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As a L1/L2-based procedure, in LTM, network can indicate UE to activate or switch to a TCI state in LTM candidate configuration. In this contribution, we discuss TCI state handling in LTM.
Discussion
‘Inside’ vs. ‘outside’ TCI state lists
According to latest RRC running CR [1], LTM candidates are configured as the following structure.
LTM-CandidateToAddModList-r18 ::= SEQUENCE (SIZE (1..maxNrofCellsLTM-r18)) OF LTM-Candidate-r18

[bookmark: _Hlk149127880]LTM-Candidate-r18 ::=     SEQUENCE {
    ltm-CandidateId-r18                            LTM-CandidateId-r18,
    ltm-CandidatePCI-r18                           PhysCellId,
    ltm-SSB-Config-r18,                            LTM-SSB-Config-r18                                    OPTIONAL,    -- Need M
    ltm-CandidateConfig-r18                        OCTET STRING (CONTAINING RRCReconfiguration),         OPTIONAL,    -- Need M
    ltm-ConfigComplete-r18                         ENUMERATED {true}                                     OPTIONAL,    -- Need R
    ltm-EarlyUL-SyncConfig-r18                     SetupRelease { EarlyUL-SyncConfig-r18 }               OPTIONAL,    -- Need M
    ltm-NoResetID-r18                              INTEGER (1..maxNrofCellsLTM-r18-1)                    OPTIONAL,    -- Need M
    ltm-DL-OrJointTCI-StateToAddModList-r18        SEQUENCE (SIZE (1..maxNrofCandidateTCI-States-r18)) OF CandidateTCI-State-r18    
                                                                                                         OPTIONAL,    -- Need N
    ltm-DL-OrJointTCI-StateToReleaseList-r18       SEQUENCE (SIZE (1..maxNrofCandidateTCI-States-r18)) OF CandidateTCI-StateId-r18  
                                                                                                         OPTIONAL,    -- Need N
    ltm-UL-TCI-ToAddModList-r18                    SEQUENCE (SIZE (1..maxNrofCandidateUL-TCI-r18)) OF CandidateTCI-UL-State-r18       
                                                                                                         OPTIONAL,    -- Need N
    ltm-UL-TCI-ToReleaseList-r18                   SEQUENCE (SIZE (1.. maxNrofCandidateUL-TCI-r18)) OF CandidateTCI-UL-StateId-r18     
                                                                                                         OPTIONAL,    -- Need N
    ltm-UE-MeasuredTA-ID-r18                       INTEGER (1..maxNrofCellsLTM-r18-1)                    OPTIONAL,    -- Need M
    ...
}
As shown above, for each LTM candidate (LTM-Candidate), a set of TCI state lists (for Joint/DL and UL) are configured outside the RRC container (ltm-CandidateConfig) so that UE knows the TCI states for this candidate without decoding the configurations in the container, and network may activate candidate’s TCI state(s) before LTM cell switch. Once the candidate is selected, UE decodes the container of candidate configuration, and it may find another set of TCI state lists inside the container. There can be different ways to configure and handle the ‘inside’ and ‘outside’ TCI state lists. For example, the two lists can be:
· The same: The same TCI state ID indicated the same QCL RS in both lists
· Independent: TCI states with the same ID in different lists may have different source RS
· RSs of the same ID are on the same QCL chain, e.g., outside list has SSB and inside list has TRS QCL-ed with that SSB
· Outside list is a subset of inside list, e.g., SSB-based TCI states are the same, and inside list has CSI-RS based TCI states
From RRC perspective, the simplest way would be to assume that the two TCI state lists are independent. This means that no restrictions or expectations are captured in RAN2 specification. However, network implementation by still keep some levels of resemblance, for example, the same SSB is associated with the same TCI state ID in both lists.
Proposal 1:	RAN2 assumes that the TCI lists inside and outside a LTM candidate’s RRC container are independent of each other.
If we agree to have two independent TCI state lists, we need to discuss which list the TCI state ID in LTM MAC CEs refers to. Before cell switch, network may send Candidate Cell TCI States Activation/Deactivation MAC CE to activate or deactivate TCI state(s) of a candidate cell. The TCI state ID(s) in this MAC CE should refer to the ‘outside’ list, since we do not expect UE to decode the container. 
Proposal 2:	In Candidate Cell TCI States Activation/Deactivation MAC CE, the TCI state IDs refer to the list outside candidate’s RRC container. 
Upon LTM cell switch, network sends the LTM Cell Switch Command MAC CE. If TCI state ID is included in this MAC CE, one may argue that the ID may refer to the ‘inside’ list since the UE anyway needs to decode the RRC container. However, source cell only has knowledge on each candidate’s ‘outside’ list, and thus it cannot indicate a TCI state of ‘inside’ list unless the two lists are the same. Then the TCI state ID should still refer to the ‘outside’ list. 
Proposal 3:	In LTM Cell Switch Command MAC CE, the TCI state ID refers to the list outside candidate’s RRC container. 
Moreover, CA is supported in LTM. According to current MAC running CR [2], there is one TCI state ID field in the LTM Cell Switch Command MAC CE, and the TCI state ID indicates and activates the TCI state for the SpCell of the target configuration indicated by the Target Configuration ID field. In CA scenario, however, the TCI states of SCells are unclear. We may either rely on network configuration (e.g., using simultaneousU-TCI-UpdateList), or delay SCell activation until UE receives TCI state indication from target cell. We believe that the former has less spec impact and is thus preferred.
Proposal 4:	In CA scenario of LTM, we rely on proper network configurations for the TCI states of SCells.
RACH-based LTM
In Oct. WG meeting, both RAN1 and RAN2 discussed the TCI state to be used during and after RACH-based LTM. Although no conclusion was reached, RAN1 listed the following options [3]:
	· Opt.1: During and after RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the cell switch command. 
· Opt.2: During and after RACH procedure until a new TCI state is indicated by the target cell, a UE follows the SSB identified during a recent RACH procedure. 
· Opt.3: During RACH procedure, a UE follows the SSB identified during a recent RACH procedure. After RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the cell switch command
· Opt.4: CFRA with Opt.1 and CBRA with Opt.2. 
· Opt.5: During RACH procedure, a UE follows the SSB of the indicated TCI-state in the cell switch command. After RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the cell switch command
· Opt.6: Channels associate with RACH procedure, a UE follows the SSB identified during a recent RACH procedure. Channel following indicated TCI states until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the cell switch command



RAN2 decided to wait for RAN1 discussion [4]. Since RAN1 discussion did not converge in last meeting, we may make our decision or at least assumptions.
	Session chair: We wait for R1 discussion. If not converged at next meeting RAN2 can decide.
As legacy = UE uses indicated beam if CFRA, UE selects a beam if CBRA (and ignores indicated beam if any). 


As RAN2 clarified, in legacy RACH procedure, UE uses indicated beam in CFRA, and UE selects a beam in CBRA. Therefore, RAN1’s Opt. 4 looks more reasonable. That is, for CFRA, during and after RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state in the cell switch command. For CBRA, During and after RACH procedure until a new TCI state is indicated by the target cell, a UE follows the SSB identified during a recent RACH procedure. Notice that for CFRA case, there are ‘TCI state ID’ and ‘SS/PBCH’ (as a part of CFRA information) fields in the MAC CE design [2], and they both indicate a beam. We can further discuss which one should be used (e.g., TCI state ID is absent in case of RACH-based LTM, and the beam is indicated using SS/PBCH index).
Proposal 5:	In RACH-based LTM:
· For CFRA, during and after RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state (or SS/PBCH index) in the cell switch command. 
· For CBRA, during and after RACH procedure until a new TCI state is indicated by the target cell, a UE follows the SSB identified during a recent RACH procedure.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	RAN2 assumes that the TCI lists inside and outside a LTM candidate’s RRC container are independent of each other.
Proposal 2:	In Candidate Cell TCI States Activation/Deactivation MAC CE, the TCI state IDs refer to the list outside candidate’s RRC container. 
Proposal 3:	In LTM Cell Switch Command MAC CE, the TCI state ID refers to the list outside candidate’s RRC container. 
Proposal 4:	In CA scenario of LTM, we rely on proper network configurations for the TCI states of SCells.
Proposal 5:	In RACH-based LTM:
· For CFRA, during and after RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated TCI-state (or SS/PBCH index) in the cell switch command. 
· For CBRA, during and after RACH procedure until a new TCI state is indicated by the target cell, a UE follows the SSB identified during a recent RACH procedure.
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