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1. Introduction
During the RAN4#106-bis-e meeting the TCI state switching delay requirement has been discussed and the agreements are captured in the WF [1]. In this paper, we give further discussion on the requirements.
2. Discussion
The agreement of the WF [1] is captured as below:
Issue 2-1-5: Other issues or proposals for further discussion
Agreements: RAN4 not to discuss TCI state switching requirements for following cases in this WI
· Dual TCI switching in SFN
· FFS: PDCCH with repetition.
Issue 2-2-1: Single DCI based TCI state switch 
Way forward: Please bring further analysis to next meeting.
Issue 2-2-2: Multi DCI based TCI state switch 
Way forward: Please bring further analysis to next meeting.
Issue 2-3-1: Single DCI based dual TCI state switching in non-SFN using MAC CE
Way forward: Please bring further analysis to next meeting.
Issue 2-3-2: Multi-DCI based dual TCI state switching in non-SFN using MAC CE
Way forward: Please bring further analysis to next meeting.
Issue 2-3-3: Single DCI SFN (if it is agreed to discuss in multi-RX WI)
· Agreement: No discussion in this WI.
Issue 2-3-4: Multi-DCI SFN (if it is agreed to discuss in multi-RX WI)
· Agreement: No discussion in this WI.
Issue 2-4-1: Whether to define requirements for RRC based TCI state switch
Way forward: Please bring further analysis to next meeting. 


Based on the agreement as dual TCI switching in SFN will not be discussed and hence the single DCI SFN and multi-DCI SFN will not be discussed as listed above. For other cases of DCI based TCI state switching, MAC CE based switching and RRC based switching, there is still no agreement yet.
Firstly, for the DCI based dual TCI state switch for PDCSH reception, for single-DCI, only one PDCCH will be received by the UE and correspondingly two TCI states will be received. Currently the DCI based TCI state switching is using the timeDurationForQCL to define such requirement. The timeDurationForQCL is a per feature set UE capability and it counts the OFDM symbols from the end of the last symbol of the PDCCH reception to the start of the first symbol of the PDSCH reception.
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Observation 1: The timeDurationForQCL counts the OFDM symbols from the end of the last symbol of the PDCCH reception to the start of the first symbol of the PDSCH reception. 
From this perspective, as currently for s-DCI scenario, only one PDCCH is transmitted to one TRP and such IE corresponds to the specific TRP who receive PDCCH and corresponding PDSCH. As the single-TRP mechanism is transmitting the one PDSCH separately to different TRPs and hence this time duration between PDCCH to PDSCH will be the same for two TRPs.
Observation 2: For single TRP, the time duration between PDCCH to PDSCH will be the same for two TRPs.
This means the same timeDurationForQCL should apply when the PDCCH is received by UE and hence the legacy DCI based TCI state switching requirement apply.
Proposal 1: For DCI-based TCI state switching delay, the legacy DCI based requirement apply for single-DCI.
For m-DCI, each TRP transmits its own PDCCH and PDSCH. In this case, the legacy requirement apply for each TCI state switching for each TRP.
Proposal 2: For DCI-based TCI state switching delay, the legacy requirement apply for each TCI state switching for each TRP for m-DCI.
For the MAC-CE based TCI state switching delay requirement, based on the WF agreement, the SFN cases will not be considered in this release. This means only non-SFN will be considered. In this case the switching scenario is quite simple as can be listed as below:
1. Single TCI to Dual TCI PDCCH non-SFN
2. Dual TCI PDCCH non-SFN to Dual TCI PDCCH non-SFN
3. Dual TCI PDCCH non-SFN to single TCI
For the 1st scenario, the single TCI switching to Dual TCI PDCCH non-SFN, this only apply to multiple PDCCH scenario and hence for each PDCCH TCI state switching, the requirement will be the same for single TCI state switching.
For the 2nd scenario, it is similar to the 1st scenario that two PDCCH switch to two PDCCH and one for each respectively. Still the single TCI state switching requirement can apply.
For the 3rd scenario, it is quite similar to the 1st scenario and hence the single TCI state switching requirement can apply. 
Proposal 3: For MAC CE based TCI state switching, legacy single TCI state switching requirement apply per each switching.
For RRC triggered TCI state configuration, currently the RRC triggered TCI state is used for only one TCI state is configured in the RRC and the only applicable scenario will be the switch from dual TCI to single TCI (RRC triggered). This has been argued as corner case, while from our understanding, the requirement is quite straight forward that the legacy RRC based TCI state switching requirement can apply.
Observation 3: The RRC triggered TCI state switching scenario can be the switch from dual TCI to single TCI (RRC triggered).
Proposal 4: The legacy RRC based TCI state switching requirement can apply for above case.
For the switching known conditions, the WF [1] is captured as below:
Issue 2-1-1: General conditions  
Agreements: 
RAN4 to define TCI state switch delay requirements only for the case where to-be-activated/switched TCI state upon the TCI switch command(s) reception includes two different QCL-TypeD reference resources and the reference resources of the two TCI states are included in the group-based L1-RSRP measurement report.
· Note: This is one of the condition and other conditions are not precluded
· Note: Only for single TCI to dual TCI and dual TCI to dual TCI.
Issue 2-5-1: Requirements to be consider 
Agreements:
· Requirements for DCI based dual TCI states switch delay for PDSCH reception are defined for known case only. 
· Requirements for MAC CE based dual TCI states switch delay for PDCCH reception are defined for known case. FFS if it is to be limited to known case only.
Issue 2-5-2: Definition of known condition:
Way forward: 
GBBR is agreed as prerequisite to enable simultaneous reception. Does that mean dual TCI states are configured based on beams reported in GBBR or can other RS which are QCLed to beams reported in GBBR can be configured. Please consider following to provide your further analysis.  
· Option 1: dual TCI states are only configured based on beams reported in GBBR.
· Option2: dual TCI states which are QCLed to beam pair reported in GBBR can be configured 



Based on the agreements, the TCI state switching delay requirement is only defined with reference resources of the two TCI states are included in the group-based L1-RSRP measurement report. This has already indicated that only the known TCI state switching will be included.
Proposal 5: Only known case will be defined for MAC CE based and RRC based TCI state switching requirement.
3	Conclusions
In this paper, we give further discussion on TCI state switching delay, the observations and proposals are captured as below:
Observation 1: The timeDurationForQCL counts the OFDM symbols from the end of the last symbol of the PDCCH reception to the start of the first symbol of the PDSCH reception. 
Proposal 1: For DCI-based TCI state switching delay, the legacy DCI based requirement apply for single-DCI.
Proposal 2: For DCI-based TCI state switching delay, the legacy requirement apply for each TCI state switching for each TRP for m-DCI.
Proposal 3: For MAC CE based TCI state switching, legacy single TCI state switching requirement apply per each switching.
Proposal 4: The legacy RRC based TCI state switching requirement can apply for above case.
Proposal 5: Only known case will be defined for MAC CE based and RRC based TCI state switching requirement.
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