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1 	Introduction
In last meeting, RAN4 agreed to define the delay requirement for pathloss RS update under R17 unified TCI framework, the joint TCI state switch with UL and DL, and separate TCI state switch for UL. Besides, whether to define the delay requirement of separate TCI state switch for DL is for further study. Our views on how/whether to define the delay requirements are provided in this paper.
2 Discussion
2.1 Delay requirement for unified TCI state switch
According to the agreement in RAN1 #103e as follows, only the DCI based and MAC-CE based TCI state switch are discussed in RAN1, i.e., no discussion for RRC based.

	Agreement in RAN1 #103e
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP 



To our understanding, the unified TCI state switch is more useful for the dynamical/semi-persistent TCI switch to reduce the latency. Thus, suggest RAN4 to define the delay requirement only for MAC-CE based and DCI-based in TS 38.133, i.e., not to define delay requirement for RRC based.

[bookmark: _Ref85631478]Proposal 1: To define the delay requirement for MAC-CE based and DCI based unified TCI state switch in TS 38.133, i.e., not to define delay requirement for the RRC based.

For the DCI based, the delay requirement has been defined in RAN1 as following agreement, i.e., Y symbols depending on UE capability.
	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




[bookmark: _Ref85631486]Proposal 2: For DCI based unified TCI state switch, define the delay requirement Y, which was agreed in RAN1 for joint and separate TCI state switch in TS 38.133.

For the MAC-CE based, no delay requirement is defined in RAN1. Thus, in this paper, we will focus on the MAC-CE based unified TCI state switch.

In the following sub-sections, MAC-CE based separate TCI state switch (section 2.1.1) and joint TCI state switch (section 2.1.2) will be discussed separately.

2.1.1 Separate TCI state switch via MAC-CE command

For the separate TCI state switch, the TCI state for UL beam and DL beam is allowed to be changed individually or simultaneously. Three cases are further discussed.
1. DL TCI state switch only
2. UL TCI state switch only
3. simultaneous DL and UL TCI state update 

For the DL TCI state switch only (case 1) and UL TCI state switch only (case 2), in our understanding, there is no essential difference between R15/R16 and R17. Thus, the R15/R16 delay requirement can be reused for R17.

[bookmark: _Ref85631493]Proposal 3: For MAC-CE based separate TCI state switch, if only DL TCI state or UL TCI state is switched, the TCI switch delay requirement can reuse R15/R16 TCI state or spatial relation requirement.
 
For the simultaneous DL and UL TCI state update (case 3), in order to apply the new UL or DL TCI state as soon as possible. Suggest to define the delay requirement for UL and DL separately, i.e., the TCI states for DL/UL beam can be applied separately. Besides, the R15/R16 delay requirement can be reused for simultaneous DL and UL TCI state update.

For example, according to clause 8.10 (active TCI state switching) and 8.12 (spatial relation switch), the delay requirement for MAC-CE based switch for DL and UL with known condition are:
· TDL = +(THARQ +TOk*(Tfirst-SSB + TSSB-proc+TSSB*LMAC,known)) /NR slot length
· TUL = THARQ + + 1

Then, for the simultaneous DL and UL TCI state switch, the switch for DL TCI state and UL TCI state should be completed within TDL and TUL, respectively.

[bookmark: _Ref85359602][bookmark: _Ref85631498]Proposal 4: For MAC-CE based separate TCI state switch, if DL and UL TCI state are switched simultaneously, the TCI states for DL/UL beam can be applied separately and the delay requirement can reuse R15/R16 TCI state switch and spatial relation switch requirement.

2.1.2 Joint TCI state switch via MAC-CE command

For the joint TCI state switch, the TCI states for UL beam and DL beam are simultaneously and this case is similar to the case 3 in the section 2.1.1 (DL and UL TCI state are switched simultaneously under separate TCI state switch).

Thus, in our understanding, the same logic as Proposal 4 can be reused for joint TCI state switch.

[bookmark: _Ref85631504]Proposal 5: For MAC-CE based joint TCI state switch, the TCI states for DL/UL beam can be applied separately and the delay requirement can reuse R15/R16 TCI state switch and spatial relation switch requirement.

2.2 PL-RS update under R17 unified TCI state switch
According to the clause 8.14.3 in TS 38.133 as follow, the delay requirement for PL-RS switch is defined only when the target PL-RS is known.

	8.14.3	MAC-CE based pathloss reference signal switch delay
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.




[bookmark: _Ref85373817][bookmark: _Ref85631510]Observation 1: In R16, for pathloss RS, the delay requirement is defined only when PL-RS is known.

According to the Observation 1, the same logic can be reused for the PL-RS update under R17 unified TCI framework. Besides, in our understanding, the delay requirement of R16 PL-RS switch can also be reused.

[bookmark: _Ref85631522]Proposal 6: For PL-RS update under R17 unified TCI framework, to define the switch delay requirement only when the target PL-RS is known.

[bookmark: _Ref85631527]Proposal 7: The delay requirement of PL-RS switch under R17 unified TCI framework can reuse the R16 PL-RS switch delay requirement.
 
2.3 Applicability of QCL for PUCCH and PUSCH
In clause 3.6.7 of TS 38.133, the applicability of QCL is defined only for DL channel, i.e., PDCCH and PDSCH.

	3.6.7	Applicability of QCL
For the requirements specified in this version of the specification, a reference signal is considered to be QCLed to another reference signal if it is in the same TCI chain as the other reference signal, provided that the number of Reference Signals in the chain is no more than 4. It is assumed there is single QCL type per TCI chain.
A TCI chain consists of an SSB, and one or more CSI-RS resources, and the TCI state of each Reference Signal includes another Reference Signal in the same TCI chain. 
DMRS of PDCCH or PDSCH is QCLed with the reference signal in its active TCI state and any other reference signal that is QCLed, based on above criteria, with the reference signal in the active TCI state.




In R17 unified TCI state, the TCI state for UL channel is introduced. Thus, the corresponding applicability of QCL should be updated accordingly. In our understanding, the similar logic as DL can be reused for UL. Our proposals are provided as follows:
[bookmark: _Ref85635630]Proposal 8: For R17 unified TCI state, the maximum number of RS in UL TCI chain is four.
[bookmark: _Ref85631538]Proposal 9: RAN4 should update the QCL definition for PUCCH and PUSCH in applicability of requirements. The updated QCL definition for UL TCI state can be "DMRS of PUCCH or PUSCH is QCLed with the reference signal in its active TCI state and any other reference signal that is QCLed, based on above criteria, with the reference signal in the active TCI state".


3 Summary
In this paper, the discussion of unified TCI state switch is provided. We have the following proposal:
Proposal 1: To define the delay requirement for MAC-CE based and DCI based unified TCI state switch in TS 38.133, i.e., not to define delay requirement for the RRC based.
Proposal 2: For DCI based unified TCI state switch, define the delay requirement Y, which was agreed in RAN1 for joint and separate TCI state switch in TS 38.133.
Proposal 3: For MAC-CE based separate TCI state switch, if only DL TCI state or UL TCI state is switched, the TCI switch delay requirement can reuse R15/R16 TCI state or spatial relation requirement.
Proposal 4: For MAC-CE based separate TCI state switch, if DL and UL TCI state are switched simultaneously, the TCI states for DL/UL beam can be applied separately and the delay requirement can reuse R15/R16 TCI state switch and spatial relation switch requirement.
Proposal 5: For MAC-CE based joint TCI state switch, the TCI states for DL/UL beam can be applied separately and the delay requirement can reuse R15/R16 TCI state switch and spatial relation switch requirement.
Observation 1: In R16, for pathloss RS, the delay requirement is defined only when PL-RS is known.
Proposal 6: For PL-RS update under R17 unified TCI framework, to define the switch delay requirement only when the target PL-RS is known.
Proposal 7: The delay requirement of PL-RS switch under R17 unified TCI framework can reuse the R16 PL-RS switch delay requirement.
Proposal 8: For R17 unified TCI state, the maximum number of RS in UL TCI chain is four.
Proposal 9: RAN4 should update the QCL definition for PUCCH and PUSCH in applicability of requirements. The updated QCL definition for UL TCI state can be "DMRS of PUCCH or PUSCH is QCLed with the reference signal in its active TCI state and any other reference signal that is QCLed, based on above criteria, with the reference signal in the active TCI state"
