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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#107 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
· Tfirst-SSB defined for the existing TCI state switch delay requirements can be reused for dual TCI switch in mTRP if the definition of Tfirst-SSB is redefined to account for two TDM’ed source SSBs in the QCL chains with two TRPs
· FFS which requirements, e.g., MAC-CE based, active TCI state list update, can be applied.
· [bookmark: _Hlk135950734]Tfirst-SSB1 is the first SSB for one TCI state of dual TCI states, and Tfirst-SSB2 is the first SSB for the other TCI state of dual TCI states after TCI state switch command.
· sDCI non-SFN without PDCCH repetition
· For MAC-CE based PDCCH TCI state switch for s-DCI scenario, legacy TCI state switching requirements apply for MAC-CE based PDCCH TCI indication method for PDCCH. 
· sDCI PDCCH repetition
· For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, the requirement is defined with the delay in current requirement [+ [250]us additional delay].
· Multi-DCI (mDCI) non-SFN
· For MAC-CE based PDCCH TCI state switch for m-DCI scenario, reusing legacy requirements for MAC-CE based PDCCH TCI state switch and it applies per TRP
· FFS if the two PDSCHs carrying the two MAC-CEs are in the same slot. If the two PDSCHs carrying the two MAC-CEs are in the same slot, consider [250]us additional delay.
· RRC based TCI state switch
· The requirements for multi-RX operation on RRC based PDCCH TCI state switch will be considered only if specifications support the procedure.
· FFS: The procedure can include TCI state switch to single TCI, or switch to Dual TCI.
· Known conditions 
· Dual TCI states are known if the
· dual TCI states are QCL-ed to reported beam pair (i.e., RS resources pair) within one group
· All the RSs in the QCL chain remain detectable
· The dual TCI states remains detectable during the TCI state switching period
· RSs configured for dual TCI states are reported in last [1280]ms
Note: FFS whether additional conditions are needed for tests.
· Active TCI state list update delay requirement
· Use following agreement to derive the equation for TCI state list update
· Tfirst-SSB defined for the existing TCI state switch delay requirements can be reused for dual TCI switch in mTRP if the definition of Tfirst-SSB is redefined to account for two TDM’ed source SSBs in the QCL chains with two TRPs
· Tfirst-SSB1 is the first SSB for one TCI state of dual TCI states, and Tfirst-SSB2 is the first SSB for the other TCI state of dual TCI states after TCI state switch command.


There were also other open issues of TCI state switching, which were also captured in the WF [1]. In this contribution, we further provide our views on TCI state switching requirements for FR2 multi-Rx chain DL reception.
2. Discussion
2.1 General
Issue 2-1-1: The TCI state reference signals reception for T/F tracking
	· The TCI state reference signals reception for T/F tracking
· Tfirst-SSB defined for the existing TCI state switch delay requirements can be reused for dual TCI switch in mTRP if the definition of Tfirst-SSB is redefined to account for two TDM’ed source SSBs in the QCL chains with two TRPs
· FFS which requirements, e.g., MAC-CE based, active TCI state list update, can be applied.
· Tfirst-SSB1 is the first SSB for one TCI state of dual TCI states, and Tfirst-SSB2 is the first SSB for the other TCI state of dual TCI states after TCI state switch command.


The TCI state reference signals reception for T/F tracking is also based on Tfirst-SSB defined for the existing TCI state switch delay requirements in mTRP with the update that Tfirst-SSB is redefined to account for two TDM’ed source SSBs in the QCL chains with two TRPs. In existing TCI state switch delay requirements, T/F tracking is needed for some cases in requirements for MAC-CE based TCI state switch delay, RRC based TCI state switch delay and active TCI state list update delay. In general, T/F tracking is also needed for some cases in these requirements.
[bookmark: _Hlk140569571]However, RRC based TCI state switch would not be supported for dual TCI states, which will be discussed further. Therefore, T/F tracking for dual TCI states switching is applicable for MAC-CE based TCI state switch delay and active TCI state list update.
Proposal 1: 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.

Issue 2-1-3: UE behaviour when TCI states are not supported 
	· Proposal 1: RAN4 to investigate the UE behaviour when it is not able to receive simultaneously on the dual TCI states.
· Proposal 2: It is proposed to discuss and decide UE behaviour in case the UE does not support the two configured target TCI states simultaneously.


In general, there could be failure of receiving configured dual TCI states due to, e.g., UE rotation, block on one direction, etc. Even for single TCI state, UE may not be able to receive the configured TCI state either due to UE rotation. UE needs time to confirm if the dual TCI states cannot be received simultaneously. It needs long discussions to determine if it is necessary and if UE behaviour of handling this is to be introduced. Since there is no corresponding procedure for failure detection and handling of single TCI state, there is no strong need for dual TCI states even though the probability of failure would be higher. It is up to NW implementation to handle the failure as for many other failures in data transmission.
Proposal 2: No UE behviour is defined when UE cannot receive dual TCI states simultaneously. It is up to NW implementation to handle the failure.

Issue 2-1-4: Other proposals for further discussion
	· For dual TCI to single TCI when the target TCI is one of the source TCI (e.g. [RS1,RS2] to [RS1]), there is no TCI switching delay 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, if 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 3: 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 and it is not in the active TCI state list for PDSCH.

2.2 MAC-CE based dual TCI states switch
Issue 2-3-1-2: sDCI PDCCH repetition
[bookmark: _Hlk140862985]It was agreed that for MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, the requirement is defined with the delay in current requirement [+ [250]us additional delay].
The additional 250us 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. However, it needs further discussion if panel activation time is always needed.
The target dual TCI states may already be configured in the active TCI state list. UE is required to track the TCI states in the active state list. Thus, the UE would already active two panels for tracking the TCI states in the active TCI state list. In this case, no additional delay is needed when MAC-CE triggers the TCI state switch. 
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 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.
In other cases, additional delay could be considered.
During offline discussion, there are views that additional delay would be needed for all cases. We are open to further discuss with more inputs.
Proposal 4: For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, the legacy delay requirements apply if target dual TCI states are in the active TCI state list or if Tfirst_SSB is longer than [250]us when T/F tracking is needed, where Tfirst_SSB is the shorter one between Tfirst-SSB1 and Tfirst_SSB2. Otherwise, [250]us additional delay is considered.

Issue 2-3-2: Multi-DCI (mDCI) non-SFN
	[bookmark: _Hlk140865783]For MAC-CE based PDCCH TCI state switch for m-DCI scenario, reusing legacy requirements for MAC-CE based PDCCH TCI state switch and it applies per TRP
· FFS if the two PDSCHs carrying the two MAC-CEs are in the same slot. If the two PDSCHs carrying the two MAC-CEs are in the same slot, consider [250]us additional delay.


The two MAC-CE configurations are independent. It may be configured in different slot by two TRPs. However, it means the UE could receive PDSCHs from the two TRPs already, regardless of whether the PDSCHs are in the same slot or not. No additional time is needed in this case.
On the other hand, the two MAC-CEs can also high likely be configured in one PDSCH form single TRP. In this case, the panel used for simultaneous reception may not be activated already. During offline discussions, companies agree to reusing legacy requirements for MAC-CE based PDCCH TCI state switch for all the cases for m-DCI.
Proposal 5: For MAC-CE based PDCCH TCI state switch for m-DCI scenario, reusing legacy requirements for MAC-CE based PDCCH TCI state switch and it applies per TRP.

2.3 DCI based dual TCI states switch
Issue 2-2-1: Single DCI based TCI state switch
	· [bookmark: _Hlk140919600]Option 1: Reuse Re-16 requirements for s-DCI based PDSCH TCI state switch. 
· Option 2: Re-16 delay requirements + additional [250]µs delay for s-DCI based PDSCH dual TCI state switch.


TCI states switching for PDSCH is triggered by DCI. For PDSCH with single-DCI, two TCI states are indicated by a TCI code point. Same threshold is used for the dual TCI states. 
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, it should be reasonable to reuse Rel-16 requirements for s-DCI based dual TCI states switch.
Proposal 6: Reuse Re-16 requirements for s-DCI based dual TCI states switch.

Issue 2-2-2: Multi DCI based TCI state switch 
	Issue 2-2-2-1: Two TCI state switching are independent provided the DCI for TCI switch is received
· Option 1: No constraint is needed on the reception of TCI switch command
· Option 2: When TCI switch commands are received in the same slot
· Option 3: When TCI switch commands are received at least timeDurationForQCL apart.
· Option 3a: For mDCI, for DCI based TCI state switching for simultaneous PDSCH reception, legacy TCI switching requirements can apply independently, provided that the time offset between the reception of the latter DCI among DCIs with different corsetPoolIndex scheduling simultaneous PDSCH reception to the earlier PDSCH shall be larger than timeDurationForQCL.
Issue 2-2-2-2: Two TCI state switching are independent, and their delay requirement is 
· Option 1: Reuse Re-16 requirements for s-DCI based PDSCH TCI state switch. 
· Option 2: Re-16 delay requirements + additional [250]µs delay for s-DCI based PDSCH dual TCI state switch.


For PDSCH with multiple-DCI, two TCI states are indicated by two TCI code points in two DCIs. It is considered as two independent DCI based TCI state switch. 
For m-DCI based multi-TRP operation, UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain subject to UE capability. There is no restriction on PDCCH transmission for the two DCIs indicating two TCI states from RAN1 perspective. NW should guarantee that the UE is scheduled correctly by considering dual TCI states information for simultaneous reception, including if two default TCI states can be received simultaneously or if the default TCI state for one TRP can also be received simultaneously with switched TCI state for another TRP.
At least for non-overlapped PDSCHs, there should be no restriction needed on the reception of two DCIs for indication dual TCI states. 
For fully/partially overlapped PDSCHs, as long as the dual TCI states, including both switched TCI states, or default TCI state and switched TCI state, or both default TCI states, are QCL-ed to reported beam pair in group-based beam reporting, it could be received simultaneously. Otherwise, it could be considered as error case.
It is not clear how UE would recognize that it operates in M-DCI based M-TRP. It may depend on whether different values of CORESETPoolIndex are configured. In this case, MAC CE already configures TCI states per TRP for the two CORESETPoolIndex which can indicate UE to active multi-panels. So, UE would activate multi-panels for PDCCH reception already. No additional delay is expected for two PDSCHs reception.
Proposal 7: No restriction is needed on the reception of two DCIs for indication of target dual TCI states. It is up to NW implementation to guarantee that the scheduled PDSCHs could be received by UE.
Proposal 8: Reuse Re-16 requirements for m-DCI based dual TCI states switch.

2.4 RRC based dual TCI states switch
It was agreed that the requirements for multi-RX operation on RRC based PDCCH TCI state switch will be considered only if specifications support the procedure. 
In legacy NR requirements, RRC triggered TCI state switch/configuration is for PDCCH reception. The requirements for RRC based TCI state switch delay apply when only 1 TCI state is configured in RRC TCI state list. In TS 38.213, procedures are specified for TCI states assumption for PDCCH reception for multi-TRP operation.
	For a CORESET other than a CORESET with index 0, if a UE is provided a single TCI state for a CORESET, or if the UE receives a MAC CE activation command for one or two of the provided TCI states for a CORESET, the UE assumes that the DM-RS antenna port associated with PDCCH receptions in the CORESET is quasi co-located with the one or more DL RS configured by the TCI states.


In addition, a TCI state configured by RRC can be linked to a CORESETPoolIndex. Thus, it would be feasible for UE to know the only TCI state configured by RRC can be used for reception from which TRP.
Since the RRC configured TCI is used for different TRP respectively in multi-DCI multi-TRP operation, the RRC based TCI state switch delay requirements are defined per TRP. It is reasonable to reuse existing requirements. Clarification on multi-DCI multi-TRP operation could be added in the requirements to extend the applicability scenario.
Proposal 9: Existing RRC based TCI state switch delay requirements are reused with additional clarification that it applies to multi-DCI multi-TRP scenario.

2.5 Known/unknown condition
Issue 2-5-1: Requirements to be considered 
	· Proposal 1: For MAC-CE based TCI state switch delay, define requirements also for unknown target TCI state
· Proposal 2: RAN4 to not define MAC CE based dual TCI state switch delay requirements for unknown TCI state
· If RRC requirements are defined, consider only known case


The legacy MAC-CE based TCI state switch delay requirements are specified for both known and unknown cases. For known cases, one SSB is needed for timing/frequency tracking if the target TCI state is not within the active TCI state list.
Since the target dual TCI states is for simultaneous PDCCH/PDSCH reception, it should be based on group-based beam reporting. Therefore, both the dual TCI states should be either known or unknown. It should be typical use case that both the dual TCI states are known. For unknown case, it may also be considered for the use case that dual TCI states are triggered by MAC-CE later than, e.g., 1280ms, after group-based beam reporting. In this case, beam pair information is still known to NW. NW may still configure the UE to use this beam pair for simultaneous PDCCH/PDSCH reception.
Proposal 10: Requirements for MAC-CE based dual TCI states switch delay for PDCCH reception are also defined for unknown + unknown case.

2.6 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
	FFS: Not to differentiate Active TCI state list update for s-DCI and m-DCI scenarios.


For s-DCI based multi-TRP, dual TCI states are expected to be updated to the active TCI state list. It should follow new requirements to be defined for active TCI states list update of dual TCI states.
For m-DCI based multi-TRP, single TCI state is expected to be updated to the active TCI state list for each TRP respectively. Legacy requirements for active state list update should be followed.
Proposal 11: New requirements for active TCI state list update are only applicable for s-DCI based multi-TRP scenario.

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: 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.
Proposal 2: No UE behviour is defined when UE cannot receive dual TCI states simultaneously. It is up to NW implementation to handle the failure.
Proposal 3: 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 and it is not in the active TCI state list for PDSCH.
Proposal 4: For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, the legacy delay requirements apply if target dual TCI states are in the active TCI state list or if Tfirst_SSB is longer than [250]us when T/F tracking is needed, where Tfirst_SSB is the shorter one between Tfirst-SSB1 and Tfirst_SSB2. Otherwise, [250]us additional delay is considered.
Proposal 5: For MAC-CE based PDCCH TCI state switch for m-DCI scenario, reusing legacy requirements for MAC-CE based PDCCH TCI state switch and it applies per TRP.
Proposal 6: Reuse Re-16 requirements for s-DCI based dual TCI states switch.
Proposal 7: No restriction is needed on the reception of two DCIs for indication of target dual TCI states. It is up to NW implementation to guarantee that the scheduled PDSCHs could be received by UE.
Proposal 8: Reuse Re-16 requirements for m-DCI based dual TCI states switch.
Proposal 9: Existing RRC based TCI state switch delay requirements are reused with additional clarification that it applies to multi-DCI multi-TRP scenario.
Proposal 10: Requirements for MAC-CE based dual TCI states switch delay for PDCCH reception are also defined for unknown + unknown case.
Proposal 11: New requirements for active TCI state list update are only applicable for s-DCI based multi-TRP scenario.

4. References
[1] R4-2310047	WF on NR FR2 multi-Rx chain DL reception RRM requirements (part 2), Ericsson

 5 / 8

