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1 	Introduction
In the last meeting, some issues have been agreed, e.g., no additional PL-RS switch delay requirement and reuse the MAC-CE based DL TCI state switch delay requirement for DL TCI state in unified TCI framework. In this paper, our views on how/whether to define the delay requirements are provided for the remaining issues, including the PL-RS switch delay and UL TCI state switch delay in unified TCI framework.
2 Discussion
2.1 PL-RS switching delay requirement
Same RS for PL-RS and spatial relation

For the PL-RS switching delay requirement in unified TCI framework, there is an open issue that whether the PL-RS and the associated RS with spatial relation are the same RS. To us, it would be a bit strange that UE applies the different RS to determine UL power and UL spatial filter for the same UL TCI state. Of course, it is possible that the PL-RS and associated RS with spatial relation are QCLed Type-D, and the UL power or UL spatial filter may be applied for the same UL TCI state. But, to simplify the requirement, suggest to define the PL-RS switching delay requirement when the PL-RS and associated RS with spatial relation are the same RS. 

[bookmark: _Ref91766697][bookmark: _Ref92112327]Proposal 1: To define the PL-RS switching delay requirement only when PL-RS and associated RS with spatial relation are the same RS.

Unknown case for PL-RS and spatial relation

In the last meeting, RAN4 has agreed that no additional PL-RS switching delay requirement will be defined. The corresponding requirement is provided as follows.

Agreement in RAN4 #101e
	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. 



In addition, in current clause 8.14 of TS 38.133, there is no switching delay requirement for the unknown PL-RS. Thus, according to the above agreement and the existing specification, it will be no PL-RS switching delay requirement for the unknown case in R17.

[bookmark: _Ref91766668][bookmark: _Ref92112331]Observation 1: In R17 unified TCI state framework, for the unknown PL-RS, no switching delay requirement will be defined.

Based on Proposal 1 and Observation 1, because PL-RS and associated RS with spatial relation are the same RS and no switching delay requirement for the unknown PL-RS, the following proposal is suggested.

[bookmark: _Ref92112350]Proposal 2: No requirement when the PL-RS or associated RS with spatial relation is unknown.

Maintained and non-maintained PL-RS

RAN4 has agreed to define the delay requirement for the MAC CE based and DCI based TCI state switch for R17 unified TCI state framework. However, the delay requirement for PL-RS will depend on whether the target PL-RS is maintained or non-maintained. Note that, according to clause 8.14 in TS 38.133, additional five measurement samples are needed for the non-maintained PL-RS switch.

On the other hand, RAN1 has agreed that the target PL-RS of the activated UL/joint TCI state should be maintained. The corresponding agreement in RAN1 is provided as follows for reference.

Agreement in RAN1 #105e
	Agreement
On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state.
· Whether a UE supports “beam misalignment or not” (detailed definition FFS) between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is a UE capability
· Note: The term “beam misalignment” is for discussion purpose only
· Whether it is ‘included in’ or ‘associated with’ (including the manner it is performed and the signaling) is up to RAN2
· The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state
· The maximum number of activated UL TCI states or (if applicable) joint TCI states per band per cell is a UE capability
· FFS: detailed aspects of PL-RS, e.g. CSI-RS type(s), restriction on configuration
· FFS: For the definition of “beam misalignment or not”, at least consider the case where the periodic DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication is configured/associated as the PL-RS
· Note: PL-RS is assumed to be periodic



To make the discussion clear, the DCI based and MAC CE based TCI state switch are discussed separately as follows.

· DCI based switch:
· According to the above agreement, for the DCI based TCI state switch, the target PL-RS shall be maintained. Because network will provide an active TCI state list to UE through a MAC CE and use a DCI to indicate one of PL-RSs within the active TCI state list for UE to switch the PL-RS.

· MAC CE based switch:
· Compare with DCI based switch, the target PL-RS may be non-maintained. Because DCI indication is no longer needed, network will activate one TCI state/PL-RS through a MAC CE for UE. In that case, before the target PL-RS is activated, the target PL-RS may be maintained or non-maintained.

Thus, based on the above analysis, one observation is provided as follows.

[bookmark: _Ref91769878][bookmark: _Ref92112359]Observation 2: For DCI based TCI state switch, the target PL-RS is maintained. For MAC CE TCI state based, the target PL-RS may be maintained or non-maintained.

According to the Observation 2, for DCI based switch, because the PL-RS shall be maintained and the time for the power adjustment is trivial. Thus, the DCI based UL TCI state switching requirements can be reused for PL-RS switching delay, i.e., Y symbols.

[bookmark: _Ref92112364]Proposal 3: For DCI based switch, DCI based UL TCI state switching requirements can be re-used for PL-RS switching delay, i.e., Y symbol.

On the other hand, for the MAC CE based switch, the following proposal is suggested.

[bookmark: _Ref91771121][bookmark: _Ref92112366]Proposal 4: For MAC CE based switch, the PL-RS switching delay requirement should consider the maintained and non-maintained cases.

2.2 Delay requirement for unified TCI state switch
The separate discussions for MAC CE based switch and DCI based switch are provided in section 2.2.1 and 2.2.2, respectively.

2.2.1 MAC CE based DL/UL TCI switching delay
For the MAC CE based switch, it can be further discussed for joint and separate DL/UL modes.

Separate DL/UL TCI mode

In the last meeting, RAN4 has agreed that, for the DL TCI switch in separate mode, it will reuse the R15/R16 MAC-CE based TCI switching delay requirements and it is FFS for the UL TCI switch. 

According to our Proposal 1, the PL-RS and associated RS with spatial relation should be the same. Thus, both UL TCI state and PL-RS should be switched simultaneously at the same time. Based on this observation, the existing requirement of switching simultaneous PL-RS and spatial relation defined in clause 8.12.3 of TS 38.133 can be reused.

The requirement for switching PL-RS and spatial relation simultaneously is provided as follows for reference.
	8.12.3	MAC-CE based spatial relation switch delay
…
When the UL spatial relation info switch for PUCCH changes both the associated DL RS and pucch-PathlossReferenceRS with the same MAC-CE activation, and if both the DL RS and pucch-PathlossReferenceRS are known as specified in clause 8.12.2 and 8.14.2 respectively, the UE shall be able to transmit PUCCH with the target UL spatial relation after the delay specified in clause 8.14.3. If either the associated DL RS or pucch-PathlossReferenceRS are unknown, a longer switching delay is allowed. The UE is not required to transmit PUCCH with the target UL spatial relation until the DL RS and pathloss reference RS switch are completed.

8.14.3	MAC-CE based pathloss reference signal switch delay
The requirements in this clause apply for a UE to update a pathloss reference signal by MAC-CE for PUCCH, PUSCH, semi-persistent SRS and aperiodic SRS.
If the target pathloss reference signal is known, upon receiving PDSCH carrying MAC-CE activation in slot n, UE shall be able to apply the target pathloss reference signal of the serving cell on which pathloss reference signal switch occurs no later than the slot n + + + NM*.  The UE shall be able to apply old pathloss reference signals until the slot n + + . Where 
-	 is the timing between pathloss reference MAC-CE activation command and acknowledgement as specified in TS 38.321 [7].
-	NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise.
-	 is the periodicity of the target pathloss reference signal which would be SSB or NZP CSI-RS.
Note:	longer application time is expected if measurement sample is not available due to measurement gap, DRX or other UE activities.
Note:	longer application time is expected if the pathloss reference signal is unknown.




[bookmark: _Ref91774922][bookmark: _Ref92112369]Proposal 5: For MAC-CE based UL TCI switch in separate UL/DL mode for serving cell, the delay requirement for known case is THARQ +  + NM* , where NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise.

On the other hand, in the last meeting, one open issue regarding the TCI state-pair indication is discussed.

	Issue 2: MAC-CE based DL/UL TCI switching delay in separate TCI mode for serving cell
…
· 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.




To our understanding, intention of separate DL/UL TCI mode is allowed UE to switch the UL TCI state and DL TCI state independently, e.g., UL TCI state can be applied first if UL TCI state is ready. Thus, for the MAC-CE/DCI based TCI state-pair indication, the UL and DL TCI state delay requirement can reuse the delay requirement for the UL and DL TCI state switch delay requirement in separate mode, respectively.

[bookmark: _Ref92112371]Proposal 6: For the MAC-CE/DCI based TCI-pair indication in separate UL/DL TCI states switch, the UL/DL state switch delay requirements can reuse the UL/DL delay requirement defined in separate TCI mode, respectively.


Joint DL/UL TCI mode

For the joint mode, suggest to take the existing requirement as reference to define the requirement for the R17 unified TCI state switching. Besides, to our understanding, intention of the joint DL/UL TCI mode is that the new TCI state for DL and UL should be applied at the time. Thus, suggest to take the maximum value between R17 UL TCI state switch delay time (our Proposal 5) and R17 DL TCI state switch delay time (reuse R15/R16) to define the requirement.

[bookmark: _Ref92112373]Proposal 7: For MAC-CE based joint UL/DL TCI states switch, to define a total switching delay requirement for known case and delay the requirement is .

2.2.2 DCI based DL/UL TCI switch delay
In the last meeting, RAN4 agreed to wait for the RAN1’s decision to define the starting point of the DCI based TCI switching delay requirement. According to the agreed RAN1’s CR (R1-2112949) as follows, the starting point is the time point when ACK is transmitted by UE. 

The content extracted from R1-2112949 for reference. (Note that the BeamAppTime_r17 is Y which is agreed in RAN1)
	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 BeamAppTime_r17 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.



Thus, based on the above observation, our suggestion is:

[bookmark: _Ref92112374]Proposal 8: For DCI based switch, the new TCI state should be applied starting from the first slot that is at least Y symbols after the last symbol of the PUCCH containing ACK corresponding to DCI indication.

2.3 Common TCI switching delay for CA case
To our understanding, the delay requirement for a single CC and CA can be the same. Because, after the UE receives the TCI state switch indication on one CC, the application time on the other CCs can be short. Thus, we do not see the need to extend the delay requirement for the CA case.
Besides, according to the RAN1’s agreement as follows, for CA case, the first slot to apply the new TCI state is determined on the CC with the smallest SCS among the CCs which applying the beam indication.

Agreement in RAN1 #107e
	Refine the following agreement 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




Thus, based on the above analysis, our suggestion for CA case is:

[bookmark: _Ref92112376]Proposal 9: For common TCI switching delay for CA case, reuse the delay requirement as the TCI state switching for single CC, with the clarification that the first slot to apply the new TCI state is determined on the CC with the smallest SCS among the CCs which applying the beam indication.

2.4 TCI state switch delay requirements for non-serving cell and serving cell
For a known cell, the TCI state switch delay requirements for known non-serving cell and known serving cell can be the same. However, for unknown non-serving cell, no UE requirement may be imposed. The reason is, in inter-cell beam management, we propose that UE is not required to perform L1-RSRP measurement on the non-serving cell to avoid unnecessary work. The details can be found in our paper R4-2200183.

[bookmark: _Ref92112377]Proposal 10: For known non-serving cell, re-use serving cell's R17 MAC-CE/DCI based unified TCI switching delay requirements.

3 Summary
In this paper, the discussion of unified TCI state switch is provided. We have the following proposal:
Proposal 1: To define the PL-RS switching delay requirement only when PL-RS and associated RS with spatial relation are the same RS.
Observation 1: In R17 unified TCI state framework, for the unknown PL-RS, no switching delay requirement will be defined.
Proposal 2: No requirement when the PL-RS or associated RS with spatial relation is unknown.
Observation 2: For DCI based TCI state switch, the target PL-RS is maintained. For MAC CE TCI state based, the target PL-RS may be maintained or non-maintained.
Proposal 3: For DCI based switch, DCI based UL TCI state switching requirements can be re-used for PL-RS switching delay, i.e., Y symbol.
Proposal 4: For MAC CE based switch, the PL-RS switching delay requirement should consider the maintained and non-maintained cases.
Proposal 5: For MAC-CE based UL TCI switch in separate UL/DL mode for serving cell, the delay requirement for known case is THARQ +  + NM* , where NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise.
Proposal 6: For the MAC-CE/DCI based TCI-pair indication in separate UL/DL TCI states switch, the UL/DL state switch delay requirements can reuse the UL/DL delay requirement defined in separate TCI mode, respectively.
Proposal 7: For MAC-CE based joint UL/DL TCI states switch, to define a total switching delay requirement for known case and delay the requirement is .
Proposal 8: For DCI based switch, the new TCI state should be applied starting from the first slot that is at least Y symbols after the last symbol of the PUCCH containing ACK corresponding to DCI indication.
Proposal 9: For common TCI switching delay for CA case, reuse the delay requirement as the TCI state switching for single CC, with the clarification that the first slot to apply the new TCI state is determined on the CC with the smallest SCS among the CCs which applying the beam indication.
Proposal 10: For known non-serving cell, re-use serving cell's R17 MAC-CE/DCI based unified TCI switching delay requirements.
