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1. Introduction
In last RAN4 meeting, the RRM impacts of NR FR2 multi-Rx chain DL reception were further discussed, with agreement captured in [1][2]. The scope and scenarios were further clarified. In this paper, we further provide our views on the scope and RRM impacts of dual TCI switching.
2. Discussion
2.1 MAC CE based TCI switching
For MAC CE based TCI switching, following cases are considered based on the status in last meeting which is shown as follows:
	Issue 2-3-1: Single DCI (sDCI)
Issue 2-3-1-1: sDCI non-SFN without PDCCH repetition
Agreements:
For MAC-CE based PDCCH TCI state switch for s-DCI scenario, legacy TCI state switching requirements apply for MAC-CE based PDCCH TCI indication method for PDCCH. 
	
Issue 2-3-1-2: sDCI PDCCH repetition
Agreements:
For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, the requirement is defined with the delay in current requirement [+ [250]us additional delay].

Issue 2-3-2: Multi-DCI (mDCI) non-SFN
Agreements:
For MAC-CE based PDCCH TCI state switch for m-DCI scenario, reusing legacy requirements for MAC-CE based PDCCH TCI state switch and it applies per TRP
· FFS if the two PDSCHs carrying the two MAC-CEs are in the same slot. If the two PDSCHs carrying the two MAC-CEs are in the same slot, consider [250]us additional delay.



The triggering method and simultaneous reception for above cases are compared in following table
	Scenario 
	Triggering MAC CE
	Whether PDCCH are simultaneous received

	sDCI non-SFN without PDCCH repetition
	Two separate MAC CE for each CORESET
	No

	sDCI PDCCH repetition
	Two separate MAC CE for each CORESET
	Yes

	mDCI non-SFN
	Two separate MAC CE for each CORESET
	No



Based on the above table, sDCI PDCCH repetition is the only case whether PDCCH with different QCL typed are received simultaneously. For mDCI non-SFN, one FFS point is whether to consider additional delay when two MAC CEs are received in the same slot. From our understanding, MAC CE are carried in PDSCH, and it can be received in different Cells, it is hard to decide whether two MAC CE are received in the same slot or not which is different from DCI. In addition, mDCI is for the case whether the backhaul is non-ideal, it does not mean the MAC CE are received from two TRPs which is different from DCI-based TCI switching for mDCI. Two MAC CE can be received from one TRP or even from different serving cells. If UE can decode two MAC CE received together from one Cell, it is a less challenging case for UE compared with case when two MAC CE are received completely independently. What’s more, as mentioned above, there is no simultaneous reception for PDCCH with different QCL typed. Thus, for each TRP, the MAC CE based PDCCH TCI state switching almost the same as single TRP cases.
Proposal 1: For MAC CE based PDCCH TCI state switch for m-DCI scenario, legacy requirements apply for MAC-CE based PDCCH TCI state switch for PDCCH with coresetPoolIndex separately.
For the only cases where PDCCH with different QCL typed are received simultaneously, there is still one MAC CE for each coreset. Based on the offline discussion, proponent companies state that there could be panel activation operation for this case. For instance, after receiving MAC CE for PDCCH TCI state switching, there is overlapped PDCCH in time domain for PDCCH repetition. We consider the panel activation operation as (panel#1) to (pane#1 and panel#2). However, if we consider legacy single panel case, the PDCCH TCI state switching can also happen for the case UE switches TCI states from (panel#1) to (panel#2). Thus, we couldn't see which is special for multi panels case here.
Proposal 2: For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, justification is needed for additional delay compared with legacy requirements.

[bookmark: _Hlk129698183]2.2 DCI based TCI switching

For DCI-based TCI state switching, the latest status is summarized as follows:
	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: Multi DCI based TCI state switch 
Issue 2-2-2-1: Two TCI state switching are independent provided the DCI for TCI switch is received 
FFS:
· Option 1: No constraint is needed on the reception of TCI switch command
· Option 2: When TCI switch commands are received in the same slot
· Option 3: When TCI switch commands are received at least timeDurationForQCL apart.
· Option 3a: For mDCI, for DCI based TCI state switching for simultaneous PDSCH reception, legacy TCI switching requirements can apply independently, provided that the time offset between the reception of the latter DCI among DCIs with different corsetPoolIndex scheduling simultaneous PDSCH reception to the earlier PDSCH shall be larger than timeDurationForQCL.
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.



One controversial issue is whether to consider additional delay on top of Rel-16 requirements, where the additional delay is proposed to be 250us. The proponent companies state that there is panel activation/deactivation operation for dual TCI switching, where additional delay shall be considered. Based on discussion in last meeting and the offline discussion, companies have different views on whether such additional delay is needed or not. From our understanding, in Rel-16 TCI state switching, there is only one activation TCI state at one time, but it is not equivalent to the case the all TCI states are all for one panel. In other words, as the candidate TCI states are in the TCI state lists, UE is responsible for panel preparation. 
Besides, if by looking at the capability for timeDurationForQCL, the longest time for 120kHz is 28 symbols which is equal to the proposed additional delay 250 us, which will unnecessarily extend the TCI state switching.
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Observation 1: Candidate TCI states for DCI-based TCI state switching are in active TCI state list.
Proposal 3: Not to introduce additional delay for DCI based TCI state switching for s-DCI.
For mDCI, we hold the same views on addition delay for DCI-based TCI state switching. However, mDCI has some unique characteristics than sDCI. The remaining issue is whether to consider additional conditions for the requirements. Companies proposed to restrict the DCI triggering TCI state switching shall be received in the same slot. From our understanding, mDCI is for the case backhaul is non-ideal between TRPs, and the scheduling from two TRPs are relative independent. If we restrict that the DCI shall be received in the same slot, it is quite similar as sDCI case.
Observation 2: For mDCI, where the backhaul between TRPs is non-ideal, it in unrealistic to restrict that the DCI triggering TCI state switching to be received in the same slot, which is similar as sDCI.
Another issue is about the conditions between DCI and PDSCH for simultaneous reception. The interested scenarios is for simultaneous reception when the PDSCH can be fully/partially overlapped in time domain as indicated by following UE capability.
	multiDCI-MultiTRP-r16
Indicates whether the UE supports multi-DCI based multi-TRP PDSCH/PUSCH operation and support of fully/partially overlapping PDSCHs in time and non-overlapping in frequency. This capability applies only to BWPs where two values of coresetPoolIndex are configured. The capability signalling contains the following:



In legacy requirements for DCI based TCI state switching, the delay are as follows where UE shall be able to receive PDSCH with target TCI of the serving cell at the first slot that is after slot n+timeDurationForQCL where UE receives DCI at slot n.
	If the target TCI state is known, when a UE is configured with the higher layer parameter tci-PresentInDCI which is set as 'enabled' for the CORESET scheduling PDSCH at slot n, UE shall be able to receive PDSCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+timeDurationForQCL, where, timeDurationForQCL is the time required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 [26], the value of timeDurationForQCL is defined in TS 38.331 [2].



In RAN1 specifications, the timeDurationForQCL is only between the PDCCH and scheduled PDSCH. For mDCI simultaneous PDSCH reception, it works for the interval between PDCCH and PDSCH from same TRP.
Observation 3: In current RAN1 specification, timeDurationForQCL is only considered between PDCCH and the scheduled PDSCH. In mDCI simultaneous PDSCH reception, it works for the interval between PDCCH and PDSCH from same TRP.
We illustrate the issue in following figure. Since the scheduling from different TRP are independent, UE can only identify that there will be simultaneous reception the later DCI is decoded (DCI1 in the Fig). In existing requirement in RAN1, it is only required that A-C or B-D shall be equal or larger than timeDurationForQCL. Thus, for simultaneous PDSCH reception for mDCI, the time offset between the reception of the latter DCI scheduling simultaneous PDSCH reception to the earlier PDSCH shall be larger than timeDurationForQCL (BC in the Fig). Then, the legacy TCI switching requirement can apply independently.
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Fig.1 Simultaneous reception in mDCI.
Proposal 4: For mDCI, for DCI based TCI state switching for simultaneous PDSCH reception with different QCL typeD, UE is not expected to receive partially overlapping PDSCH in time domain when the interval between DCI and PDSCH from different TRPs are less than timeDurationForQCL.
Another remaining issue is whether to consider TCI switching delay for dual TCI to single TCI when target TCI is one of the source TCI. More specifically, it is only considered for sDCI case. For dual to single, if the target TCI is one of the source TCI (e.g. (SSB0, SSB10) to (SSB0)), whether the time for beam application is needed shall be further investigated. It is more like the switch from mTRP mode to sTRP mode. 
For dual TCI to single TCI, which is targeting following scenarios:
· Case 1: UE is still in mTRP scenario while the data demand declines and NW switch the dual TCI to single TCI
· Case 2: UE is out of mTRP scenario and enter sTRP scenario
For above two cases, the TCI switching shall be considered differently. For case 1, UE shall be prepared for simultaneous reception since it is still in mTRP mode. In this case, there is no addition efforts from UE side and the time to apply the TCI state may not needed. For the second case, UE may use the beam for sTRP where the beam for the target TCI state for sTRP may be different from the one in the dual TCI and time to apply the TCI state shall be considered.
Observation 4: For dual TCI to single TCI when the target TCI is one of the source TCI (e.g. [RS1,RS2] to [RS1]), whether UE needs time to apply the TCI states depends on whether UE is still in mTRP mode.
However, there is no clear indication nor conditions on when UE is in mTRP mode or sTRP mode. From UE sides, UE cannot tell the two cases when UE receives DCI triggering TCI state switching. Since it was agreed to use GBBR as the prerequisite for simultaneous reception, it is reasonable to reply on whether UE is configured with GBBR. For instance, if UE is configured with GBBR, we can assume that UE is in mTRP scenarios for simultaneous reception. However, if UE is configured with non-GBBR, it is possible the UE will be switched to sTRP mode and UE shall be able/allowed to use the beam for sTRP.
Proposal 5: For sDCI, for dual TCI to single TCI when the target TCI is one of the source TCI (e.g. [RS1,RS2] to [RS1]), there is no TCI switching delay when UE is configured with GBBR and is NOT configured with non-GBBR. 
Another issue is whether to define UE behaviour when TCI states are not supported. The related proposals are as follows:
	Issue 2-1-3: UE behaviour when TCI states are not supported 
· FFS
· Proposal 1: RAN4 to investigate the UE behaviour when it is not able to receive simultaneously on the dual TCI states.
· Proposal 2: It is proposed to discuss and decide UE behaviour in case the UE does not support the two configured target TCI states simultaneously.



From our understanding, the scenarios described is not very clear. The discussion is like what is UE behaviour when the side conditions are not met. Normally, RAN4 seldom discuss such cases, instead RAN4 focus on the typical cases to guarantee the reliable performance. For this particular case for TCI state switching in mTRP, if the configured TCI states for simultaneous reception cannot be supported by due to movement of UE, it is similar as the case for single TRP when the configured TCI is not suitable when UE change the position, whether the configured TCI based on L1-RSRP maybe blocked temporarily. And RAN4 does not define particular behaviour for this, which can be handled by NW implementation.
Proposal 6: Not to define UE behaviour when the configured TCI states can not be received simultaneously.

3. Conclusions
Proposal 1: For MAC CE based PDCCH TCI state switch for m-DCI scenario, legacy requirements apply for MAC-CE based PDCCH TCI state switch for PDCCH with coresetPoolIndex separately.
Proposal 2: For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, justification is needed for additional delay compared with legacy requirements.
Observation 1: Candidate TCI states for DCI-based TCI state switching are in active TCI state list.
Proposal 3: Not to introduce additional delay for DCI based TCI state switching for s-DCI.
Observation 2: For mDCI, where the backhaul between TRPs is non-ideal, it in unrealistic to restrict that the DCI triggering TCI state switching to be received in the same slot, which is similar as sDCI.
Observation 3: In current RAN1 specification, timeDurationForQCL is only considered between PDCCH and the scheduled PDSCH. In mDCI simultaneous PDSCH reception, it works for the interval between PDCCH and PDSCH from same TRP.
Proposal 4: For mDCI, for DCI based TCI state switching for simultaneous PDSCH reception with different QCL typeD, UE is not expected to receive partially overlapping PDSCH in time domain when the interval between DCI and PDSCH from different TRPs are less than timeDurationForQCL.
Observation 4: For dual TCI to single TCI when the target TCI is one of the source TCI (e.g. [RS1,RS2] to [RS1]), whether UE needs time to apply the TCI states depends on whether UE is still in mTRP mode.
Proposal 5: For sDCI, for dual TCI to single TCI when the target TCI is one of the source TCI (e.g. [RS1,RS2] to [RS1]), there is no TCI switching delay when UE is configured with GBBR and is NOT configured with non-GBBR. 
Proposal 6: Not to define UE behaviour when the configured TCI states can not be received simultaneously.
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