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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
As part of defining the TCI state switching delay requirements for dual TCI states, following is agreed in last meeting. 

· Investigate and if needed specify requirements for the following TCI state switching scenarios
· single TCI to dual TCI
· dual TCI to dual TCI
· dual TCI to single TCI
· TCI Switch triggering method:
· [bookmark: _Hlk131241320]MAC-CE based dual TCI state switch for PDCCH reception
· DCI based dual TCI state switch for PDCSH reception
· FFS RRC triggered TCI state configuration.

In this contribution, we provide our views on the delay requirements for the above agreed scenarios.  
Discussion
TCI switch triggering methods
In last meeting it was agreed to define MAC-CE based dual TCI state switch for PDCCH reception and DCI based dual TCI state switch for PDCSH reception. It was FFS whether to define RRC triggered TCI state activation. In general, RRC based TCI state activation is defined when only one TCI state is configured by the RRC configuration. However, as part of this WI, RAN4 supposed to define dual TCI state switching requirements and to define dual TCI state switching, at least two TCI states should be configured. When at least two TCI states are configured, with the exiting signalling mechanism, we think RRC based TCI state switching is not applicable. 
Proposal 1:  RAN4 to agree that, with the existing signalling mechanism, RRC based dual TCI state switching is not possible.
Known and unknown conditions
When simultaneous multi-RX is enabled based on group-based beam reporting, the dual TCI states that are going to be activated can be either both known or both unknown. Unless UE has sent periodic group based L1-RSRP report, NW do not know which TCI states UE can receive simultaneously. Since the beams the UE can receive simultaneously can change from time to time, without receiving a group-based reporting, NW may not be able to schedule a dual TCI state switch based on old group-based report. That means dual TCI state switching can be only supported for known TCI state switch. 
Proposal 2:  For dual TCI state switching, both TCI states can be known or both TCI states can be unknown. RAN4 to define all active TCI state switching related requirements for the known case only (both are known).
Dual TCI switching delay requirements 
Based on proposal 1 and proposal 2, we think RAN4 should define known TCI state switching requirements for MAC CE based dual TCI state and DCI based dual TCI state switching. 
In last meeting it was agreed to define requirements for simultaneous reception by considering group based reporting as a prerequisite. Further it was agreed to define requirements for sDCI and mDCI. From the Dual TCI state switch requirements perspective, sDCI means TCI state switch request is sent using a single DCI or single MAC CE and mDCI means TCI state switch request is sent through two DCI or two MAC CE.
TCI state switch delay requirement consists of processing time of TCI state switch command and TCI state switch delay for applying QCL assumption and acquiring fine timing.
Dual TCI state switch delay = TCI state switch command processing time + TCI state switch delay time (QCL acquisition and/or fine timing acquisition delay)
In our understanding for both sDCI and mDCI, we think the processing for single and dual DCI/MAC CE shall have the same processing delay. 
Proposal 3:   Processing delay for single or dual DCI/MAC CE is the same as legacy, but some clarification in the specification is necessary.
For known DCI based dual TCI state switch, since the TCI states are indicated from the active TCI state list, TCI state switching requirements shall be same as legacy single TCI state switch. 
Proposal 4:  RAN4 to reuse the legacy requirements for DCI based dual TCI state switch for PDSCH reception
For known MAC CE based dual TCI state switch, since dual MAC CE should not take extra processing delay and the TCI states are known, we think legacy requirements can be reused, but some clarification in the specification is necessary.
Proposal 5:  RAN4 to reuse the legacy requirements for MAC-CE based dual TCI state switch for PDCCH reception, but some clarification in the specification is necessary

UE behaviour when simultaneous reception fails/not possible
When UE is indicated to switch to dual TCI states and if the indicated TCI states are not supported any longer for dual TCI state switch reception, UE behaviour should be specified to avoid degradation in overall performance. In the next section we discuss about UE behaviour when simultaneous reception fails or not possible.
UE may be simultaneously receiving on both TCI states and may be due to some reason, e.g., UE rotation or change of location or something else, the UE may not be able to receive them. In these scenarios it may be useful to define a failure handling mechanism. As per our understanding RAN1 did not define any behaviour to handle this scenario and it may be essential to define this behaviour otherwise different NW may handle this differently and that impact total NW performance. 
Proposal 6:  RAN4 to investigate the UE behaviour when it is not able to receive simultaneously on the dual TCI states.
Active TCI state change requirements
Active TCI state list can contain list of TCI states which may include single TCI or Dual TCI mapped to a code point and based on the code point indicated, UE can be switched from single TCI state to dual TCI state or from dual to single TCI state. An example of the active TCI state list is shown in below table. 
	Code point 0
	Code point 1
	Code point 2
	Code point 3
	Code point 4
	Code point 5
	Code point 6
	Code point 7

	TCI 1
	TCI 1
	TCI 2
	TCI 2
	TCI 4
	TCI 5
	TCI 6
	TCI 6

	TCI 2
	
	TCI 3
	
	TCI 5
	
	TCI 7
	


 
We think the main difference between legacy and this new TCI state list which contain dual TCI states is that UE may need to acquire tracking information for the two TCI states related to both the TCI states. If the same RS occasion is available for acquiring timing information of both of the TCI states, then legacy requirements could be reused. If the RS occasions are different, then new set of requirements may need to be defined.
Proposal 7:  Reuse the legacy requirements for the scenario when the RS occasions fully overlap. FFS for the case when the RS occasions are partially overlap. 
When NW need to replace a TCI state list, legacy TCI state list procedure can be used, and we think same set of requirements can be applied. 

Proposal 8:  For switching/replacing of one of the two active TCI states, the existing requirements can be reused, but some clarification in the specification is necessary.

Summary
The following have been observed and proposed in this contribution.
Proposal 1:  RAN4 to agree that, with the existing signalling mechanism, RRC based dual TCI state switching is not possible.
Proposal 2:  For dual TCI state switching, both TCI states can be known or both TCI states can be unknown. RAN4 to define all active TCI state switching related requirements for the known case only (both are known).
Proposal 3:  Processing delay for single or dual DCI/MAC CE is the same as legacy, but some clarification in the specification is necessary.
Proposal 4:  RAN4 to reuse the legacy requirements for DCI based dual TCI state switch for PDSCH reception.
Proposal 5:  RAN4 to reuse the legacy requirements for MAC-CE based dual TCI state switch for PDCCH reception, but some clarification in the specification is necessary.
Proposal 6:  RAN4 to investigate the UE behaviour when it is not able to receive simultaneously on the dual TCI states.
Proposal 7:  Reuse the legacy requirements for the scenario when the RS occasions fully overlap. FFS for the case when the RS occasions are partially overlap.
Proposal 8:  For switching/replacing of one of the two active TCI states, the existing requirements can be reused, but some clarification in the specification is necessary.
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