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1. Introduction
In last RAN4 meeting, the RRM impacts of NR FR2 multi-Rx chain DL reception were initially discussed, in terms of L1/L3 measurement enhancement, dual TCI switching with agreement captured in [1][2]. In this paper, we further provide our views on the scope and RRM impacts of dual TCI switching.
2. Discussion
During the discussion in last meeting, high level assumptions for applicable scenarios were discussed in terms of intra-cell/inter-cell, single DCI/multiple DCI, Rel-15/16 TCI framework or Unified TCI in Rel-17. The corresponding agreements are summarized as follows:
	Issue 1-1-1: Requirements to be defined
Agreements: 
· [bookmark: _Hlk116589252]Define DL TCI state switch requirements. UL TCI state switching, and UL spatial relation info switch are not in the scope of the WI.
Issue 1-1-2:  Scenarios to be considered w.r.t Intra-cell/Inter-cell multi-TRP
Agreements: 
· Follow conclusion from thread 211.
Issue 1-1-3:  Scenarios to be considered w.r.t single DCI/multi-DCI.     
Agreements: 
· Follow conclusion from thread 211. 

Sub-topic 1-2: TCI state switching requirements 
Issue 1-2-1: Assumptions for dual TCI state switching
Issue 1-2-1-1: Dual TCI state switching requirements shall be based on
Agreements: 
· Rel-15/Rel-16 TCI framework 
Issue 1-2-1-2:  Can the TCI switch is assumed to be independent on each RX chain?
Agreements: 
· For each of the two TCI states, the TCI state switch is assumed to be independent
· FFS on the definition/scope of “independency.”



Though the applicability of intra-cell/inter-cell and single DCI/multiple DCI are under discussion in the general part of the WI, we would like to provide the analysis on the relation between dual TCI switching w.r.t the above scenarios. If we consider jointly the intra-cell/inter-cell and single DCI and multiple DCI, we would have following cases:
1. Intra-cell single DCI
2. Intra-cell multiple DCI
3. Inter-cell multiple DCI
As commented by companies, if the 4 layer DL MIMO is the only targeting scenario, then it is reasonable to only consider case 1. However, we don’t think 4 layer DL MIMO is the only benefited cases for multi Rx chain. Multiple DCI is also supported since Rel-16 for non-ideal backhaul cases. UE may be configured with different QCL-ed type D TCI towards different TRPs, and UE is configured with different PDSCHs which can be fully/partially overlapping in time domain.
Observation 1: Multiple DCI is also import to be considered for Non-ideal backhaul scenario when UE is capable of multi RX chain. 
For TCI switching of PDSCH for multiple DCI, the feasible procedures in real deployment can be that gNB command TCI switching per TRP/corsetPool. It is possible that gNB command the TCIs switching for only one of the TRP or the TCI switching for two TRP can be scheduled simultaneously.
Observation 2: For multiple DCI case, it is possible that gNB commands the TCI switching for only one of the TRP or the TCI switching for two TRP can be scheduled simultaneously.
Regarding inter-cell vs intra-cell, from TCI switching perspective, there is no significant difference. The only difference could be the QCL source of TCI for inter-cell is the SSB with additional PCI. 
Observation 3: From TCI switching requirement perspective, the only difference could be the QCL source of TCI for inter-cell is the SSB with additional PCI.
For detailed TCI state switching requirements, the agreements and issues are summarized as follows:
	Issue 1-2-1-2:  Can the TCI switch is assumed to be independent on each RX chain?
Agreements: 
· For each of the two TCI states, the TCI state switch is assumed to be independent
· FFS on the definition/scope of “independency.”



It was agreed each of the two TCI states, the TCI state switch is assumed to be independent, but companies have different understanding of the scope of the independency. The motivation of the related proposal is to leave more freedom on TCI switching. For instance, gNB can command to switch only one of the TCI states or switch both TCI states. Or the two TCI states can be switched simultaneously or one after the other. During the discussion in last meeting, companies had concerns on interpreting the independency from another angle that UE can perform two TCI state switching independently. From our understanding, whether UE can independently switch the TCI depends on the conditions under discussion in both RRM and RF. For instance, the two TCI states with different QCL type D source RS shall be received with different “panels” and the AoA separation conditions shall be fulfilled if any.
Proposal 1: From gNB configuration perspective, each of two TCI states can be configured independently. From TCI state switching perspective, whether UE can perform two TCI state switching independently depends on the conditions under discussion in RRM and RF (e.g. known conditions, AoA separation)
For the TCI switching scenarios to be considered, though it is highly related to the agreement of intra/inter-cell and sDCI/mDCI, we present the analysis based on feasible scenarios. The dual TCI switching shall be considered for PDCCH and PDSCH separately.
PDCCH:
sDCI: same as legacy single TCI state switching
mDCI: Two TCI states, and one MAC CE for each TCI state
SFN: Two TCI state, and one MAC for both TCI states.
PDSCH:
sDCI: One DCI for two TCI states
· single TCI to single TCI (legacy)
· single TCI to dual TCI
· dual TCI to single TCI
· dual TCI to dual TCI (change one or both QCL type D RS)
mDCI: Two DCI one for each TCI state
As listed above, for PDCCH, if only single DCI is considered, then the TCI switching is same as legacy single TCI switching. For mDCI with two coresetPoolIndex, MAC can trigger the TCI switching of the beam of one PDCCH. However, for non-repetition cases, UE is not expected to monitor time-domain overlapping CORSET with two QCL type D. In other words, it means UE are using different beam for PDCCH reception but not simultaneously. For UE supporting mTRP-PDCCH-TwoQCL-TypeD-r17, there could be the case that UE are receiving time-domain overlapping CORESETs with two QCL typeD.
	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



For UE support sfnSchemePdcch two TCI states can be configured for one CORESET, and one MAC CE (shown below)can command two TCI states switching.
	

Figure 6.1.3.44-1: Enhanced TCI States Indication for UE-specific PDCCH MAC CE



For PDSCH, the most straightforward case is sDCI. When mapping to different codepoint in DCI, single TCI or dual TCI can be indicated to PDSCH. For single TCI to single TCI, there is no difference from legacy TCI switching requirements. For other cases (single to dual/dual to single/dual to dual), new TCI switching requirements shall be considered. For mDCI case, it is similar as mDCI for PDCCH, the TCI states for two PDSCH are independently configured. 
Thus, based on the analysis above, to further clarify the intended scenario for dual TCI switching, it is proposed to clarify dual TCI state switching as: Dual TCI state switching refers to the case when two active TCI states with QCL typeD for simultaneous reception of PDCCH/PDSCH are involved before and/or after TCI switching command. Then single TCI to single TCI is precluded from the discussion. Another controversial discussion is about the definition of simultaneous reception. 
There is related discussion in [1] which is shown as follows:
	Issue 1-2-1: Definition of “simultaneous reception”
· Proposals
· Option 1 (Ericsson): In this WI, the two RSs are considered to be received simultaneously, if their instances are received in the same or overlapping OFDM symbols, which may occur in one, some, or all RS occasions during the measurement period. 
· Option 2 (Nokia): In this WI, the two RSs, RS and data, or 2 data signals, are considered to be received simultaneously, if their instances are received in the same or overlapping OFDM symbols, which may occur in one, some, or all RS occasions during the measurement period.

Issue 1-2-2: Scenarios for “simultaneous reception”
· Proposals
· Option 1 (ZTE): Under the assumption of non-overlapped or very limited partial overlapped between the beam direction coverage of each panel, all following candidate combinations are possible: 
· Simultaneous fine beam reception from panel A and fine beam reception from panel B
· Simultaneous coarse beam reception from panel A and coarse beam reception from panel B
· Simultaneous fine beam reception from panel A and coarse beam reception from panel B
· Simultaneous coarse beam reception from panel A and fine beam reception from panel B
· Option 2 (Ericsson): RAN4 agrees on the deployment scenarios A-D for discussing the requirements for simultaneous reception from two different directions:
· Scenario A: simultaneous reception of RS0 and RS2, same TRP, same SSB index, same cell
· Scenario B: simultaneous reception of RS0 and RS10, different TRPs, same SSB index, same cell
· Scenario C: simultaneous reception of RS0 and RS3, same TRP, different SSBs, same cell
· Scenario D: simultaneous reception of RS0 and RS13, different TRPs, different SSBs, same cell.



If the target scenario for dual TCI switching is only for simultaneous reception where PDCCH/PDSCHs are fully or partial overlapping in time domain, some case can also be skipped. For instance, though UE is activated with two TCI states with QCL type D for PDSCHs, the PDSCH are not overlapping with each other, then UE is still active one beam at a time.
Proposal 2: Dual TCI state switching refers to the case when two active TCI states with QCL typeD for simultaneous reception of PDCCH/PDSCH are involved before and/or after TCI switching command.
Regarding the known conditions, the status are summarized as follows:
	Issue 1-2-3-1:  When two TCI states are switched simultaneously, known condition for the TCI states is:   
Candidate options for next meeting:
· Option 1: For sDCI framework, TCI state pair can be either both known or both unknown  
· Option 2: Dual TCI states are independent, and each of the TCI state can be known or unknown. The definition of known/unknown for individual TCI state can follow R15/R16 definition.  
· Option 3: 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.
· Option 4: any other option, please specify



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 4: 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.
Observation 5: 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.
Based on the analysis above, the known conditions are proposed as follows:
Proposal 3: 
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.
There were very initial discussion on detailed requirements for dual TCI switching, as could be observed from above analysis, it is still premature to discuss such details with the scope and scenario are still not clear. Thus, it is proposed that the detailed requirements for dual TCI switching can be discussed after the scope of dual TCI switching is clarified.
Proposal 4: The detailed requirements for dual TCI switching can be discussed after the scope of dual TCI switching is clarified.
There was also discussion on active TCI state list updating, and companies proposed detailed action about the updating, e.g. addition/removal. From our understanding, the legacy requirements for active TCI state list updating is referring to following procedure in TS 38.321. The TCI list updating is up to NW configuration and there is no need to further define the requirements for one particular updating action.
	[bookmark: _Toc115557929][bookmark: _Toc52796512][bookmark: _Toc52752050][bookmark: _Toc46490355][bookmark: _Toc37296228][bookmark: _Toc29239866]5.18.4	Activation/Deactivation of UE-specific PDSCH TCI state
The network may activate and deactivate the configured TCI states for PDSCH of a Serving Cell or a set of Serving Cells configured in simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2 by sending the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE described in clause 6.1.3.14. The network may activate and deactivate the configured TCI states for a codepoint of the DCI Transmission configuration indication field as specified in TS 38.212 [9] for PDSCH of a Serving Cell by sending the Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE described in clause 6.1.3.24. The configured TCI states for PDSCH are initially deactivated upon (re-)configuration by upper layers and after reconfiguration with sync.



Proposal 5: RAN4 to discuss the active TCI state list update delay considering dual TCI state based on Activation/Deactivation of UE-specific PDSCH TCI state described in RAN2 spec.

3. Conclusions
Observation 1: Multiple DCI is also import to be considered for Non-ideal backhaul scenario when UE is capable of multi RX chain. 
Observation 2: For multiple DCI case, it is possible that gNB commands the TCI switching for only one of the TRP or the TCI switching for two TRP can be scheduled simultaneously.
Observation 3: From TCI switching requirement perspective, the only difference could be the QCL source of TCI for inter-cell is the SSB with additional PCI.
Proposal 1: From gNB configuration perspective, each of two TCI states can be configured independently. From TCI state switching perspective, whether UE can perform two TCI state switching independently depends on the conditions under discussion in RRM and RF (e.g. known conditions, AoA separation)
Proposal 2: Dual TCI state switching refers to the case when two active TCI states with QCL typeD for simultaneous reception of PDCCH/PDSCH are involved before and/or after TCI switching command.
Observation 4: The known conditions for dual TCI states switching serve following purpose:
3. UE knows the beam pair of the target TCI states and no need to perform L1-RSRP measurement 
4. The configured two TCI states can be simultaneously received by UE. 
Observation 5: 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 3: 
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.
Proposal 4: The detailed requirements for dual TCI switching can be discussed after the scope of dual TCI switching is clarified.
Proposal 5: RAN4 to discuss the active TCI state list update delay considering dual TCI state based on Activation/Deactivation of UE-specific PDSCH TCI state described in RAN2 spec.
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