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1 	Introduction
According to WF [1], RAN4 have some agreements while some issues are still open. In this meeting, this WI is divided into five agenda items to be discussed: (1) scope and scenario, (2) general issues, (3) L3 measurement, (4) L1 measurement and (5) TCI state switching. The discussion in this paper focus on the “TCI state switching”. 
2 Discussion
In the following sections, below issues will be discussed sequentially.
· Scenario
· Known and unknown condition
· Detectable condition

2.1 Scenario
In this section, there are two sub-issues to be discussed (1) single DCI and multiple DCI (2) TCI state switch scenario.

2.1.1 Single DCI and multiple DCI
The corresponding WF in the last meeting is provided below.
	Issue 1-2-2-1: When two TCI states are switched simultaneously, assumption on the switch commands  
Agreements: 
· Wait for conclusion on scenarios in other thread w.r.t sDCI vs mDCI.  
Candidate options for next meeting:
·   Option 1 (Vivo, Huawei): requirements are defined for following modes of switching 
· Two DCI one for each TCI state (PDSCH multiple DCI)
· Two MAC CE one for each TCI state (PDCCH non-SFN)
· One DCI for two TCI states (PDSCH single DCI)
· One MAC CE for two TCI states (PDCCH SFN)
· Other options not precluded


To our understanding, four sub-bullets in option 1 can be categorized into single DCI and multiple DCI cases as below.
Single DCI:
· One DCI for two TCI states (PDSCH single DCI)
· One MAC CE for two TCI states (PDCCH SFN)
Multiple DCI:
· Two DCI one for each TCI state (PDSCH multiple DCI)
· Two MAC CE one for each TCI state (PDCCH non-SFN)

According to our proposal 1 in R4-2218739, we prefer not to discuss the multiple DCI mTRP operation. So, we would like to only discuss two cases in single DCI mTRP operation: (1) one DCI for two TCI states and (2) one MAC CE for two states.
To our understanding, (1) one DCI for two TCI states and (2) one MAC CE for two states are introduced since R16 and R17, respectively. Besides, because, as following agreement, RAN4 has agreed the dual TCI state switch is defined based on R15/R16 requirement in the last meeting. 
Agreement in RAN4 #104b-e
	Issue 1-2-1-1: Dual TCI state switching requirements shall be based on
Agreements: 
· Rel-15/Rel-16 TCI framework


So, We think (2) one MAC CE for two states (PDCCH SFN) in R18 multi-Rx WI should not be consider. Therefore, the following proposal is suggested.
[bookmark: _Ref118628956]Proposal 1: In R18 multi-Rx WI, to only define the requirement for the case “Two DCI one for each TCI state (PDSCH multiple DCI)”.

2.1.2 TCI state switch scenario
In the last meeting, some companies suggest RAN4 to further discuss the following cases for TCI state switch in R18 multi-Rx WI.
· Case 1: Single TCI to dual TCI
· Case 2: Dual TCI to single TCI
· Case 3: Dual TCI with changes of both QCL Type D RSs
· Case 4: Dual TCI with change of only one of QCL type D RS.
To our understanding, it would be a good start point to discuss TCI state switch. Besides, when “panel” dimension is additional considered in the above cases, we notice it is possible that sometimes TCI state may not be switched from network perspective but could be switched from UE perspective, vice versa. The detail is provided as below.

For case 1 (Single TCI to dual TCI), considering “panel” dimension, the possible TCI state switch combination could be as Table 1.
[bookmark: _Ref118574332]Table 1. possible switch combination from single TCI to dual TCI
	#
	TCI state before switching
	TCI state after switching
	Procedures considered in 
delay requirement

	Case 1-1
	TCI state #0 on panel A
	TCI state #0 on panel A &
TCI state #1 on panel B
	TCI #1

	Case 1-2
	
	TCI state #1 on panel A &
TCI state #0 on panel B

	TCI #0 & #1
Note: it is unknown to NW.

	Case 1-3
	
	TCI state #1 on panel A &
TCI state #2 on panel B
	TCI #1 & #2


· For case 1-1, one new TCI state #1 on panel B is indicated. So, the delay requirement can only consider the TCI state #1 part.
· For case 1-2, Network assumes only one new TCI state #1 is indicated, but UE may decide to receive the existing TCI state #0 by panel B (switched from panel A). So, the delay requirement may need to consider both TCI state #0 and TCI state #1. However, the problem is that network does not know the TCI state on panel A is switched together.
· For case 1-3, two new TCI state #1 and #2 are indicated. So, the delay requirement can consider both TCI state #1 and #2.

For case 2 (Dual TCI to single TCI), considering “panel” dimension, the possible TCI state switch combination could be as Table 2.
[bookmark: _Ref118576027]Table 2. possible switch combination from dual TCI to single TCI
	#
	TCI state before switching
	TCI state after switching
	Procedures considered in
delay requirement

	Case 2-1
	TCI state #0 on panel A &
TCI state #1 on panel B
	TCI state #0 on panel A
	0

	Case 2-2
	TCI state #1 on panel A &
TCI state #0 on panel B
	
	TCI #0
Note: it is unknown to NW.

	Case 2-3
	TCI state #2 on panel A &
TCI state #1 on panel B
	
	TCI #0


· For case 2-1, the existing TCI state #1 on panel A is not used. In that case, there is no impact on TCI state #0. So, switch delay could be zero.
· For case 2-2, Network assumes the existing TCI state #1 on panel A is not used. But, the delay of switching TCI state from #1 to #0 on panel A should be considered. However, the problem is network does not know the TCI state on panel A is switched.
· For case 2-3, the existing TCI state #1 on panel B is not going to be used. The delay of TCI state switching from #2 to #0 on panel A should be considered.

For case 3 (Dual TCI with changes of both QCL Type D RSs) & 4 (Dual TCI with change of only one of QCL type D RS), considering “panel” dimension, the possible TCI state switch combination could be as Table 3.
[bookmark: _Ref118576165]Table 3. possible switch combination from dual TCI to dual TCI (includes both QCL Type D RSs are switched and only one of QCL Type D RS is switched)
	#
	Before switching
	After switching
	delay

	3-1
	TCI state #0 on panel A &
TCI state #1 on panel B
	TCI state #1 on panel A &
TCI state #0 on panel B
	TCI #0 & #1 
Note: it is unknown to NW.

	3-2
	
	TCI state #2 on panel A &
TCI state #1 on panel B
	TCI #2

	3-3
	
	TCI state #1 on panel A &
TCI state #2 on panel B
	TCI #1 & #2
Note: it is unknown to NW.

	3-4
	
	TCI state #2 on panel A &
TCI state #3 on panel B
	TCI #2 & #3


· For case 3-1, network does not know the TCI state on panel A and panel B are switched. Whether to consider this case in delay requirement can be further discussed.
· For case 3-2, the TCI state is switched from #0 to #2 on panel A, and the TCI state on panel B is not switched. In this case, the delay requirement can consider only TCI state switch from #0 to #2 on panel A.
· For case 3-3, Network switches the TCI state from #0 to #1 on panel A, but UE also changes the TCI state from #1 to #2 on panel B. In this case, the delay requirement should consider both TCI state #1 and #2. However, the problem is network does not know TCI state on panel B is switched.
· For case 3-4, both TCI states on two panels are switched. In this case, the delay requirement should consider both TCI state #2 and #3.
So, based on above analysis, we can know that sometimes network does not completely know which panel is performed TCI state switch, e.g. case 1-2, 2-2, 3-1 and 3-3. 
[bookmark: _Ref118577468][bookmark: _Ref118628960]Observation 1: For dual TCI state switching, network does not completely know which panels are involved. E.g. The following two cases are the same from network side but different from UE side.
· Switch from “TCI state #0 on panel A & TCI state #1 on panel B” to “TCI state #2 on panel A & TCI state #1 on panel B”
· Switch from “TCI state #0 on panel A & TCI state #1 on panel B” to “TCI state #1 on panel A & TCI state #2 on panel B”

Based on Observation 1, we would like to trigger a discussion in RAN4 meeting to further discuss these cases. From testability perspective, we tend to believe the delay requirement should consider the max(target TCI state #1, target TCI state #2) even though one of target TCI state is using by UE.

2.2 Known and unknown condition
In the legacy requirement, only one active panel is assumed. So, there is no cross panels problem. However, in R18 multi-Rx, it is a question whether known/unknown information can be shared cross different panels. For example, whether UE can regard target TCI state for panel #2 as known if UE only measured and reported for the target TCI state by using panel #1 before. 
Our thinking on this issue is “should we care whether target TCI state is known to panel #2 if the TCI state is known to panel #1?” To our understanding, how to receive the signals is up to UE implementation. If UE transmitted L1 report for target TCI state based on a certain panel, the same panel will be used for later TCI state switch. So, as long as network indicates UE to switch to the target TCI state, UE behavior and the required delay are clear from both UE and network perspectives. 
[bookmark: _Ref115356098]Proposal 2: For known and unknown condition of TCI state in R18 multi-Rx, the legacy R15/R16 requirement can be reused.

2.3 Detectable condition
As below, there is one open issue regarding detectable condition in the last meeting. 
	Issue 1-4-5: Detectable condition of RS signals
· Proposals
· Option 1 (MTK): For detectable condition, all RSs in the same QCL chain for the target TCI state should remain detectable during the entire measurement/switch period.


We suggest RAN4 to support this proposal. Here, one more example is provided. Typically, tracking RS may be a source RS in one TCI state. Since the flied “repetition” cannot be configured for the tracking RS, UE can 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 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: _Ref115355268][bookmark: _Ref118628963]Proposal 3: For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/switch period.


3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of FR2 multiple panels is provided. We have the following proposal:

Proposal 1: In R18 multi-Rx WI, to only define the requirement for the case “Two DCI one for each TCI state (PDSCH multiple DCI)”.
Observation 1: For dual TCI state switching, network does not completely know which panels are involved. E.g. The following two cases are the same from network side but different from UE side.
· Switch from “TCI state #0 on panel A & TCI state #1 on panel B” to “TCI state #2 on panel A & TCI state #1 on panel B”
· Switch from “TCI state #0 on panel A & TCI state #1 on panel B” to “TCI state #1 on panel A & TCI state #2 on panel B”
Proposal 2: For known and unknown condition of TCI state in R18 multi-Rx, the legacy R15/R16 requirement can be reused.
Proposal 3: For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/switch period.
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