirst-SSB defined for the existing TCI state switch delay requirements can be reused for dual TCI switch in mTRP if the definition of Tfirst-SSB is redefined to account for two TDM’ed source SSBs in the QCL chains with two TRPs
· FFS which requirements, e.g., MAC-CE based, active TCI state list update, can be applied.
· Tfirst-SSB1 is the first SSB for one TCI state of dual TCI states, and Tfirst-SSB2 is the first SSB for the other TCI state of dual TCI states after TCI state switch command.



From above agreement, the fine timing tracking (Tfirst-SSB) should be redefined to include two TDM based source SSBs. The two source SSBs of dual TCI state are not overlapped in time domain even they are from the same SSB burst transmission. In legacy TCI state switch requirement, RAN4 to consider Tfirst-SSB in active TCI state list update and MAC-CE based TCI state switch. Therefore, the applicability for T/F tracking is the same as legacy and update Tfirst-SSB to max(Tfirst-SSB1, Tfirst-SSB2) refer to our proposal 5.
[bookmark: _Ref134190464]Proposal 3: T/F tracking (Tfirst-SSB) can be updated to max(Tfirst-SSB1, Tfirst-SSB2) and is applicable for both active TCI state and MAC-CE based TCI state switch in this WI.

2.4 RRC based TCI state switch
As below, there is one open issue regarding RRC based TCI state switch in the last meeting. 
	Issue: Whether to define requirements for RRC based TCI state switch
Way forward: Please bring further analysis to next meeting. 
Agreement
· The requirements for multi-RX operation on RRC based PDCCH TCI state switch will be considered only if specifications support the procedure.
· FFS: The procedure can include TCI state switch to single TCI, or switch to Dual TCI.




In Rel-15 RRC based TCI state switch, the scenario is used for only one configured TCI state for PDCCH in RRC TCI state list. In multi-RX WI, we don’t see a reason to consider RRC based TCI state switch in this WI.
	Ref. TS 38.133
8.10.5 RRC based TCI state switch delay
[image: 機器產生的替代文字:
TherequnementsforRRCbasedTCIstateswitchdelayapplywhenonlyITCIstateisconfiguredinRRCTCIstate
list.Wien7冫
alongerswitchmgdelayisallowed.7冫1,QisthetimebetweenDLdata
」)rocess!ng
transnnssionandacknowledgementasspecifiedinTS3&213【3]



If even exactly 2 TCI states are configured by RRC, UE still does not know for sure whether network wants to activate/indicate dual TCI state immediately or network only wants to activate/indicate one of them (and left the other one as a backup). Therefore, activate TCI states for PDCCH via MAC-CE to decide whether UE allow to perform multi-RX operation is still essential and cannot be skipped. If dual TCI states are activated for PDCCH via MAC-CE, then it’s multi-RX operation. If single TCI state is activated for PDCCH via MAC-CE, it’s single RX operation. These give more flexibility and typical use cases for UE and gNB perform either multi-RX or single RX operation. So, we don’t consider RRC based TCI state switch for PDCCH in this WI.

[bookmark: _Ref134190466]Proposal 4: Not to consider RRC based TCI state switch in this WI. 
2.5 The dual TCI states switching delay requirement
As below, there’re one open issues regarding the delay requirement in last meeting [2].
	Issue 2-2-1: Single DCI based TCI state switch 
FFS: 
· Option 1: Reuse Re-16 requirements for s-DCI based PDSCH TCI state switch. 
· Option 2: Re-16 delay requirements + additional [250]µs delay for s-DCI based PDSCH dual TCI state switch.

Issue 2-2-2-2: Two TCI state switching are independent, and their delay requirement is 
FFS: 
· Option 1: Reuse Re-16 requirements for s-DCI based PDSCH TCI state switch. 
· Option 2: Re-16 delay requirements + additional [250]µs delay for s-DCI based PDSCH dual TCI state switch.

Issue 2-6-1-2: Active TCI state list update delay requirement
Use following agreement to derive the equation for TCI state list update
· Tfirst-SSB defined for the existing TCI state switch delay requirements can be reused for dual TCI switch in mTRP if the definition of Tfirst-SSB is redefined to account for two TDM’ed source SSBs in the QCL chains with two TRPs
· Tfirst-SSB1 is the first SSB for one TCI state of dual TCI states, and Tfirst-SSB2 is the first SSB for the other TCI state of dual TCI states after TCI state switch command.



Before to discuss the delay requirement for dual TCI states switching, we can consider the scenarios in the following cases:
· Case 1: In sDCI based mTRP, how to specify the delay requirement for
· DCI based dual TCI states switching.
· MAC-CE based dual TCI states switching.
· Active TCI state list update.
· Case 2: In mDCI based mTRP, how to specify the delay requirement for
· DCI based dual TCI states switching.
· MAC-CE based dual TCI states switching.
· Active TCI state list update.
In our understanding, regardless of sDCI or mDCI based mTRP, the legacy delay requirement of TCI state switching can be reused as baseline in all cases. The only difference is that T/F tracking (Tfirst-SSB) should be revised in the delay requirement to follow the agreement on issue 2-1-1. E.g., the delay requirement of active TCI state list update is revised to n+ THARQ + +TOk*(max(Tfirst-SSB1 +Tfirst-SSB2) + TSSB-proc) / NR slot length. So, the following proposal is suggested.
[bookmark: _Ref141031452]Proposal 5: T/F tracking (Tfirst-SSB) is revised in the delay requirement of dual TCI states switching. The delay requirement of MAC-CE based dual TCI state switching and active TCI state list update is n+ THARQ + +TOk*(max(Tfirst-SSB1 +Tfirst-SSB2) + TSSB-proc) / NR slot length.

3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of R18 multi-Rx chains is provided. We have the following proposal:
Proposal 1: For dual TCI state switching, only define the requirement for the case when two indicated TCI states are known.
Proposal 2: For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/evaluation/TCI state switch period.
Proposal 3: T/F tracking (Tfirst-SSB) can be updated to max(Tfirst-SSB1, Tfirst-SSB2) and is applicable for both active TCI state and MAC-CE based TCI state switch in this WI.
Proposal 4: Not to consider RRC based TCI state switch in this WI.
Proposal 5: T/F tracking (Tfirst-SSB) is revised in the delay requirement of dual TCI states switching. The delay requirement of MAC-CE based dual TCI state switching and active TCI state list update is n+ THARQ + +TOk*(max(Tfirst-SSB1 +Tfirst-SSB2) + TSSB-proc) / NR slot length.
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