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1. Introduction
In last RAN4 meeting, the RRM impacts of NR FR2 multi-Rx chain DL reception were initially discussed, with agreement captured in [1][2][3]. In this paper, we further provide our views on the scope and RRM impacts of dual TCI switching.
2. Discussion
2.1 Scenario 
Due to limited time for online treating, only selected topics were discussed in last meeting. In the discussion about general part, following agreements were achieved [1]:
	<Agreement >:
Issue 1-1-4: Support of single-DCI and/or multi-DCI multi-TRP operation
· 	Consider both sDCI and mDCI



Regarding the specific scenarios for dual TCI switching, the agreements are as follows [2]:
	Issue 1-1-1: Regarding group-based reporting and simultaneous reception with different QCL type-D
·  Agreement
· group based reporting is one of the means to enable simultaneous reception
· Candidate proposals for further study
· Option 1: Simultaneous reception is not necessarily based on group-based reception
· Option 2: TCI switch requirements are to specify dual TCI state switching requirements for multi-Rx (not necessary to limit to only simultaneous reception)

Issue 1-1-2: As per RAN1 agreements, group-based reporting is supported for single DCI only. If group-based reporting is a prerequisite, this AI can focus on single DCI case only. 
· Candidate proposals for further study
· Companies to check this RAN1 agreement and more discussion is needed during next meeting. 

Issue 1-1-3: Definition of Dual TCI state switch 
· Dual TCI state switching refers to the case when two active TCI states with QCL type D for simultaneous reception of PDCCH/PDSCH are involved before and/or after TCI switching command. 
· In other words, following are considered as dual TCI state switching to discuss the requirements 
· Single DCI to Dual TCI
· Dual TCI to Dual TCI 
· FFS: Dual TCI to Single TCI

Issue 1-2-1: TCI state switch indication method for PDCCH and PDSCH 
· PDCCH non-SFN 
· Only single PDCCH is supported. So Single MAC CE should be used
FFS: PDCCH SFN 
· One MAC CE is used to indicate both TCI states 
· PDSCH 
· For both SFN and non-SFN, only one DCI code point is indicated using single DCI and the code point may indicate one or two TCI states




Based on the analysis above, there are many sub-cases for dual TCI switching. The dual TCI switching shall be further categorized considering following factors:
· sDCI vs mDCI
· Dual TCI switching for PDCCH/PDSCH
· Triggered method: DCI/MAC-CE/RRC
· SFN/non-SFN
Observation 1: Following factor shall be considered when determine the Scope of dual TCI switching:
· sDCI vs mDCI
· Dual TCI switching for PDCCH/PDSCH
· Triggered method: DCI/MAC-CE/RRC
· SFN/non-SFN
First, regarding the SFN/non-SFN, it could be observed that there are already discussion and agreements Rel-18 HST [4] regarding TCI switching for multi-panel reception. Thus, it is more suitable to consider the dual TCI switching in SFN in HST to avoid duplicated/overlapping discussion.
Proposal 1: Dual TCI switching in SFN to be discussed in Rel-18 HST FR2.
Then, if we only consider non-SFN case, we would like to give our analysis about possible TCI switching scenarios for sDCI and mDCI respectively.
· For sDCI:
· PDCCH
For PDCCH reception, simultaneous PDCCH reception with different QCL typed are only supported for PDCCH repetition with following capability. For all other cases, UE is not expected to monitor PDCCH with different QCL-typeD for time-domain overlapping CORESETs.
	mTRP-PDCCH-TwoQCL-TypeD-r17	
Indicates the support of determining two QCL-TypeD for time-domain overlapping CORESETs in the same CC or for intra-band CA when UE is configured with PDCCH repetition.
The UE indicating support of this feature shall also indicate support of mTRP-PDCCH-Repetition-r17.
	Band
	No
	N/A
	FR2 only



Observation 2: Simultaneous reception for PDCCH with different QCL-TypeD are applicable for sDCI PDCCH reception when UE is capable of mTRP-PDCCH-TwoQCL-TypeD-r17.
For above applicable scenario, the mapping of the first and second QCL typeD TCI states are defined in TS 38.214 according to the CORSET index. Thus, the possible mechanism for “dual TCI switching” for PDCCH could be as follows:
1. Two CORESETs are time-domain overlapping with same QCL typeD. NW sends one MAC CE to Change the TCI of one of the CORESETs that UE can simultaneous receive these two CORSETs with different QCL typeD.
2. NW reconfigure the time-domain overlapping CORESTs with different QCL typed via RRC message.
However, from our understanding, we don’t see clear need to define the requirements for PDCCH repetition as it is only supported in quite limited scenario. Thus, it is proposed to only define requirements for PDSCH which is directly related to 4L MIMO reception.
· PDSCH
The dual TCI state switching for PDSCH in sDCI is much more straightforward since it is commanded by single DCI. When mapping to different codepoint in DCI, single TCI or dual TCI can be indicated to PDSCH. It was agreed to define requirements to support Single DCI to Dual TCI Dual TCI to Dual TCI, and one FFS point is whether to define requirements for dual TCI to single TCI. From our understanding, dual TCI to single TCI shall all be considered. The applicable scenarios for above three TCI switching cases are as follows:
· Single TCI to Dual TCI: The mTRP/simultaneous reception conditions are satisfied, and NW active the simultaneous reception.
· Dual TCI to Dual TCI: Beam adjustment during mTRP/ simultaneous reception state.
· Dual TCI to Single TCI: UE is not suitable for mTRP/simultaneous reception anymore, and UE go back to legacy single TRP reception.
Based on the analysis above, it could be observed that both three TCI switching actions are import for enabling simultaneous reception. Dual TCI to single TCI is also important since UE can not always stay in mTRP reception state.
Observation 3: Dual TCI to single TCI is also important to enable simultaneous reception since UE cannot always stay in mTRP reception state.
· For mDCI:
· PDCCH: Similar as the analysis above, time-domain overlapping PDCCH with different QCL-TypeD is not supported for mDCI.
· PDSCH: For PDSCH, the definition of “simultaneous reception” is not that clear as sDCI case since the PDSCH is scheduled independently by separate DCI. According to the UE capability description below, the PDSCH can be fully/partially overlapped in time domain.
	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:



Observation 4: For mDCI, simultaneous PDSCH reception is for the case when PDSCH are fully/partially overlapped in time domain with different QCL-TypeD.
Thus, since the COREST is not expected to be overlapped in time domain, the possible cases are illustrated as follows:
[image: ]
Fig.1 Simultaneous PDSCH reception with different QCL-TypeD in mDCI with partial/fully overlapping PDSCH in time domain.
Based on the analysis above, we proposed to define dual TCI switching requirements for following cases:
sDCI: PDSCH TCI switching triggered by single DCI for following cases:
· single TCI to dual TCI
· dual TCI to dual TCI
· dual TCI to single TCI
mDCI: PDSCHs partially/fully overlapped in time domain with different QCL-typeD scheduled by individual DCI.
Proposal 3: Define dual TCI switching requirements for following cases:
sDCI: PDSCH TCI switching triggered by single DCI for following cases:
· single TCI to dual TCI
· dual TCI to dual TCI
· dual TCI to single TCI
mDCI: PDSCHs partially/fully overlapped in time domain with different QCL-typeD scheduled by individual DCI.

2.2 Known condition  
Regarding the known conditions, the latest status is summarized as follows:
	Issue 1-4-1: Known and unknown states combination
· Dual TCI state switching requirements are defined for simultaneous reception. It is FFS whether we need to define any new requirements for non-simultaneous reception. The dual TCI states known, or unknown are FFS. 
· Option A: known and known 
· Option B: Known and unknown 
· Option C: unknown and unknown



As commented in last meeting, the known conditions for Rle-18 dual TCI states switching are having different meaning than legacy single TCI state switching.
Known conditions for legacy single TCI state switching:
1. UE knows the beam of the target TCI states and no need to perform L1-RSRP measurement 
Known conditions for dual TCI states switching
1. UE knows the beam pair of the target TCI states and no need to perform L1-RSRP measurement 
2. The configured two TCI states can be simultaneously received by UE. 
Observation 5: The known conditions for dual TCI states switching serve following purpose:
1. UE knows the beam pair of the target TCI states and no need to perform L1-RSRP measurement 
2. The configured two TCI states can be simultaneously received by UE. 
For instance, based on the legacy known conditions for single TCI switching, if UE has measured target RS individually, then UE is aware of the beam of each TCI states. However, it is possible that these two TCI states cannot be simultaneously received by the UE, then even they are all fulfilling the known conditions, UE cannot perform correct reception using these two TCI states. Based on agreement in RAN1 in R16, it is up to UE implementation to handle the case.
As shown in the example as illustrated in Fig.2. UE has sent legacy L1-RSRP for RS1 and RS2 separately. According to legacy known conditions for single TCI state switching, TCI1 and TCI2 fulfill the known conditions. However, if NW triggers TCI switching to dual TCI (TCI1, TCI2), it is possible that the Rx beam for TCI1 and TCI2 are on the same panel that UE can not do simultaneous reception.
[image: ]
Fig.2 legacy known conditions vs simultaneous reception with different QCL-TypeD

Observation 6: Based on legacy requirements, even the two TCI states can fulfill the known conditions, it is still possible that the indicated two TCI states cannot be received by a UE simultaneously which is up to UE implementation to handle the case, and the behavior cannot be verified.
Thus, in Rel-17, RAN1 has introduced the groupBasedBeamReporting-r17 to indicate NW the feasible TCI state pair that UE can simultaneous receive, which is shown in following Fig.3.
[image: ]
Fig.3 Dual TCI based on groupBasedBeamReporting-r17
Based on the analysis above, the known conditions are proposed as follows:
Proposal 4: 
Following conditions shall be considered for the known conditions:
· The UE has sent at least one L1-RSRP report for the target TCI states before the TCI state switch command where the associated QCL type D RSs are reported within one group configured by groupBasedBeamReporting-r17. 
· The associated QCL type D RSs in target TCI states satisfy the conditions that the RSs are received from different panels, where the conditions shall follow RF conclusion.
Based on the analysis above, we are wondering whether UE is aware the Rx beam for simultaneous reception is expected for all the cases since there is no explicate indication for this. As illustrated in following example,
[image: ]
Fig.4 Suboptimal Rx beam for simultaneous reception
Based on legacy L1-RSRP measurement, UE can determine the best Tx beam and Rx beam as shown in the left part in the Fig.4 where the Rx beam for RS0 and RS1 are located in the same panel. However, for simultaneous reception, UE may choose the suboptimal Rx beam for RS0 which is located in another panel and indicate to NW that (RS0, RS1) can be received simultaneously via groupBasedBeamReporting-r17. For some cases, UE is not aware of the intention of NW for simultaneous reception, then it is still possible that UE choose the best beam to obtain the best throughput performance. For instance, in mDCI, PDSCH are scheduled individually, so when UE receives DCI with TCI QCL-TypeD to RS0, Whether UE is allowed to use the best Rx beam or UE shall always be prepared for simultaneous reception and choose the suboptimal Rx beam.
Observation 7: For the same TCI QCL-typeD, UE may choose different Rx beam for simultaneous reception and single TRP reception.
Proposal 5: RAN4 to discuss whether UE shall always be prepared for simultaneous reception or UE is allowed to choose the best Rx beam for single TRP reception (e.g. mDCI).

3. Conclusions
Observation 1: Following factor shall be considered when determine the Scope of dual TCI switching:
· sDCI vs mDCI
· Dual TCI switching for PDCCH/PDSCH
· Triggered method: DCI/MAC-CE/RRC
· SFN/non-SFN
Proposal 1: Dual TCI switching in SFN to be discussed in Rel-18 HST FR2.
Observation 2: Simultaneous reception for PDCCH with different QCL-TypeD are applicable for sDCI PDCCH reception when UE is capable of mTRP-PDCCH-TwoQCL-TypeD-r17.
Observation 3: Dual TCI to single TCI is also important to enable simultaneous reception since UE cannot always stay in mTRP reception state.
Observation 4: For mDCI, simultaneous PDSCH reception is for the case when PDSCH are fully/partially overlapped in time domain with different QCL-TypeD.
Proposal 3: Define dual TCI switching requirements for following cases:
sDCI: PDSCH TCI switching triggered by single DCI for following cases:
· single TCI to dual TCI
· dual TCI to dual TCI
· dual TCI to single TCI
mDCI: PDSCHs partially/fully overlapped in time domain with different QCL-typeD scheduled by individual DCI.
Observation 5: The known conditions for dual TCI states switching serve following purpose:
UE knows the beam pair of the target TCI states and no need to perform L1-RSRP measurement 
The configured two TCI states can be simultaneously received by UE. 
Observation 6: Based on legacy requirements, even the two TCI states can fulfill the known conditions, it is still possible that the indicated two TCI states cannot be received by a UE simultaneously which is up to UE implementation to handle the case, and the behavior cannot be verified.
Proposal 4: 
Following conditions shall be considered for the known conditions:
· The UE has sent at least one L1-RSRP report for the target TCI states before the TCI state switch command where the associated QCL type D RSs are reported within one group configured by groupBasedBeamReporting-r17. 
· The associated QCL type D RSs in target TCI states satisfy the conditions that the RSs are received from different panels, where the conditions shall follow RF conclusion.
Observation 7: For the same TCI QCL-typeD, UE may choose different Rx beam for simultaneous reception and single TRP reception.
Proposal 5: RAN4 to discuss whether UE shall always be prepared for simultaneous reception or UE is allowed to choose the best Rx beam for single TRP reception (e.g. mDCI).
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