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Introduction
RAN4#101bis continued to discuss Rel-17 feMIMO WI to specify RRM core requirements.  In RAN4 #101bis-e meeting, companies mainly discussed RRM requirements of items below :
· TCI switching delay requirements under Rel-17 unified TCI framework
· L1 measurement requirements for inter-cell beam management
· Others : BFD/CBD/BFRQ  and QCL
In this contribution, we provide our view on remaining issues on TCI switching delay requirements, especially on conditions to apply TCI switching delay requirements. RAN4 introduces TCI switching delay requirements based on RAN1 agreements, some of behaviors and assumption require further clarification. We further discuss the remaining issues in this contribution. 

Discussion

In RAN4#101bis, RAN4 has agreed TCI switching delay requirements as below. Based on these agreements, we provide further details to complete the requirements.
	WF RAN4#101bis R4-2202666
· 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) 
· RAN4 will further study and confirm the below beam alignment defination as applicability scenario for uplink TCI switching requirements
· If PL-RS is included in UL TCI or joint TCI, PL-RS is identical to the source RS in UL or joint TCI
· If PL-RS is associated UL TCI or joint TCI, PL-RS and source RS in UL or joint TCI is QCL-Type D.
· It is common understanding that TCI state switching delay requirement can be defined for UL TCI and DL TCI switching respectively 
· RAN4 will further study if MAC-CE based TCI state-pair indication requirement will be specified 
· RAN4 is to specified DCI based DL/UL TCI state switch delay for unified TCI based on RAN1 agreements on beam application time (BAT) . FFS on detailed wording to be included in specification.
· Switching delay requirements for unified TCI associated with ”NSC”
· NSC in TCI switching delay will be specified as “a cell with PCI different from a serving cell”
· 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. 
· Delay requirements for TCI switching in CA case
· RAN4 will further study whether to specify the TCI switching delay requirement in CA case 
· 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 





Remaining issues on PL-RS switching delay requirement 

In the last meeting, RAN4 made progress on PL-RS switching delay requirement, it has a few remaining issues related to
· Beam alignment condition of PL-RS switching 
· DCI-based PL-RS switching delay requirement
· MAC-CE-based PL-RS switching delay requirement under unknown condition
We continue to discuss each issue in this contribution.  In RAN4#101bis, RAN4 had discussions on PL-RS switching delay requirements, we can see RAN1 agreement status below. 
	RAN4 WF R4-2120320

· RAN4 will further study and confirm the below beam alignment definition as applicability scenario for uplink TCI switching requirements
· If PL-RS is included in UL TCI or joint TCI, PL-RS is identical to the source RS in UL or joint TCI
· If PL-RS is associated UL TCI or joint TCI, PL-RS and source RS in UL or joint TCI is QCL-Type D.

RAN1#106 Agreement
On path-loss measurement for Rel.17 unified TCI framework, at least for discussion purposes:
· “Beam alignment” is defined as follows: 
· The event that the PL-RS is identical to the spatial relation RS in the UL or (if applicable) joint TCI state. 
· FFS: how to define “beam alignment” if the PL-RS and the spatial relation RS in the UL or (if applicable) joint TCI state are not identical
· Any other case, it is defined as beam misalignment




As shown, the beam alignment is sure in the case that PL-RS is identical to the source RS in UL or joint TCI, while the case that PL-RS and source RS in UL or joint TCI is QCL-Type D (in yellow) has not fully agreed in RAN1.
Observation 1 : RAN1 has considered beam alignment definition that PL-RS and source RS in UL or joint TCI is QCL-Type D, but it is under FFS.
In practice, PL-RS is not necessarily to be same as the source RS. The source RS in TCI is to indicate the QCL type, but the path loss can be measured on other RS, but PL-RS and source RS in UL or joint TCI must be QCLed by QCL-Type D. For example, a UE can be configured with CSI-RS and SSB respectively for target PL-RS and source RS for UL. The indicated RSs can be different, but they are QCLed by type-D. Such a case will be common in the network.
Proposal 1 : Beam alignment definition should include the case that PL-RS and source RS in UL or joint TCI are QCLed by Type D.   


	RAN4 WF R4-2120320

· 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 




When a UE is configured with PL-RS to measure path loss for UL, its RX beam can be switched by TCI command. In Rel-16, there was no way to switch a UL beam specifically, the PL-RS switching should have been defined to allow a UE to measure path loss by RX beam switching. In Rel-17 unified TCI framework, UL TCI can be switched specific direction using both DCI and MAC-CE, RAN4 reached to agreement that requirements for uplink TCI switching is applied for both MAC CE based PL-RS switching and for DCI based PL-RS switching.
If the target pathloss reference signal is known, the MAC CE based uplink TCI switching delay requirement is specified as 
THARQ + 3ms + NM*(Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)


MAC-CE-based PL-RS switching delay requirement
When PL-RS is identical to the source RS in UL/joint TCI AND when the target PL-RS is known : 
This case has no problem to reuse UL-TCI requirement for PL-RS switching requirement. 
When PL-RS is identical to the source RS in UL/joint TCI AND when the target PL-RS is unknown :
In Rel-16 PL-RS switching requirement in TS38.133 8.14, the requirement is not defined when the target pathloss reference signal is unknown, and just state a note that longer application time is expected if the pathloss reference signal is unknown. This case is assumed that both the source RS in the UL-TCI and the target PL-RS are unknown, so a UE should require extra time to find a beam. We propose not to study PL-RS switching delay requirement when PL-RS is identical to the source RS in TCI and when the target pathloss reference signal is unknown.
Proposal 2 : We propose to apply the known state UL-TCI switching requirement for PL-RS switching delay when PL-RS is identical to the source RS in UL/Joint-TCI  AND  when the target PL-RS is known.

Proposal 3 : We propose not to define PL-RS switching delay requirement when PL-RS is identical to the source RS in UL/Joint-TCI   AND   when the target PL-RS is unknown.
	- Both the source RS in the UL-TCI and the target PL-RS are assumed unknown as consequence

When PL-RS and source RS in UL or joint TCI is QCL-Type D are not identical but QCLed by Type-D  :  
In this case, RAN4 needs to have more discussions. 
Firstly, there is no problem to reuse the UL-TCI requirement when PL-RS and source RS in UL or joint TCI is QCLed by Type-D  AND  when both the UL-TCI state and the target PL-RS are known. We shall agree on this case.
[bookmark: _Hlk95700355]Proposal 4 : Reuse MAC-CE based UL TCI switching delay requirement of known UL target TCI state when PL-RS and source RS in UL or joint TCI is QCLed by Type-D  AND  when both the UL-TCI state and the target PL-RS are known .
Next, there is a remaining issue how to apply the requirement either one of state is unknown. We foresee two cases can happen either
· when the target pathloss reference signal is unknown OR
· when the UL target TCI state is unknown
The unknown UL-TCI switching case from the agreement includes the time to maintain the PL-RS. So, the PL-RS switching behavior is aligned with this UL-TCI switching behavior. There will be no problem to apply it for PL-RS in principle, but it needs a bit more case studies.
· 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) 

A baseline behavior will be that a UE will choose a measurement beam based on source RS in UL-TCI and actually measures path-loss on target pathloss reference signal. We want to clarify UE behavior when PL-RS and source RS in UL or joint TCI is QCL-Type D AND when the UL target TCI state is unknown but when the target pathloss reference signal is known.  In this case, a UE is assumed to measure L1 on the target PL-RS, a beam state is already known. Therefore, the UE can practically use a beam from target PL-RS and directly measure it. We think the known state UL-TCI switching requirement can be applied to this case.  
Also, for the other case when the UL target TCI state is known but when the target pathloss reference signal is unknown, although the UE may not have been measured L1 on PL-RS, it acquires beam information from L1 measurement on the source RS in UL-TCI. Therefore, MAC-CE based UL TCI switching delay requirement of known UL target TCI state can be reused for this case as well.
If RAN4 prepares an LS to RAN1 to clarify the RAN1 FFS agreement, this issue can be included for clarification with RAN1.
Proposal 5 : Reuse MAC-CE based UL TCI switching delay requirement of known UL target TCI state,  when PL-RS and source RS in UL or joint TCI is QCLed by QCL-Type-D  AND  
· when the UL target TCI state is unknown but when the target pathloss reference signal is known.
· when the UL target TCI state is known     but when the target pathloss reference signal is unknown.


DCI-based PL-RS switching delay requirement
Next, DCI-based PL-RS switching is also possible. It is agreed that requirements for DCI-based UL TCI switching requirements is applied for DCI based PL-RS switching.  Then, known/unknown TCI state/PL-RS remain controversial. We propose to apply DCI based PL-RS switching under known conditions of UL-TCI state and target PL-RS.
Proposal 6 : Apply DCI-based UL TCI switching delay requirement for DCI-based PL-RS switching delay requirements, when the target pathloss reference signal is known AND when the target UL TCI state is known.
Further DCI-based UL TCI switching delay requirement is discussed in the next section.



2.2   Remaining issues on DCI-based DL/UL TCI switching delay

DL/UL TCI switching delay based on beam application time (BAT) 
Since Rel-17 unified TCI framework provides TCI switching for beam management purpose as well as DL receptions with or without PDSCH, the DL/UL switching delay is calculated differently comparing to Rel-16 requirement. Of course, it is a same UE no matter to Rel-16 and Rel-17, physically beam switching period will be same in a UE implementation. However, the starting point and the ending point of beam switching are newly defined by RAN1. Accordingly, RAN4 requirement should be updated in Rel-17.
	RAN4 WF R4-2120320

· RAN4 is to specified DCI based DL/UL TCI state switch delay for unified TCI based on RAN1 agreements on beam application time (BAT) . FFS on detailed wording to be included in specification.




We see related RAN1 agreements below :
	Agreement in RAN1 #106e
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot to apply the indicated TCI is at least Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The Y symbols are configured by the gNB based on UE capability, which is also reported in units of symbols.
· FFS whether Y is configured per BWP , per CC or per band or per SCS , or independent of BWP/CC/SCS
Note: Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted

Agreement in RAN1 #106bis
On Rel-17 DCI-based beam indication, regarding application time of the beam indication for CA, the first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
· For Rel-17 MAC-CE based beam indication (when only a single TCI codepoint is activated) and activation, it follows the Rel-16 application timeline of MAC-CE activation
· How to capture this in the specifications is up to the editors
Conclusion
Discussion on advanced beam refinement/tracking (“issue 6”) is suspended for the remaining of Rel-17 NR_FeMIMO multi-beam enhancement (due to lack of time).



RAN1 has worked on introducing unified beam indication techniques under Rel-17 unified TCI framework, and the indicated TCI state can be joint DL/UL or separate DL and UL TCI state. RAN1 mentioned agreements that ‘Y symbol’ is configured per BWP, per CC or per band or per SCS, or independent of BWP/CC/SCS, so it also seems to assume TCI switching plus BWP, CC, band or SCS, that requires additional delay by configured by RRC BAT information. 

[image: ]
Figure 1. Indicated TCI switching delay 
We refer to the RAN1 TS38.214 updates below for the TCI switching.
	Rel-17 38.214 section 5.1.5 

When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI-State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI -State indication, and if the indicated TCI-State is different from the previously indicated one, the indicated [TCI-State] with [tci-StateId_r17] should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The UE can assume one indicated [TCI-State] with [tci-StateId_r17] for DL and UL, for DL only, or for UL only at a time.




Observation 2 : RAN1 defines beam application time (BAT) for Rel-17 DL and UL TCI switching delay. The delay refers to  for both DL and UL. 
Observation 3 : Rel-16 TCI switching delay referring to timeDurationForQCL cannot be reused for Rel-17 unified TCI framework.
Based on the statement in TS38.214, it would be possible to express the requirement in an equation form from the TS38.214 statement, but we conclude it is somewhat complex. It will be easier and clearer to make requirements aligned with RAN1 statements. 
Proposal 7 : Adopt DCI-based DL and UL switching requirements in Appendix 6 

2.3   TCI switching delay requirement in CA case

RAN4 is discussing to specify whether to specify the TCI switching delay requirement in CA case.
	RAN4#101b agreement

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




When CA is configured with BWP/CC, a reference CC is required for the switching indication across multiple CCs. RAN1 defines common cross-CC TCI update
	Agreement in RAN1 #107
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
· The detailed signaling of the BAT is up to RAN2
· FFS: For CC(s) not configured with a common TCI state ID update




This discussion reached to TS38.214 as
	Rel-17 38.214 section 5.1.5 

If the [TCI-State] configurations is absent in a BWP of the CC, the UE can apply the [TCI-State] configuration from a reference BWP of a reference CC.




Basically, this is about a way to indicate a reference CC for TCI switching across multiple CCs, it does not change TCI switching delays that RAN4 is currently discussing. 
Observation 4 : Common cross-CC TCI update is about a reference CC for TCI switching across multiple CCs, it does not impact TCI switching delay requirements that RAN4 is currently discussing.
Both cases are possible under RAN1 agreement in Rel-17 as
· RRC-configured TCI state pool(s) can be configured in the PDSCH configuration (PDSCH-Config) for each BWP/CC as in Rel-15/16
· RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC, and replaced with a reference to RRC-configured TCI state pool(s) in a reference BWP/CC as a new way in Rel-17.
Once a reference CC is determined, then the TCI switching delay can be applicable based on this reference CC in the CA case.  In our understanding, this does not change TCI switching delay, but mainly about selection of reference CC.
Proposal 8 : No need to define additional requirement on TCI switching delay requirement in CA case. 
Proposal 9 : RAN4 may take a note in the spec for TCI switching delay requirement in CA case :
· The requirements of Rel-17 unified TCI switching delay are applicable to CA cases based on the rule of reference BWP/CC selection in TS38.214.

0. Other TCI related remaining issues  

RAN4 is discussing conditions that TCI switching delay does not have difference for a serving cell and a cell with PCI different from a serving cell.
	· 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 




The current conditions for the same switching delay for SC and NSC are understandable, we wonder if cases are considered with different TCI switching time for a serving cell and a cell with PCI different from a serving cell. Maybe the current discussion will be continued to Rel-18 with more case studies. For example, if SC and NSC time difference is larger than CP length, a UE will not switch the TCI state? We understand that the requirement is not applied.
Proposal 10 : RAN4 studies further how to handle TCI switching delay on NSC out of the conditions for same TCI switching delay assumption between SC and NSC. 

	RAN4#101b agreement

· It is common understanding that TCI state switching delay requirement can be defined for UL TCI and DL TCI switching respectively 
· RAN4 will further study if MAC-CE based TCI state-pair indication requirement will be specified 




We think that joint TCI and sperate TCI state switching delay requirements can be defined with UL TCI and DL TCI switching. But RAN4 can further discuss if UE implementation is impacted when DL and UL switching are indicated for switching at the same time. We assume joint TCI (DL+UL) and a pair of DL+UL separate TCI indications are identical w.r.t TCI switching delay. We don’t see good reason to define TCI state-pair indication requirement separately, but we can further discuss to understand UE behaviors if needed.
Proposal 11 : Rel-17 unified TCI switching delay requirement are defined by UL-TCI and DL-TCI switching requirements. We don’t see reason to define TCI state-pair indication requirement separately.


Conclusion
In this contribution, we provide our observations and proposals on requirements of TCI switching delay under unified TCI framework.
Observation 1 : RAN1 has considered beam alignment definition that PL-RS and source RS in UL or joint TCI is QCL-Type D, but it is under FFS.
Proposal 1 : Beam alignment definition should include the case that PL-RS and source RS in UL or joint TCI are QCLed by QCL-Type D.   
Proposal 2 : We propose to apply the known state UL-TCI switching requirement for PL-RS switching delay when PL-RS is identical to the source RS in UL/Joint-TCI AND  when the target PL-RS is known.
Proposal 3 : We propose not to define PL-RS switching delay requirement when PL-RS is identical to the source RS in UL/Joint-TCI  AND  when the target PL-RS is unknown.
	- Both the source RS in the UL-TCI and the target PL-RS are assumed unknown as consequence
Proposal 4 : Reuse MAC-CE based UL-TCI switching delay requirement of known UL target TCI state when PL-RS and source RS in UL or joint TCI is QCLed by Type-D  AND  when both the UL-TCI state and the target PL-RS are known .
Proposal 5 : Reuse MAC-CE based UL TCI switching delay requirement of known UL target TCI state,  when PL-RS and source RS in UL or joint TCI is QCLed by QCL-Type-D  AND  
· when the UL target TCI state is unknown but when the target pathloss reference signal is known.
· when the UL target TCI state is known     but when the target pathloss reference signal is unknown.

Proposal 6 : Apply DCI-based UL-TCI switching delay requirement for DCI-based PL-RS switching delay requirements, when the target pathloss reference signal is known AND when the target UL TCI state is known.
Observation 2 : RAN1 defines beam application time (BAT) for Rel-17 DL and UL TCI switching delay. The delay refers to  for both DL and UL. 
Observation 3 : Rel-16 TCI switching delay referring to timeDurationForQCL cannot be reused for Rel-17 unified TCI framework.
Proposal 7 :  Adopt DCI-based DL and UL switching requirements in Appendix 6 
Observation 4 : Common cross-CC TCI update is about a reference CC for TCI switching across multiple CCs, it does not impact TCI switching delay requirements that RAN4 is currently discussing.
Proposal 8 : No need to define additional requirement on TCI switching delay requirement in CA case. 
Proposal 9 : RAN4 may take a note in the spec for TCI switching delay requirement in CA case :
· The requirements of Rel-17 unified TCI switching delay are applicable to CA cases based on the rule of reference BWP/CC selection in TS38.214.
Proposal 10 : RAN4 studies further how to handle TCI switching delay on NSC out of the conditions for same TCI switching delay assumption between SC and NSC. 
Proposal 11 : Rel-17 unified TCI switching delay requirement are defined by UL-TCI and DL-TCI switching requirements. We don’t see reason to define TCI state-pair indication requirement separately.
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Appendix : Draft of DCI based downlink/uplink TCI state switch delay

8.15.4   DCI based downlink TCI state switch delay

When a UE is configured with the higher layer parameter with [tci-StateId_r17] for unified TCI switching and receives DCI format 1_1/1_2 with or without DL assingment providing indicated TCI-State with [tci-StateId_r17] for a CC or all CCs in the same CC list configured by [simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2], the UE transmits a PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI-State indication.
If the target TCI state is known, the DL TCI switching to the indicated TCI-State in the DCI format shall be completed starting from the first slot that is at least BeamAppTime_r17 symbols after the last symbol of the PUCCH. The first slot and the BeamAppTime_r17 symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The value of BeamAppTime_r17 is defined in TS 38.331 [2].  The known condition for TCI state defined in clause [8.15.2] is applied.

8.16.4   DCI based uplink TCI state switch delay

When a UE is configured with the higher layer parameter with [tci-StateId_r17] for unified TCI switching and receives DCI format 1_1/1_2 with or with DL assignement providing indicated TCI-State with [tci-StateId_r17] for a CC or all CCs in the same CC list configured by [simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2], the UE transmits a PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI-State indication.
If the target TCI state is known, the UL TCI switching to the indicated TCI-State in the DCI format shall be completed starting from the first slot that is at least BeamAppTime_r17 symbols after the last symbol of the PUCCH. The first slot and the BeamAppTime_r17 symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The value of BeamAppTime_r17 is defined in TS 38.331 [2].  The known condition for TCI state defined in clause [8.16.2] is applied.
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