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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:
	· PL-RS switching delay requirement for beam alignment case
· MAC-CE based DL/UL TCI switching delay in separate TCI mode for serving cell
· MAC-CE based DL/UL TCI switching delay in Joint TCI mode for serving cell
· Common TCI switching delay for CA case
· TCI switch delay requirements for target TCI is associated with non-serving cell (i.e., cell with different PCI)


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

	Issue 2: MAC-CE based DL/UL TCI switching delay in separate TCI mode for serving cell
· Re-use existing known conditions for associated DL-RS 
· Re-use existing MAC-CE based TCI switching delay requirements for DL TCI switching delay requirements for PDCCH and PDSCH 
· Reuse existing MAC-CE based uplink spatial relation switching requirements for UL TCI switching delay as starting points 
· FFS: Whether and how to specify requirements for MAC-CE based TCI state-pair indication, considering such one TCI state-pair containing 1 DL TCI and 1 UL TCI, and the source RSs for the 2 TCIs are different.




In last meeting, it’s agreed that MAC-CE based TCI switching delay requirements for DL TCI switching delay requirements will be re-used. It’s still FFS whether MAC-CE based uplink spatial relation switching requirements can be re-used for UL TCI switching delay. 

In legacy uplink spatial relation switching, we consider whether associated DL RS is known or not. Furthermore,
if  PL-RS is also switching in the same MAC CE, extra delay will be considered. Rel-17 UL TCI state switch delay requirement can be analyzed similarly. 

Case 1: PL-RS is included in UL TCI sate

For Rel-17, RAN4 agrees to define requirement only for “beam alignment” case, which means that PL-RS and associated RS in UL TCI state are identical if PL-RS is included in UL TCI state. Therefore, the associated RS can be known or unknown simultaneously for PL-RS and UL TCI switching.  

Observation 1: If PL-RS is included in UL TCI state, PL-RS and associated RS in UL TCI state are identical. They will be known or unknown at the same time.

If the RS is known, legacy MAC-CE based uplink spatial relation switching delay requirements can be re-used, which is refer to clause 8.14.3.

Proposal 1: If PL-RS is included in UL TCI state and the TCI state is known, MAC-CE based uplink spatial relation switching delay requirements can be re-used for UL TCI switching delay.

If the RS is unknown, it needs further discussion whether to define the delay requirement for UL TCI state switching for this case.

For unknown case for legacy UL spatial info switching, extra RX beam sweeping time is added, the requirement is as follows:
n+ THARQ + + TL1-RSRP+1

Since the RL-RS and associated RS are the same, the same SSB resource will be used for RX beam sweeping and pathloss calculation. It seems that it’s possible to define UL TCI switching requirement for unknown case if PL-RS is included in UL TCI. The delay will be total of the two procedures:

n+ THARQ + + TL1-RSRP+

Another option is that there is no requirement for this case if the RS is unknown. However, since in legacy we have requirement for unknown case for uplink spatial info switching, it’s better to define requirement for it. 

Proposal 2: If PL-RS is included in the UL TCI state and the TCI state is unknown, the delay requirement for UL TCI switching delay is:

n+ THARQ + + TL1-RSRP+


Case 2: PL-RS is associated with UL TCI sate and PL-RS is activated in the same MAC-CE with UL TCI state switching

If PL-RS is associated with UL TCI state, one PL-RS may be mapped to multiple UL TCI state. PL-RS and UL TCI state may not be activated in the same MAC CE.  We can only define requirement when they are activated in the same MAC CE like legacy. Since we will only define the case for “beam alignment”, which means that PL-RS and associated RS in UL TCI are QCL-typeD.  it means that the beam for UL TCI switching can also apply for PL-RS activation as well. It also means that these RSs will be known or unknown at the same time.

Observation 2: If PL-RS is associated with UL TCI state, PL-RS and associated RS in UL TCI are QCL-typeD. They will be known or unknown at the same time.

If associated DL RS and Pathloss Reference RS are known, legacy requirement can be applied.

Proposal 3: When PL-RS is associated with UL TCI sate and PL-RS is activated in the same MAC-CE with UL TCI state switching, if TCI state is known, legacy MAC-CE based uplink spatial relation switching delay requirements can be re-used.

If associated DL RS and Pathloss Reference RS are unknown, after Rx beam sweeping for UL TCI state switching, the same RX beam assumption can be used for PL-RS to calculate the RSRP either. Since PL-RS and associated RS in UL TCI are QCL-D. Therefore, the delay requirement is the same as the case when PL-RS is included in UL TCI state and the associated RS is unknown.

Proposal 4: If associated DL RS and Pathloss Reference RS are unknown, the delay requirement is the same as the case when PL-RS is included in UL TCI state and the TCI state is unknown.

Case 3: PL-RS is associated with UL TCI state and PL-RS is not activated in the same MAC-CE with UL TCI state switching

In this case, the legacy MAC-CE based uplink spatial relation switching delay requirement for known case and unknown case can be re-used for UL TCI state switching.

Proposal 5: If PL-RS is associated with UL TCI state and PL-RS is not activated in the same MAC-CE with UL TCI state switching, the legacy MAC-CE based uplink spatial relation switching delay requirement for known case and unknown case can be re-used for UL TCI state switching.

In legacy, MAC-CE based uplink spatial relation switch requirement is applied for PUCCH or semi-persistent SRS transmission. Unified TCI state switch will apply for all channels, it also apply for aperiodic SRS and periodic SRS as well.

Proposal 6: MAC-CE based UL TCI switching delay will apply for PUCCH, aperiodic SRS, semi-persistent SRS and periodic SRS.

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 7: 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 beam alignment case
	Issue 1: PL-RS switching delay requirement for beam alignment case
· Don’t need to specify additional PL-RS switching delay requirement.
· RAN4 will further discuss whether UL TCI state switching requirements can be re-used for PL-RS switching delay if UL TCI state switching can trigger PL-RS switch, how to capture this in the spec is FFS. 



if UL TCI state switching can trigger PL-RS switch, it means that PL-RS is included in the UL TCI state. If it’s included in the UL TCI state, they will be activated at the same time. The delay requirements for PL-RS activation and UL TCI switching delay are the same. A new section can be created for this case and refer to the UL TCI state switching delay.


Proposal 8: UL TCI state switching requirements can be re-used for PL-RS switching delay if UL TCI state switching can trigger PL-RS switch.

2.3 MAC-CE based DL/UL TCI switching delay in Joint TCI mode for serving cell
	Issue 3: MAC-CE based DL/UL TCI switching delay in Joint TCI mode for serving cell
· Re-use existing known conditions for associated DL-RS 
· RAN4 will further discuss whether to define a total switching delay requirement or re-use the legacy requirements or DL/UL TCI switching delay defined in separate mode



For a joint TCI state switching delay, there are two methods:

1. Define one single delay requirements for both DL/UL TCI state switch.

2. Define two delay requirements for DL/UL TCI respectively.


Previously, if we define a combined requirement, the steps in the whole procedure are hard to split. While for DL and UL TCI state switching, the procedure for DL TCI state switching and UL TCI state switching are independent and the ending point for DL and UL are clear. 

Besides, for method 2, it’s simpler and we can re-use most of the legacy requirement. For method 1, we need to define several new requirements corresponding to different scenarios, which increase the complexity.

Therefore, we can re-use the DL/UL TCI state switching delay in separate mode for joint TCI case. Don’t need to further differentiate the joint TCI case or separate TCI case. 

Proposal 9: Re-use the DL/UL TCI state switching delay respectively for joint TCI case.

2.4 Cell Common TCI switching delay for CA case

	Issue 6: Common TCI switching delay for CA case
· RAN4 will further discuss whether to specify the requirements for common TCI switching delay for CA case




From the RAN1’s agreement, the DCI based beam application time for CA case are as follows:

	Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the UE can assume that one beam application time (BAT) for a given SCS is configured for all the CCs configured with the common TCI state ID update,
· Note: It was agreed that the BAT associated with the carrier(s) (hence BWP(s)/CC(s)) on which the beam indication applies is determined based on the carrier with the smallest SCS among the carrier(s) (hence BWP(s)/CC(s)) applying the beam indication
· TBD (maintenance): whether a second configured BAT is also supported, e.g. for MPUE or inter-cell BM
· The detailed signaling of the BAT is up to RAN2
· FFS: For CC(s) not configured with a common TCI state ID update




Therefore, one beam application time is configured for all the CCs configured with the common TCI state ID update. Beam indication time is determined based on the carrier with the smallest SCS among the carrier(s).


Proposal 10: For CA, DCI-based TCI switching delay is determined based on the carrier with the smallest SCS among the carrier(s).

2.5 TCI switch delay requirements for target TCI is associated with non-serving cell

	Issue 7: TCI switch delay requirements for target TCI is associated with non-serving cell (i.e., cell with different PCI)
· Re-use existing known conditions for associated DL-RS 
· FFS: Re-use existing MAC-CE based TCI switching delay requirements for DL TCI switching delay requirements for PDCCH and PDSCH 
· Reuse existing MAC-CE based uplink spatial relation switching requirements for UL TCI switching delay as starting points. 
· RAN4 further discuss how to elaborate the wording for “non-serving cell”





For TCI state switching associated with non-serving cell, we suggest to only define requirement for known case, i.e. UE has reported L1-RSRP based on the SSB of non-serving cell within 1280ms before. It’s not typical scenario that TCI state switching will based on SSB which is not measured before. 

Proposal 11: For inter-cell TCI state switching, only define requirement for known TCI state case.

For intra-frequency case, it’s possible that the active BWP of non-serving cell is different from the serving cell. we suggest to define TCI state switching requirement when the BW of the inter-cell is within the active BWP of the serving cell. the SCS of inter-cell is the same as the SCS of serving cell.


Proposal 12: For inter-cell TCI state switching, define requirement when the BW of inter-cell is within the active BWP of the serving cell and the SCS are the same.

For TCI switch delay requirements for target TCI is associated with non-serving cell, at the end of TCI state switching, UE would be able to receive PDCCH with target TCI state of the non-serving cell or PDSCH from the non-serving cell. 
In order to decode PDCCH/PDSCH from non-serving cell, non-serving cell related cell information needs to be known by the UE before the TCI switching command is received. 
From the RAN1 reply, it’s shown that the system information for inter-cell beam management will be received from the serving cell TRP.
	b) System information and short message (e.g. paging): If UE is receiving DL data from TRP with different PCI on dedicated channels, is the UE still able to receive short message (e.g. paging) and system information  from serving cell TRP at the same time?
Answer 2.b: The system information for inter-cell beam management can be only received from the serving cell TRP. 



Proposal 13: System information of inter-cell will be assumed to be known when defining inter-cell TCI state switching delay requirement.
For DL TCI state switching, if the target TCI state is not in the active list, UE may not maintain the timing and need one extra SSB to perform DL timing tracking for inter-cell. The legacy DL TCI state switching requirement can be re-used.
For UL TCI switching, the ending point will be that PUCCH/PUSCH/SRS is transmitted to TRP with different ID with new beam. 
As discussed in legacy uplink spatial info switching, if DL timing is not maintained (target TCI state is not in the active TCI list), no extra DL timing tracking is needed. The reason is that the spatial relation for uplink is based on the downlink timing. While the downlink timing is kept unchanged. UE just switches its uplink transmission beam to a new beam without update the timing.
Observation 3: For uplink spatial info switch, no DL timing tracking is need since DL timing is unchanged.
For inter-cell UL TCI switching, for the scenario that DL timing of inter-cell is not maintained, if we follow the same logic, the uplink will follow the DL timing of inter-cell. The timing of inter-cell may not the same as the serving cell. It seems that UE need to perform DL timing tracking for inter-cell, which is different from legacy requirement. It’s not clear to us whether the UL timing will be updated based on the DL timing of inter-cell and whether UE still needs to perform DL timing tracking for UL TCI state switching.
Observation 4: For UL TCI switching for inter-cell, DL timing of inter-cell may change and UE may need to perform DL timing tracking for Uplink if DL timing of inter-cell is not maintained. 
Besides, in order to calculate the pathloss for TX power, PL-RS based on inter-cell may also be activated in the same MAC CE, if UE didn’t maintain the DL timing of inter-cell before and PL is not maintained, UE may need to track DL timing of PL-RS first and then perform pathloss calculation. 
Observation 5: For UL TCI switching for inter-cell, UE may need to track DL timing for PL-RS if DL timing of inter-cell is not maintained. 
In summary, for UL TCI switching, if DL timing of inter-cell is not maintained, suggest to further discuss whether DL time tracking is needed for the following purpose:
1. Update UL timing according to DL timing
2. Tracking DL timing of PL-RS for pathloss calculation
Proposal 14: For inter-cell UL TCI state switching, further discuss whether DL timing tracking for inter-cell is needed.
Since for inter-cell beam measurement, timing offset assumption is being discussed. If the timing offset between serving cell and inter-cell is small, e.g. small than CP, It’s possible that UE may not need perform extra timing tracking.

Proposal 15: For inter-cell UL TCI state switching, further discuss whether there is any timing offset assumption.
According to the wording from reply LS R1-2108522 from RAN1, it’s fine with the modification from “non-serving cell” to “TRP with different PCI”.
	Answer 3: As reflected in the revised WID RP-211586, no change in serving cell (hence no inter-cell mobility) is assumed. Therefore, the above question 3 is no longer relevant. The term “non-serving cell” is simply a reference to a TRP associated with a physical cell ID different from that of the serving cell. Regarding simultaneous reception and transmission, based on the revised WID:



Proposal 16: Modify “non-serving cell” to “TRP with different PCI”.
3 Conclusion
In this contribution, we provide our views regarding Unified TCI state in FeMIMO:
Observation 1: If PL-RS is included in UL TCI state, PL-RS and associated RS in UL TCI state are identical. They will be known or unknown at the same time.
Proposal 1: If PL-RS is included in UL TCI state and the TCI state is known, MAC-CE based uplink spatial relation switching delay requirements can be re-used for UL TCI switching delay.
Proposal 2: If PL-RS is included in the UL TCI state and the TCI state is unknown, the delay requirement for UL TCI switching delay is:

n+ THARQ + + TL1-RSRP+
Observation 2: If PL-RS is associated with UL TCI state, PL-RS and associated RS in UL TCI are QCL-typeD. They will be known or unknown at the same time.
Proposal 3: When PL-RS is associated with UL TCI sate and PL-RS is activated in the same MAC-CE with UL TCI state switching, if TCI state is known, legacy MAC-CE based uplink spatial relation switching delay requirements can be re-used.
Proposal 4: If associated DL RS and Pathloss Reference RS are unknown, the delay requirement is the same as the case when PL-RS is included in UL TCI state and the TCI state is unknown.
Proposal 5: If PL-RS is associated with UL TCI state and PL-RS is not activated in the same MAC-CE with UL TCI state switching, the legacy MAC-CE based uplink spatial relation switching delay requirement for known case and unknown case can be re-used for UL TCI state switching.
Proposal 6: MAC-CE based UL TCI switching delay will apply for PUCCH, aperiodic SRS, semi-persistent SRS and periodic SRS.
Proposal 7: 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 8: UL TCI state switching requirements can be re-used for PL-RS switching delay if UL TCI state switching can trigger PL-RS switch.
Proposal 9: Re-use the DL/UL TCI state switching delay respectively for joint TCI case.
Proposal 10: For CA, DCI-based TCI switching delay is determined based on the carrier with the smallest SCS among the carrier(s).
Proposal 11: For inter-cell TCI state switching, only define requirement for known TCI state case.
Proposal 12: For inter-cell TCI state switching, define requirement when the BW of inter-cell is within the active BWP of the serving cell and the SCS are the same.
Proposal 13: System information of inter-cell will be assumed to be known when defining delay requirement for TCI state switching for inter-cell.
Observation 3: For uplink spatial info switch, no DL timing tracking is need since DL timing is unchanged.
Observation 4: For UL TCI switching for inter-cell, DL timing of inter-cell may change and UE may need to perform DL timing tracking for Uplink if DL timing of inter-cell is not maintained. 
Observation 5: For UL TCI switching for inter-cell, UE may need to track DL timing for PL-RS if DL timing of inter-cell is not maintained. 
Proposal 14: For inter-cell UL TCI state switching, further discuss whether DL timing tracking for inter-cell is needed.
Proposal 15: For inter-cell UL TCI state switching, further discuss whether there is any timing offset assumption.
Proposal 16: Modify “non-serving cell” to “TRP with different PCI”.
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