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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 Scenario 
Based on the agreements in last meeting, the scope of multi-Rx and dual TCI were clarified and some scenarios were down scoped as follows:
	WF R4-2303302
Issue 1-1-3: M-TRP scenarios for Rel-18 multi-Rx DL reception
· Focus on intra-cell multi-TRP operation scenario
· No requirements will be introduced for inter-cell multi-TRP operation in R18.

WF R4-2303317
TCI State Switching
· Agreements in online session
· Group Based Reporting and s/mDCI
· Group based reporting applies to both sDCI and mDCI
· Investigate and if needed specify requirements for the following TCI state switching scenarios
· single TCI to dual TCI
· dual TCI to dual TCI
· dual TCI to single TCI
· TCI Switch triggering method:
· MAC-CE based dual TCI state switch for PDCCH reception
· DCI based dual TCI state switch for PDCSH reception
· FFS RRC triggered TCI state configuration.




First, one issues not treated in the last meeting is whether to consider SFN case.It could be observed that there are already discussion and agreements Rel-18 HST [3] 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.
Based on agreements in last meeting, RAN4 is going to define requirements for both sDCI and mDCI for all following 3 cases:
· single TCI to dual TCI
· dual TCI to dual TCI
· dual TCI to single TCI
and considering following TCI switching triggering method for corresponding physical channels:
· MAC-CE based dual TCI state switch for PDCCH reception
· DCI based dual TCI state switch for PDCSH reception
· FFS RRC triggered TCI state configuration.
One of the remaining issues is whether to consider RRC triggered TCI state configuration. In legacy requirements, RRC based TCI switching is considered for particular scenario (e.g. theatre) when only one TCI state is configured. Apparently, UE will deem the TCI as the active TCI state. However, for dual TCI states, even only one TCI states pair is configured, UE has no idea on the mapping between the two TCI states and two TRPs. Thus, it seems the RRC-based approach can not work for dual TCI state switching.
Proposal 2: Do not consider RRC triggered dual TCI state switching.
Thus, in following part of the contribution, we provide our analysis in case by case manner for the agreed scenarios:
[bookmark: _Hlk129698183]2.2 sDCI PDCCH
For sDCI, for most cases, PDCCH comes from single TRP. In Rel-17, PDCCH repetition was introduced.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 1: 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 2: For scenario expect for described in option 1, legacy requirements for PDCCH TCI state switching can apply.
For sDCI PDCCH reception case, we further provide our analysis on the framework in mTRP and the potential TCI state switching method. According to RAN1 specification TS 38.214, for UE supporting the above capability, UE will first identify the first and second COREST, and UE shall monitor the PDCCH with different QCL type D.
	If a UE 
-	is configured for single cell operation or for operation with carrier aggregation in a same frequency band,
-	monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have been configured with same or different qcl-Type set to 'typeD' properties on active DL BWP(s) of one or more cells, and
-	is provided twoQCLTypeDforPDCCHRepetition
the UE monitors PDCCHs only in a first CORESET with qcl-Type set to first 'typeD' properties and, if any, in a second CORESET with qcl-Type set to second 'typeD' properties that are different than the first 'typeD' properties, and in any other CORESET from the multiple CORESETs with corresponding qcl-Type set to either the first 'typeD' properties or to the second 'typeD' properties 
-	the first CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS sets, if any; otherwise, to the USS set with the lowest index in the cell with lowest index
-	excluding CSS sets and USS sets associated with CORESETs with qcl-Type set to first 'typeD' properties, the second CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS sets, if any; otherwise, to the USS set with the lowest index in the cell with lowest index, where the CSS set or the USS set includes searchSpaceLinkingId with same value as any CSS set or any USS set associated with CORESETs with qcl-Type set to first 'typeD' properties
-	the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions



Then, if RAN4 going to define dual TCI switching requirement for above cases, 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. 
Proposal 3: RAN4 to discuss whether to define TCI switching requirements for sDCI PDCCH repetition with different QCL-TypeD when UE is capable of mTRP-PDCCH-TwoQCL-TypeD-r17
2.3 sDCI PDSCH
For sDCI PDSCH, the resource of PDSCH from different TRPs are overlapped in time /frequency domain. There is no big difference between DCI triggered PDSCH TCI state switching. The only difference is that the target TCI states having different QCL type-D. According to the agreed three cases, we would like to further discuss the TCI switching from dual TCI to single TCI.
Based on current requirements, the DCI triggered PDSCH TCI state switching delay is defined as follows. For single to dual, dual to dual, we think the legacy requirements can apply. However, 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. 
	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].


 
Proposal 4: For sDCI PDSCH TCI state switching, legacy requirements can apply to following cases:
· single TCI to dual TCI
· dual TCI to dual TCI
and RAN4 to discuss whether the timeDurationForQCL is needed for dual TCI to single TCI when the target TCI is one of the source TCI. 


2.4 mDCI PDCCH
Similar as the analysis above, time-domain overlapping PDCCH with different QCL-TypeD is not supported for mDCI. Thus, there is no need to define TCI switching requirements for mDCI PDCCH.
Observation 3: There is time-domain overlapping PDCCH with different QCL-TypeD for mDCI.
Proposal 5: There is no need to define dual TCI state switching requirements for mDCI PDCCH.
2.5 mDCI PDSCH
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.
For Dual TCI state switching requirements, we proposed to define requirements for PDSCHs partially/fully overlapped in time domain with different QCL-typeD scheduled by individual DCI.
Proposal 6: RAN4 to define requirements for dual TCI for mDCI PDSCH for PDSCHs partially/fully overlapped in time domain with different QCL-typeD scheduled by individual DCI.
However, for mDCI scenarios, we brought up one issue in last meeting about whether UE shall always be prepared for simultaneous reception. Since the PDCCH comes from different TRP and schedules PDSCH individually, even UE is configured with different coresetPoolIndex value, we are not sure whether UE shall assume that it is in mTRP mode for simultaneous reception. One realistic problem is that the reported beam pairs via groupbased reporting may not be the best beams for both TRPs as shown in following Fig 2. The reported beam pair is probably the suboptimal beam subject to simultaneous reception.
[image: ]
Fig. 2 Suboptimal Rx beam for simultaneous reception
As the DCI is receive independently, when UE receive DCI triggered TCI switch from one TRP, UE does not know whether there is simultaneous reception or not. If UE is allowed to choose the best beam for reception, there is risk that UE may not able to perform simultaneous reception if subsequent DCI scheduled overlapped PDSCH. Basically, it related to the problem when UE shall assume that it is in mTRP mode and shall be prepared for simultaneous reception. Based on the proposal in las meeting, some companies proposed that UE shall assume that it is in mTRP mode when configured with group-based reporting or there dual TCI states in the TCI list, and some other companies proposed to introduce explicit UE indications to NW. From our understanding, this is basic and essential problem to be clarified to enable the feature as UE and NW shall have consistent understanding on when two panel is on and when UE shall assume it is in mTRP mode.
Observation 5: As the DCI is receive independently, UE does not know whether there is simultaneous reception or not and it is not clear whether UE shall assume that it is in mTRP mode and shall be prepared for simultaneous reception.
We also analyse the above issue in the general part which is believed to be an basic assumptions for multi-Rx in mTRP.
2.6 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 6: 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.3. 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.3 legacy known conditions vs simultaneous reception with different QCL-TypeD

Observation 7: 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.4.
[image: ]
Fig.4 Dual TCI based on groupBasedBeamReporting-r17
Based on the analysis above, the known conditions are proposed as follows:
Proposal 7: 
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.

3. Conclusions
Proposal 1: Dual TCI switching in SFN to be discussed in Rel-18 HST FR2.
Proposal 2: Do not consider RRC triggered dual TCI state switching.
Observation 1: 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 2: For scenario expect for described in option 1, legacy requirements for PDCCH TCI state switching can apply.
Proposal 3: RAN4 to discuss whether to define TCI switching requirements for sDCI PDCCH repetition with different QCL-TypeD when UE is capable of mTRP-PDCCH-TwoQCL-TypeD-r17
Proposal 4: For sDCI PDSCH TCI state switching, legacy requirements can apply to following cases:
· single TCI to dual TCI
· dual TCI to dual TCI
and RAN4 to discuss whether the timeDurationForQCL is needed for dual TCI to single TCI when the target TCI is one of the source TCI. 
Observation 3: There is time-domain overlapping PDCCH with different QCL-TypeD for mDCI.
Proposal 5: There is no need to define dual TCI state switching requirements for mDCI PDCCH.
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 6: RAN4 to define requirements for dual TCI for mDCI PDSCH for PDSCHs partially/fully overlapped in time domain with different QCL-typeD scheduled by individual DCI.
Observation 5: As the DCI is receive independently, UE does not know whether there is simultaneous reception or not and it is not clear whether UE shall assume that it is in mTRP mode and shall be prepared for simultaneous reception.
Observation 6: 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. 
Observation 7: 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 7: 
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.
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