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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#108 meeting, there were continued discussions on dual TCI states switching for FR2 multi-Rx chain DL reception. The following agreements on dual TCI states switching were achieved and captured in the WF [1]. 
	· The TCI state reference signals reception for T/F tracking
· For sDCI mTRP case, T/F tracking for dual TCI states switching is applicable in requirements for MAC-CE based TCI state switch delay and active TCI state list update
· (Tfirst-SSB) is updated to max(Tfirst-SSB1, Tfirst-SSB2)
· UE behaviour when dual TCI states are not supported 
· No UE behavior is defined in Rel-18 multi-Rx WI when UE cannot receive dual TCI states simultaneously
· Other proposals for further discussion
· FFS: For DCI-based TCI state switching for sDCI, there is no TCI state switching delay for the case from dual TCI to single TCI state switch when the target TCI is one of the source TCI (e.g. [RS1, RS2] to [RS1]), when UE is configured with GBBR and is NOT configured with non-GBBR.
· Detectable condition
· For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/evaluation/TCI state switch period
· DCI based dual TCI state switch for sDCI scenario 
· Reuse Rel-16 requirements as baseline
· FFS if additional delay is introduced on top of Rel-16 requirements
· DCI based dual TCI state switch for mDCI scenario[image: ]
· DCI based dual TCI state switch delay for mDCI is independent provided the following conditions are met:
· For m-DCI based dual TCI states switch, reuse Re-16 requirements for each TCI state switch delay
· if gap between (DCI0, PDSCH0), (DCI1, PDSCH1) is not less than timeDurationForQCL
· if gap between (DCI0, PDSCH1), (DCI1, PDSCH0) is not less than timeDurationForQCL, requirements applicability and UE behaviour is subject to RAN1 confirmation.
· MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition
· For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition [where two MAC-CEs are received in one slot], the legacy delay requirements apply if following conditions are met.
· Target dual TCI states are in the active TCI state list; or 
· If target dual TCI states are NOT in the active TCI state list and [Tfirst_SSB] is longer than [125]us, where Tfirst_SSB is the shorter one between Tfirst-SSB1 and Tfirst_SSB2. 
· FFS if requirements should be defined for the case.
· Otherwise, [125] µs additional delay is considered
· MAC CE based PDCCH TCI state switch for m-DCI scenario
· For MAC-CE based PDCCH TCI state switch when PDCCHs are configured with different CoresetPoolIndex separately for m-DCI scenario, the legacy delay requirements apply for each TCI state switch. 
· Note: new beam pair can be used only after both the two TCI states switch are completed.
· Simultaneous PDDCH reception for m-DCI scenario should be checked with RAN1.
· Whether to define requirements for RRC based TCI state switch 
· Further check with RAN1 if this is supported.
· For RRC based PDCCH TCI state switch for m-DCI scenario, legacy delay requirements apply when there is single TCI configured by RRC for a CORESET other than a CORESET with index 0.
· Requirements to be considered 
· For MAC-CE based dual TCI state switch delay, delay requirements are only defined for known TCI states in Rel-18.
· Active TCI state list update Active TCI state list update delay requirement
· For s-DCI case, 
· The existing requirement for active TCI state list update can be reused with the update to T/F tracking.
· For m-DCI case, 
· FFS: The existing requirement for active TCI state list update can be reused with the update that it is for each TRP.


The highlighted issues need further discussions. Some of the issues are subject to RAN1 feedback which is expected to be provided by reply LS. Some of the issues are FFS and further conclusion is needed. In this contribution, we further provide our views on the FFS open issues for TCI state switching requirements for FR2 multi-Rx chain DL reception.
2. Discussion
2.1 General
Issue 2-1-4: Other proposals for further discussion
	· FFS: For DCI-based TCI state switching for sDCI, there is no TCI state switching delay for the case from dual TCI to single TCI state switch when the target TCI is one of the source TCI (e.g. [RS1, RS2] to [RS1]), when UE is configured with GBBR and is NOT configured with non-GBBR.


The switch of multi-TRP operation and single-TRP operation could be dynamic and is up to NW scheduling. For PDCCH reception, in order to switch from dual TCI states to single TCI state or vice versa, it has to be triggered by a MAC-CE command. Then the case would be that when the dual TCI states, e.g., [RS1, RS2], is used for previous multi-DCI reception, whether one of the TCI states, e.g., RS1, could be considered as known that T/F tracking based on reference SSB is not needed anymore. Anyway, the delay for MAC decoding is still needed. 
In existing specification, if target TCI state is not in the active TCI state list for PDSCH, the T/F tracking is needed even for known target TCI state. Then the enhancement would be if T/F tracking could be skipped when the target TCI is one of the TCI states for the previous PDCCH/PDSCH reception. For MAC-CE based TCI state switch for PDCCH reception, the requirements are specified for known and unknown case. For known case, T/F tracking is needed if target TCI state is not in the active TCI state list for PDSCH. For unknown case, T/F tracking is needed for CSI-RS based L1-RSRP when TCI state switching involves QCL-typeD and for both CSI-RS and SSB based L1-RSRP when TCI state switching involves other QCL types. 
For the case from dual TCI to single TCI state switch when the target TCI is one of the source TCIs, the T/F tracking should always be maintained by the UE. There is no need for T/F tracking during the switch period. It should be considered as known case and the T/F tracking can be skipped even if the target TCI is not in the active TCI state list for PDSCH.
Proposal 1: The switch delay can be reduced by skipping T/F tracking for the case from dual TCI to single TCI state switch when the target TCI is one of the source TCIs even if it is not in the active TCI state list for PDSCH.

2.2 MAC-CE based dual TCI states switch
Issue 2-3-1: MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition
	· For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition [where two MAC-CEs are received in one slot], the legacy delay requirements apply if following conditions are met.
· Target dual TCI states are in the active TCI state list; or 
· If target dual TCI states are NOT in the active TCI state list and [Tfirst_SSB] is longer than [125]us, where Tfirst_SSB is the shorter one between Tfirst-SSB1 and Tfirst_SSB2. 
· FFS if requirements should be defined for the case.
· Otherwise, [125] µs additional delay is considered


[bookmark: _Hlk140862985]It was agreed that for MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, different requirements are defined for different cases. For some cases additional delay is needed whereas it is not for other cases.
The additional 125us was considered to address delay mainly due to activation of multi-panels. Before switching to dual TCI states, maybe only one panel was activated. Then activation of another panel may have impact on the previously activated panel. Whether additional delay is needed also depends on T/F tracking. If T/F tracking based on SSB is needed for TCI state switch and Tfirst_SSB is longer than the time needed for panel activation, then no additional delay is not actually needed. UE could activate panels during the time for waiting for SSB. The Tfirst_SSB should be the shorter one between Tfirst-SSB1 and Tfirst_SSB2.
Since 125us is about 1 slot for 120kHz SCS, it is worthy of defining requirements for the case. Moreover, the time to first SSB transmission is typically longer than 1 slot. It means the additional delay can be reduced in most of the scenarios.  
Proposal 2: Requirement is defined that no additional delay is needed if target dual TCI states are NOT in the active TCI state list and [Tfirst_SSB] is longer than [125]us, where Tfirst_SSB is the shorter one between Tfirst-SSB1 and Tfirst_SSB2.

2.3 DCI based dual TCI states switch
Issue 2-2-1: DCI based dual TCI state switch for sDCI scenario 
	· DCI based dual TCI state switch for sDCI scenario 
· Reuse Rel-16 requirements as baseline
· FFS if additional delay is introduced on top of Rel-16 requirements


For DCI based dual TCI state witch for s-DCI scenario, whether additional delay needed for panel activation depends on if UE has activated the panels already. Similarly, if active TCI state list configured by MAC-CE includes at least one codepoint mapped to dual TCI states, then UE should track the dual TCI states by activation of two panels already. After dual TCI states are triggered by DCI, it can be considered that multi-TRP operation is started. In this case, there is no additional delay needed for TCI state switch. It should be typical use case that the dual TCI states triggered by single DCI are configured in the active TCI state list already. 
In addition, timeDurationForQCL is the time required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing, it would also include time for beam switch/panel activation. Thus, no UE capability is introduced to account for additional delay for s-DCI based dual TCI states switch.
Proposal 3: No additional delay on top of Rel-16 requirements is introduced for s-DCI based dual TCI states switch.

2.4 TCI state list update requirements 
How to derive active TCI state list update delay requirement was agreed in the last meeting. It is not decided whether to differentiate active TCI state list update for s-DCI and m-DCI scenarios.
Issue 2-6-1: Active TCI state list update Active TCI state list update delay requirement
	· For m-DCI case, 
	FFS: The existing requirement for active TCI state list update can be reused with the update that it is for each TRP.


Legacy requirements for active state list update are defined for activating one new TCI state. The new added TCI state can be used for scheduling after certain delay. When more than one new TCI states are added, it is not clear whether additional delay is needed. 
For MAC CE based PDCCH TCI state switch for m-DCI scenario, the legacy delay requirements apply for each TCI state switch. The same principle can be reused for active TCI state list update for m-DCI. It means the two new TCI states can be activated independently. 
Proposal 4: For m-DCI active TCI state list update, the existing requirement for active TCI state list update can be reused with the update that it is for each new TCI state being added.

3. Summary
[bookmark: _Hlk23953093]In this contribution, we provided views on dual TCI states switching requirements for NR FR2 multi-Rx chain DL reception. Following proposals are present.
Proposal 1: The switch delay can be reduced by skipping T/F tracking for the case from dual TCI to single TCI state switch when the target TCI is one of the source TCIs even if it is not in the active TCI state list for PDSCH.
Proposal 2: Requirement is defined that no additional delay is needed if target dual TCI states are NOT in the active TCI state list and [Tfirst_SSB] is longer than [125]us, where Tfirst_SSB is the shorter one between Tfirst-SSB1 and Tfirst_SSB2.
Proposal 3: No additional delay on top of Rel-16 requirements is introduced for s-DCI based dual TCI states switch.
Proposal 4: For m-DCI active TCI state list update, the existing requirement for active TCI state list update can be reused with the update that it is for each new TCI state being added.
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