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[bookmark: _Toc116995841]Introduction
RAN4 agreed two CRs to cover TCI state switching delay requirements for dual TCI state switching in the RAN4#108 meeting in [1] and [2]. The CRs cover the requirements for DCI and MAC-CE based TCI state switch and active TCI state list update for s-DCI and m-DCI scenarios. RRC based TCI state switch as well as some details of DCI and MAC-CE based TCI state switch were left open and are depending on RAN1 input on RAN4 LS that was sent in [3]. Furthermore, some aspects were still left FFS in the RAN4#108 WF for Part 2 of the NR_FR2_multiRxDL WI in [4].
In this contribution, we discuss the remaining details of TCI state switching in multi-Rx operation regarding the scenarios that are not depending on RAN1 LS response.
DCI based TCI state switching
In RAN4#108 meeting, the following FFS points were captured regarding DCI based TCI state switch:
	Issue 2-1-3: 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.  
· 
Issue 2-2-1: DCI based dual TCI state switch for sDCI scenario 
Agreement
· Reuse Rel-16 requirements as baseline
· FFS if additional delay is introduced on top of Rel-16 requirements

Issue 2-2-2-3: Other proposals for DCI based dual TCI state switch in mDCI
· Proposals:
· Proposal 1: In a m-DCI scenario, for DCI based TCI state switching, when UE is indicated a TCI via DCI per TRP, delay requirements can be applied independently per DCI and in case the UE cannot receive simultaneously in the time interval between the first TCI switch and the second TCI state switch, UE is expected to receive in a TDM manner during this interval.
· Proposal2: In mDCI scenario, TCI switching with one CORESETpoolindex does not cause interruptions on TCI states with another CORESETpoolindex. 
· Recommended WF
· Companies may bring further analysis to next meeting.





Single-DCI
It has been agreed in RAN4 #106-bis-e that GBBR is a prerequisite to enable simultaneous transmission. In such a scenario, when the UE switches from dual to single TCI and the target TCI is also the source TCI, there is no need for a TCI switching delay.
[bookmark: _Toc146740400]During a dual to single TCI state switch, if the target TCI state is also one of the source TCI states, then TCI switching delay will not apply when GBBR is enabled.
In DCI based TCI state switch, RAN1 specifications indicate that the UE shall be ready to receive the PDSCH with the TCI state indicated by the DCI when the time offset between the reception of the downlink DCI and the corresponding PDSCH is greater than or equal to timeDurationForQCL. The timeDurationForQCL parameter is a UE capability and it is defined in the RAN1 specification (38.214) and the values are defined in RAN2 specification (38.331). The requirements in 38.214 do not distinguish between the number of TCI states that are indicated by the DCI (one or two) i.e. the delay is the same regardless of the number of TCI states that are indicated. Hence, legacy delay may be used for s-DCI and additional delay as proposed by some companies in the previous RAN4 meetings is not needed. Furthermore, we do not see the need to add a new UE capability or any other dynamic indication from the UE indicating need for additional time which would result in signaling overheads and would complicate the feature further. 
[bookmark: _Toc146740401]For single-DCI scenario, RAN4 to reuse Rel-16 requirements for DCI based TCI switching for PDSCH, and no additional delay is considered.
[bookmark: _Ref145075017]Multi-DCI
RAN4 has sent LS to RAN1 requesting for inputs on the RAN1 agreements on need for an offset during m-DCI TCI state switch. Based on the RAN1 input, RAN4 can further decide if the TCI state switch in m-TRP m-DCI scenario can be processed independently or with an offset. 
Additionally, RAN4 should also clarify the UE behavior when defining the TCI state switch delay requirements in m-DCI.
In m-DCI scenario, the DCI switching is performed independently by coresetPoolIndex. In this situation it is expected that the UE has the hardware capability of performing the switching for 1 TRP without any impact, like interruptions, in the other TRP. For example, as illustrated in Figure 3, UE may be using TCI#0 and TCI#1 for simultaneous reception. After the switch, it can receive TCI#2 and TCI#1 simultaneously from TRP#1 and TRP#2 respectively. In such case, only TCI#2 needs to be switched and not TCI#1. Hence while switching TCI#0 to TCI#2 associated to TRP#1, there should be no interruption in reception of TCI#1 from TRP#2. Therefore, it is needed to clarify in specifications that the independence between TRPs is assumed and that no interruption is caused in the ongoing communication of one TRP due to beam switch in another TRP. 
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[bookmark: _Ref145058131]Figure 3 Example of mDCI operation, with TCI command on TRP1 while TCI state in TRP2 is unchanged.

[bookmark: _Toc146740402]In mDCI scenario, TCI switching with one CORESETpoolindex does not cause interruptions on TCI states with another CORESETpoolindex. 

MAC-CE based TCI state switching
In RAN4#107 meeting, the following agreements were reached regarding MAC-CE based TCI state switch:
	Issue 2-3-1: MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition
Agreement:
· 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




In single-DCI PDCCH repetition scenario, since the UE receives two MAC-CEs indicating the TCI state for each PDCCH, the legacy requirements for MAC-CE based TCI state switch for PDCCH apply. It has been proposed to add an additional delay of 125µs for the s-DCI PDCCH repetition scenario. However, we do not see the justification to add this delay since the UE can receive and process them independently. 
[bookmark: _Toc146740403]In s-DCI PDCCH repetition, legacy requirements for MAC-CE based TCI state switch for PDCCH apply per TRP without any additional delay.


Active TCI state list update
In RAN4#108 meeting, the following was agreed about active TCI state list update:
	Issue 2-6-1: Active TCI state list update Active TCI state list update delay requirement
Agreement:
· 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.

Other proposals:
· Proposal 1: Tfirst-SSB is not included in the active TCI state list update delay for a target TCI state that is already in the active TCI state list.
· Proposal 2: If the reference signals of the TCI states received in the MAC-CE for TCI state activation has QCL relation with the reference signal of the TCI state which is already a part of the active TCI state, the UE can skip synchronization for that TCI state
· Recommended WF
· Companies may bring further analysis to next meeting.  




A MAC-CE command is used to update the active TCI state list both for s-DCI as well as m-DCI. In case of s-DCI, the UE can have up to 8 codepoints with combinations of one or two TCI states whereas in case of m-DCI the UE will have two separate codepoint tables with up to 8 TCI states each.
For multi-DCI scenario, separate active TCI state lists are maintained for each TRP. Therefore, TCI state list contains only single TCI states and dual TCI states do not need to be considered. Hence, active TCI state update to dual TCI states does not apply to multi-DCI scenario.
[bookmark: _Toc146740404]In a multi-DCI scenario, active TCI state list update to dual TCI states is not considered when the MAC-CE contains more than 1 TCI state.
It was commented in RAN4#108 that there can be a scenario where the MAC-CE for TCI activation has only one TCI state. In this case, the TCI can be used for PDSCH without a DCI indication. In such scenarios, like in DCI based TCI state switching (2), if the TCI states cannot be received simultaneously, the UE can receive in a TDM manner during the interim period when the individual TCI state switches are being executed.
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[bookmark: _Toc146740405]During active TCI state list update, in a m-DCI scenario, if the MAC-CE contains only one TCI state, delay requirements can be applied independently per DCI and in case the UE cannot receive simultaneously in the time interval between the first TCI switch and the second TCI state switch, UE is expected to receive in a TDM manner during this interval.
The existing active TCI state list update delay requirements consider the time to the first SSB transmission after MAC-CE command is decoded by the UE (Tfirst-SSB). 
As in the legacy requirement, in case of m-TRP active TCI state list update delay requirements, the Tfirst-SSB for each TCI state should only be taken into account if the corresponding target TCI state is not already in the current active TCI state list.
Furthermore, in cases where the target TCI state is not a part of the active TCI state list, if the reference signals of the TCI states received in the MAC-CE command for TCI activation have a QCL relation with the reference signal of the TCI states already present in the active TCI state list, then there is no further need for synchronization for that TCI state.
[bookmark: _Toc146740406]If the reference signals of the TCI states received in the MAC-CE for TCI state activation has QCL relation with the reference signal of the TCI state which is already a part of the active TCI state list, the UE can skip synchronization with the first SSB for that TCI state.

[bookmark: _Toc116995848]Conclusion
In this contribution we have made the following observations and proposals:
Proposal 1: During a dual to single TCI state switch, if the target TCI state is also one of the source TCI states, then TCI switching delay will not apply when GBBR is enabled.
Proposal 2: For single-DCI scenario, RAN4 to reuse Rel-16 requirements for DCI based TCI switching for PDSCH, and no additional delay is considered.
Proposal 3: In mDCI scenario, TCI switching with one CORESETpoolindex does not cause interruptions on TCI states with another CORESETpoolindex.
Proposal 4: In s-DCI PDCCH repetition, legacy requirements for MAC-CE based TCI state switch for PDCCH apply per TRP without any additional delay.
Observation 1: In a multi-DCI scenario, active TCI state list update to dual TCI states is not considered when the MAC-CE contains more than 1 TCI state.
Proposal 5: During active TCI state list update, in a m-DCI scenario, if the MAC-CE contains only one TCI state, delay requirements can be applied independently per DCI and in case the UE cannot receive simultaneously in the time interval between the first TCI switch and the second TCI state switch, UE is expected to receive in a TDM manner during this interval.
Proposal 6: If the reference signals of the TCI states received in the MAC-CE for TCI state activation has QCL relation with the reference signal of the TCI state which is already a part of the active TCI state list, the UE can skip synchronization with the first SSB for that TCI state.
[bookmark: _Toc116995849]
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