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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
General principles
Issue 2-1-4: Other proposals for further discussion
FFS
· 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

We agree with the proposal above as there is no change of TCI switch delay. In worst case UE would need to turn off the panel and that may take less than 10µs. 
Proposal 1:  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

DCI based TCI state switch
Single DCI based TCI state switch:
In last meeting following options are FFS. 
FFS: 
· 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.
In legacy releases DCI based TCI state activation is supported only for known cases because DCI state activation has to be fast, and the data is scheduled in the same slot as the DCI. For the DCI based TCI state switch to be fast, NW needs to indicate the TCI state to be switched in the active TCI state list so that the switch can be faster. When the dual TCI states are indicated in the active TCI state list, UE need to track the time and frequency sync and spatial parameters. Since UE do not know when NW can indicate or ask UE to switch to which TCI state, we think UE should be ready with all the panels activated or powered on. From this perspective we think UE dual TCI state switch can reuse the Re-16 requirements for s-DCI based PDSCH TCI state switch.  
Proposal 2:  RAN4 to reuse Re-16 requirements for s-DCI based PDSCH TCI state switch for Single DCI based TCI state switch.

Multi DCI based TCI state switch: 
Two TCI state switching are independent provided the DCI for TCI switch is received. 
FFS:
· 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.

In mDCI scenario, schedulers are independent, and it is not always possible to coordinate at slot level scheduling. When the coordination is not possible, NW do not know if the UE is going to switch as per the single TCI state switch requirement or it may need extra time to start switching the other TCI state switch. Since the TCI states are in the active TCI state list we do not see a problem for UE to apply TCI state switch independently. 
Proposal 3:  For mDCI based dual TCI state switch, Rel-16 TCI state switch requirements can be applied independently irrespective of TCI state switch command reception time.

MAC CE based TCI state switch
sDCI PDCCH repetition
Agreements:
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].
In last meeting whether any additional delay is needed for s-DCI PDCCH repetition is FFS. If we understand the concern from UE vendors correctly, the problem may exist if the SSB for fine time tracking arrives before UE had time to switch both the panels. As per our understanding if the UE panel is OFF, it may need additional time for following aspects. 
· Shutdown of RF chains on one panel or both panels
· Preparing the next panels to be activated 
· Ramp up the power for both panels 
· Switch on the both panels
Based on different UE implementation we expect this can be several orders of 10s of µs. We think it can take anywhere around 50 to 100 µs.  To allow different kind of UE implementations we think additional time of 100µs may be reasonable. 
However, this additional time may not be always needed for UE. 
If the MAC CE is received at time t1, UE completes MAC CE processing within t1+3ms, and UE would need to wait for SSB sample to acquire the fine timing. If the SSB is received with in t1+3ms+100µs, then UE would not have time to switch its panels. In all other cases, UE would have sufficient time to perform the panel switch as the time to SSB is larger than the panel switch time.
Proposal 4:  For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, the requirement is defined as legacy MAC CE based TCI state switch delay + 100µs additional delay if time to first SSB ( Tfirst_SSB ) is shorter than 100µs from MAC CE processing completion. 
 

Multi-DCI (mDCI) non-SFN
In last meeting following WF is agreed.
Agreements:
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.

In this scenario, UE may receive two independent MAC CE command indicating TWI state switch for different CORESETPoolIndex. We think TCI state switch for each PDCCH state switch is independent and if the UE receive SSB within short time (100µs) after processing the MAC CE command, additional 100µs delay may be allowed.  

Proposal 5:  For MAC-CE based PDCCH TCI state switch for m-DCI multi-TRP scenario,
· the legacy delay requirements apply
· if Tfirst_SSB is longer than 100us from MAC CE processing completion  
· Otherwise, 100µs additional delay is considered

RRC based TCI state switch
Agreements:
· 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.

In last meeting 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 6:  RAN4 to agree that, with the existing signalling mechanism, RRC based dual TCI state switching is not possible.
However, for dual to single TCI state switch, NW can perform RRC reconfiguration and may only configure with single TCI state. When RRC reconfiguration is received with single TCI state, existing requirements are applicable, and we do not need to define new requirements. 
Proposal 7:  Dual to single TCI state switching using RRC is already covered by legacy requirements.
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 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. 
In last meeting following is agreed.
· 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
Even for MAC CE based PDCCH reception, we think unknown case is not practical for dual TCI state switching based on group-based reporting. 
Proposal 8:  Requirements for MAC CE based dual TCI states switch delay for PDCCH reception are defined for known case only.

Active TCI state list update
In last meeting following is agreed.
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.
Based on the above agreements we propose following delay equation for the TCI state list update. 
If the target TCI state is known, upon receiving PDSCH carrying the MAC-CE active TCI state list update at slot n, UE shall be able to receive PDCCH to schedule PDSCH with the new target TCI state at the first slot that is after n+ THARQ + +TOk*(max (Tfirst-SSB1, Tfirst-SSB2)  + TSSB-proc) / NR slot length. Where THARQ, TSSB-proc and TOk are defined in clause 8.10.3.
Tfirst-SSB1, is the first SSB for one TCI state of dual TCI states
Tfirst-SSB2, is the first SSB for another TCI state of dual TCI states
Proposal 9:  If the target TCI state is known, upon receiving PDSCH carrying the MAC-CE active TCI state list update at slot n, UE shall be able to receive PDCCH to schedule PDSCH with the new target TCI state at the first slot that is after n+ THARQ + +TOk*(max (Tfirst-SSB1, Tfirst-SSB2)  + TSSB-proc) / NR slot length. Where THARQ, TSSB-proc and TOk are defined in clause 8.10.3.
· Tfirst-SSB1, is the first SSB for one TCI state of dual TCI states
· Tfirst-SSB2, is the first SSB for another TCI state of dual TCI states


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 10:  RAN4 to investigate the UE behaviour when it is not able to receive simultaneously on the dual TCI states.

Summary
The following have been observed and proposed in this contribution.
Proposal 1:  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
Proposal 2:  RAN4 to reuse Re-16 requirements for s-DCI based PDSCH TCI state switch for Single DCI based TCI state switch.
Proposal 3:  For mDCI based dual TCI state switch, Rel-16 TCI state switch requirements can be applied independently irrespective of TCI state switch command reception time.
Proposal 4:  For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, the requirement is defined as legacy MAC CE based TCI state switch delay + 100µs additional delay if time to first SSB ( Tfirst_SSB ) is shorter than 100µs from MAC CE processing completion. 

Proposal 5:  For MAC-CE based PDCCH TCI state switch for m-DCI multi-TRP scenario,
· the legacy delay requirements apply
· if Tfirst_SSB is longer than 100us from MAC CE processing completion  
· Otherwise, 100µs additional delay is considered
Proposal 6:  RAN4 to agree that, with the existing signalling mechanism, RRC based dual TCI state switching is not possible.
Proposal 7:  Dual to single TCI state switching using RRC is already covered by legacy requirements.
Proposal 8:  Requirements for MAC CE based dual TCI states switch delay for PDCCH reception are defined for known case only.
Proposal 9:  If the target TCI state is known, upon receiving PDSCH carrying the MAC-CE active TCI state list update at slot n, UE shall be able to receive PDCCH to schedule PDSCH with the new target TCI state at the first slot that is after n+ THARQ + +TOk*(max (Tfirst-SSB1, Tfirst-SSB2)  + TSSB-proc) / NR slot length. Where THARQ, TSSB-proc and TOk are defined in clause 8.10.3.
· Tfirst-SSB1, is the first SSB for one TCI state of dual TCI states
· Tfirst-SSB2, is the first SSB for another TCI state of dual TCI states

Proposal 10:  RAN4 to investigate the UE behaviour when it is not able to receive simultaneously on the dual TCI states.
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