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1 Introduction
In this meeting, we will provide our view regarding to the unified TCI state for DL and UL, some open issues in WF[1] in last meeting are as follows:
	· MAC-CE based UL TCI switching delay in separate TCI mode for serving cell
· PL-RS switching delay requirement for unified TCI 
· MAC-CE based DL/UL TCI switching delay for cell with different PCI
· Common TCI switching delay for CA case


2 Discussion
2.1 MAC-CE based UL TCI switching delay in separate TCI mode for serving cell

	· Switching delay requirements for unified TCI associated with SC
· For TCI known case, the MAC CE based uplink TCI switching delay requirement is specified as 
THARQ + 3ms + NM*(Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)
Where
NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise 
· For TCI unknow case, MAC CE based uplink TCI switching delay requirement is specified as 
THARQ + 3ms + TL1-RSRP + (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms) 



In last meeting, the above agreements are achieved for beam alignment case. For beam alignment assumption for PL-RS, we want to clarify that it will apply for the scenario that PL-RS is included in UL TCI state or PL-RS and UL TCI state switch are activated in the same MAC CE command. If PL-RS and UL TCI are not activated simultaneously, there is no beam alignment limitation for PL-RS since we only need to consider the delay of UL TCI state switch and don’t need to consider the impact from PL-RS. Then legacy requirement can be re-used. 
The whole CR structure for UL TCI state switch is as follows:
· Case 1&& 2:  The impact from PL-RS is not considered, associated RS in UL TCI state is known/unknown.
· Case 3 && 4:  The impact from PL-RS is considered, associated RS in UL TCI state is known/unknown.
Therefore, there are totally four scenarios for UL TCI state switching in separate TCI or joint TCI state:
For the scenario that the impact of PL-RS is not considered:
If Pathloss RS is not included in target TCI state, or Pathloss RS is not activated with target TCI state in the same MAC CE command
· If the associated DL RS in target TCI state is known,  
· The UE shall be able to transmit uplink signal with the target TCI state in the slot n+ THARQ + + 1.  
· else,  
· The UE shall be able to transmit uplink signal with the target TCI state in the slot n+THARQ + 3ms + TL1-RSRP+1. 
For the scenario that the impact of PL-RS is considered:
· If Pathloss RS is included in target TCI state and pathloss RS are identical to associated DL RS in target TCI state, or Pathloss RS is activated with target TCI state in the same MAC CE command and Pathloss RS is QCL-typeD with associated DL RS in target TCI state
· If the associated DL RS in target TCI state is known,  
· The UE shall be able to transmit uplink signal with the target TCI state in the slot n+THARQ + 3ms + NM* (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms). 
· else,  
· The UE shall be able to transmit uplink signal with the target TCI state in the slot n+THARQ + 3ms + TL1-RSRP + Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms. 

Proposal 1: Define UL TCI state switching delay requirement for 4 scenarios.

For MAC-CE based TCI state-pair indication, if one TCI state-pair containing 1 DL TCI and 1 UL TCI, and the source RSs for the 2 TCIs are different. The TCI state switching delay requirement can be defined for UL TCI and DL TCI switching respectively. Legacy MAC CE based DL TCI state switching delay and MAC-CE based uplink spatial relation switching requirements can be re-used.
Proposal 2: For MAC-CE based TCI state-pair indication, the TCI state switching delay requirement can be defined for UL TCI and DL TCI switching respectively.
2.2 PL-RS switching delay requirement for unified TCI
	· Requirements for PL-RS switching delay indicated by unified TCI
· No extra requirements beyond Rel-17 unified TCI switching delay requirements. Requirements for uplink TCI switching requirements is applied for MAC CE based PL-RS switching and DCI based PL-RS switching
· Delay component of measuring PL-RS will be specified for the following cases 
· Known TCI but PL-RS is not maintained 
· Unknow TCI 



Similar as discussion in UL TCI state switching, PL-RS switching delay for unknown case can be defined for the below conditions: 

For the case that Pathloss RS is unknown:

· If Pathloss RS is included in target TCI state and pathloss RS are identical to associated DL RS in target TCI state, or Pathloss RS is activated with target TCI state in the same MAC CE command and Pathloss RS is QCL-typeD with associated DL RS in target TCI state
· The PL-RS switching delay requirement is THARQ + 3ms + TL1-RSRP + Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms.


Proposal 3: For the case that Pathloss RS is unknown:

· If Pathloss RS is included in target TCI state and pathloss RS are identical to associated DL RS in target TCI state, or Pathloss RS is activated with target TCI state in the same MAC CE command and Pathloss RS is QCL-typeD with associated DL RS in target TCI state
· The PL-RS switching delay requirement is THARQ + 3ms + TL1-RSRP + Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms.

2.3 MAC-CE based DL/UL TCI switching delay for cell with different PCI
In last meeting, the agreement for TCI switching delay for cell with different PCI is as follows:
	· MAC-CE based and DCI based TCI switching delay does not have difference for a serving cell and a cell with PCI different from a serving cell based on the following conditions. 
· Active BWP of cell with different PCI shall be within active BWP of serving cell 
· SCS between cell with different PCI and serving cell shall the same 
· Timing offset between SC and NSC are within CP 
· RAN4 will further study whether to specify the requirements if above conditions do not meet. 



In legacy, extra TL1RSRP is considered based on either SSB or CSI-RS if associated DL RS is unknown for both DL and UL. 
	T L1-RSRP = 0 in FR1 or when the TCI state switching not involving QCL-TypeD in FR2. Otherwise, 
-	T L1-RSRP is the time for Rx beam refinement in FR2, defined as
-	TL1-RSPR_Measurement_Period_SSB for SSB as specified in clause 9.5.4.1, 
-	with the assumption of M=1
-	with TReport = 0
-	TL1-RSRP_Measurement_Period_CSI-RS for CSI-RS as specified in clause 9.5.4.2
-	configured with higher layer parameter repetition set to ON 
-	with the assumption of M=1 for periodic CSI-RS
-	for aperiodic CSI-RS if number of resources in resource set at least equal to MaxNumberRxBeam
-	with TReport = 0
-	TOuk = 1 for CSI-RS based L1-RSRP measurement, and 0 for SSB based L1-RSRP measurement when TCI state switching involves QCL-TypeD
-	TOuk = 1 when TCI state switching involves other QCL types only
-	Tfirst-SSB is time to first SSB transmission after L1-RSRP measurement when TCI state switching involves QCL-TypeD; 
-	Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE for other QCL types;



For RX beam sweeping for cell with different PCI, there is no explicit agreement in RAN1 that CSI-RS can be used for inter-cell beam measurement. Besides, similar as CSI-RS L3 measurement, there are many issues to be considered, e.g. whether there are some time domain limitations about CSI-RS configuration since CSI-RS is more flexible, whether there is associatedSSB, how to detect the timing of another cell, etc.
Therefore, we suggest to only define SSB based RX beam refinement for cell with different PCI. Besides, the definition of  TOuk needs to updated as well.
Proposal 4: For MAC-CE based DL/UL TCI switching delay for cell with different PCI, only define SSB based RX beam refinement.
If the timing offset is larger than CP, extra delay may be expected for MAC-CE based UL TCI switching delay for cell with different PCI. Since uplink timing will be based on DL timing, it’s necessary to track the DL timing of cell with different PCI as well. If PL-RS is activated at the same time, DL time tracking for PL-RS is also needed if PL-RS is not maintained.
Proposal 5: If the timing offset is larger than CP, extra delay may be expected for MAC-CE based UL TCI switching delay for cell with different PCI.
2.4 Cell Common TCI switching delay for CA case

	· Delay requirements for TCI switching in CA case
· RAN4 will further study whether to specify the TCI switching delay requirement in CA case 




In last meeting, there is LS[2] from RAN2 to ask for some clarification about “common TCI state ID update”.

	BeamAppTime value range
RAN2 has been discussing on what level the BAT parameter should be configured. RAN2 has found guidance for per CCs per CSC  “with the common TCI state ID update”. However, it is not clear what “common TCI state ID update” means or exactly what is the correct level for configuring the parameter. 
Question 1.11: RAN2 would like to further confirm whether this parameter is per-UE (i.e. applicable to all cell groups per SCS), per cell group (i.e. within the same cell group, all cells use the same values per SCS), per cell (i.e. different cells may use different value per SCS), or something else?
Question 1.12: Is it correct understanding that the common TCI state ID update is when the same TCI state list is configured for multiple CCs with reference BWP/CC?  
Question 1.13: Please indicate what should be the value range for parameter beamAppTime-r17?




It seems that RAN2 is not sure about whether common TCI state ID is configured per UE or per cell group or per cell. 
The previous agreement in RAN1 is as follows:

	Agreement in RAN1 103
On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· The above applies to intra-band CA
· The above applies to joint DL/UL and separate DL/UL beam indications 
· Just as Rel.16, the RS in the TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· The common TCI state ID implies that the same/single RS determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL Type-D indication and to determine UL TX spatial filter across the set of configured CCs
· FFS: The above also applies to inter-band CA 

Agreement in RAN1 106bis
On Rel.17 unified TCI framework, the source RS in the Rel-17 TCI state that provides QCL-TypeA or QCL-TypeB shall be in the same CC/BWP as the target channel or RS



From RAN1’s agreement, common TCI state ID will apply for intra-band CA and it’s FFS whether it can apply to inter-band CA. therefore, we suggest to define requirement for intra-band CA case.

For the wording, “The common TCI state ID implies that the same/single RS determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL Type-D indication and to determine UL TX spatial filter across the set of configured CCs”, our understanding is that if RS in the TCI state provide QCL-TypeD, the same/single RS will be used to provide QCL Type-D information or UL TX spatial filter for multiple CCs in intra-band CA. In real-field deployment, the system usually uses the same beams for PDSCH and PDCCH transmission in all the CCs in the same band. The gNB can configure same QCL-typeD RS in the TCI-state with same TCI-state Id in all the CCs in the same band. 

Therefore, if the RS in the TCI state provides QCL-TypeD, it seems that no matter whether the common TCI state ID is configured per cell group or per cell, the same RS will be used as the reference. The known condition for intra-band CA can only consider the associated RS in the reference CC. 

Proposal 6: If the associated RS in common TCI state provides QCL-TypeD, the known condition can only consider whether the associated RS in the reference CC is known or not. 


If the common TCI state is known, another question is that whether extra DL time tracking is needed if the common TCI state is in the active TCI state list. Since L1-RSRP measurement is configured per CC, it’s possible that the QCL-typeD RS is not measured in some CCs and the DL timing is not maintained. For FR2, since the MRTD is 0.26us, which will not exceed the CP, therefore, DL timing tracking is not needed for other CCs where L1-RSRP is not performed before.

Therefore, if the RS in the TCI state provides QCL-TypeD, similar with DCI based beam indication delay, one single MAC-CE based TCI state switching delay will be defined for CA case. Legacy MAC-CE based TCI state switching delay based on single CC can be re-used. The slot where new TCI state applies is determined based on the carrier with the smallest SCS in the CC set.

If the source RS for providing QCL-A or QCL-B, since UE can’t obtain TypeA or TypeB QCL assumption from another CC, the source RS for providing QCL-A or QCL-B is still in the same CC as the target channel or RS. Then the MAC CE based TCI state switching delay of single CC can be re-used as well.


Proposal 7: For intra-band CA, if the RS in the TCI state provides QCL-TypeD, re-use MAC-CE based TCI switching delay defined for single CC. The slot where new TCI state applies is determined based on the carrier with the smallest SCS in the CC set. 

Proposal 8: For intra-band CA, if the RS in the TCI state provides QCL-TypeA or QCL-TypeB, the slot where new TCI state applies is determined based on the SCS of CC where TCI state switching is configured.

3 Conclusion
In this contribution, we provide our views regarding Unified TCI state in FeMIMO:
Proposal 1: Define UL TCI state switching delay requirement for 4 scenarios.
Proposal 2: For MAC-CE based TCI state-pair indication, the TCI state switching delay requirement can be defined for UL TCI and DL TCI switching respectively.
Proposal 3: For the case that Pathloss RS is unknown:

· If Pathloss RS is included in target TCI state and pathloss RS are identical to associated DL RS in target TCI state, or Pathloss RS is activated with target TCI state in the same MAC CE command and Pathloss RS is QCL-typeD with associated DL RS in target TCI state
· The PL-RS switching delay requirement is THARQ + 3ms + TL1-RSRP + Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms.
Proposal 4: For MAC-CE based DL/UL TCI switching delay for cell with different PCI, only define SSB based RX beam refinement.
Proposal 5: If the timing offset is larger than CP, extra delay may be expected for MAC-CE based UL TCI switching delay for cell with different PCI.
Proposal 6: If the associated RS in common TCI state provides QCL-TypeD, the known condition can only consider whether the associated RS in the reference CC is known or not. 

Proposal 7: For intra-band CA, if the RS in the TCI state provides QCL-TypeD, re-use MAC-CE based TCI switching delay defined for single CC. The slot where new TCI state applies is determined based on the carrier with the smallest SCS in the CC set. 

Proposal 8: For intra-band CA, if the RS in the TCI state provides QCL-TypeA or QCL-TypeB, the slot where new TCI state applies is determined based on the SCS of CC where TCI state switching is configured.
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