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1 	Introduction
In the last meeting, some open issues in WF [1] were discussed without conclusion yet, e.g. common TCI state switching delay, TCI state-pair indication and PL-RS switching delay. Our views on these issues are provided in this paper.
2 Discussion
2.1 Common TCI state
To simplify TCI state switch, by using common TCI state indication, UE can switch the TCI state for a set of the configured CCs at the same time. However, there are some open issues from the last meeting discussion. The remaining issues include delay requirement and known condition, and they are discussed in section 2.1.1 and 2.1.2, respectively. 

2.1.1 Delay requirement
In the last meeting, RAN4 had a preliminary agreement as below.

	Issue 1-4-2 Whether common TCI state switching delay requirement is defined for all CC or per CC
· Agreement
· Common TCI state switching delay requirement is defined for all CC:
· If the same/single RS (indicated by a common TCI state ID) is used to provide beam information for the set of configured CCs
· Re-use requirement for single-CC.
· The SCS should be the smallest SCS within all CCs;
· 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.
· FFS: if the RS in the TCI state provides QCL-TypeD
· [bookmark: _Hlk101281644]FFS: If different RS in CC set is used to provide beam information, or TCI states involve QCL-A or QCL-C/QCL-TypeB, the requirement be defined per CC respectively.



As can be seen, there are two open issues:
· Issue 1. Whether to define the requirement when the different RSs indicated by common TCI state are used to provide QCL information?

· Issue 2. Which type of the QCL information cannot be used for cross CCs case?

For the issue 1, according to RAN1’s agreement as below, it is allowed that one source RS per CC can be used to provide QCL information, i.e. the RSs indicated by common TCI can be different among CCs.

Agreement in RAN1 #105e
	Agreement
On Rel.17 unified TCI framework, for common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of configured CCs/BWPs
· The source RS determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for a target CC can be configured in the target CC or other CC
· For intra-band CA, the following configurations can be supported without additional QCL rules:
· One source RS across CCs can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs 
· One source RS per CC can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs, and the CC-specific source RSs are further associated with a same QCL-TypeD RS 
· “A set of configured CCs/BWPs” includes all the BWPs in the set of configured CCs



[bookmark: _Ref101354047][bookmark: _Ref101443658]Observation 1: For common TCI state switch, one source RS, which is determined from indicated common TCI state ID, could be either across CCs or per CC 

To our understanding, if the different source RSs are used to provide QCL information on different CCs, the individual TCI state on each CC can be switched independently.
[bookmark: _Ref101353659][bookmark: _Ref101443665]Proposal 1: For common TCI state switch, RAN4 to introduce the delay requirement for one source RS per CC, where the source RS per CC is used to provide QCL information.
Proposal 2: For common TCI state switch, reuse the legacy single TCI state switch delay requirements (clause 8.15 and 8.16) for one source RS per CC.

For the issue 2, to our understanding, QCL-Type A and B cannot be used for cross CCs case. Because, according to the RRC configuration of unified TCI state in TS 38.331 as below, the “cell” is included in DLorJoint-TCIState-r17, and the field description of “cell” explicitly states that QCL-Type C and D can be used for cross CCs case but QCL-Type A and B do not have any description.

The content extracted from TS 38.331
	QCL-Info ::=                        SEQUENCE {
    cell               ServCellIndex   OPTIONAL,   -- Need R
    bwp-Id             BWP-Id          OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...,
    [[
    additionalPCI-r17        AdditionalPCIIndex-r17  OPTIONAL   -- Need R
    --Editor’s note: Can be discussed if ASN1 overhead reasons should have another way to implement than using this extension.
    --Editor’s note: Needed in Rel-15/16 TCI state for mTRP intercell and in Rel-17 TCI state for BM intercell
 
    ]]
}
 
DLorJoint-TCIState-r17 ::=                SEQUENCE {
     tci-StateUnifiedId-r17                   TCI-StateId,
     qcl-Type1-r17                            QCL-Info-r17,
     qcl-Type2-r17                            QCL-Info-r17                                                          OPTIONAL,   -- Need R    
     ul-powerControl-r17                      Uplink-powerControlId-r17                                                   OPTIONAL,  -- Need R
     pathlossReferenceRS-Id-r17               PUSCH-PathlossReferenceRS-Id -r17                                     OPTIONAL   -- Need S
     
 
}



	QCL-Info field descriptions

	cell
The UE's serving cell in which the referenceSignal is configured. If the field is absent, it applies to the serving cell in which the TCI-State is configured. The RS can be located on a serving cell other than the serving cell in which the TCI-State is configured only if the qcl-Type is configured as typeC or typeD. See TS 38.214 [19] clause 5.1.5.



[bookmark: _Ref101290001][bookmark: _Ref101443677]Observation 2: According to the field description of “cell” in QCL-Info in TS 38.331, QCL-Type C and D can be used for across CCs but not QCL-Type A and B.

Thus, based on Observation 2, Proposal 3 is suggested. 

[bookmark: _Ref101290188][bookmark: _Ref101443684]Proposal 3: For common TCI state switch, if TCI states involving QCL-Type A and B, the requirement is defined per CC; if TCI states involving QCL-Type C and D, the requirement can be defined per CC or across CCs.

2.1.2 known condition
For the known condition, RAN4 discussed whether the condition can be shared with other CCs or not in the last meeting. Below is the corresponding WF.

	Issue 1-4-1 Known condition in CA scenario
· Proposals
· Option 1(ZTE):
· Reuse the existing known condition. Once the source RS of target TCI state is known for each CC in the intra-band CC group, which means the known condition is satisfied.
· Option 2 (Intel, Nokia, vivo, Ericsson, Samsung, MTK, ZTE):
· 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. 
· Option 3(Apple, ZTE):
· The known condition should be dependent on shared RS or different RS.



According to Observation 1, one source RS determined from indicated common TCI state ID could be across CCs or per CC. To our understanding, whether the known condition of TCI state can be shared with other CCs should depend on the configuration of the source RS. For example, if one source RS is configured per CC, the known condition should base on the source RS which is transmitted from its own cell rather than other cells; if the source RS is configured across CCs, the known condition can base on the source RS which is transmitted from other cells.

[bookmark: _Ref101443705]Proposal 4: Reuse the existing known condition, which can apply for both case of source RS per CC and source RS across CC. And it means that if the source RS is configured per CC, then the known condition is per CC; other wise the known condition is across CC.

2.2 DCI based unified TCI state switch
One open issue as follows is about whether to define the requirement when the target TCI is maintained.

	Issue 1-2-1 Requirement applicability of DCI based DL and UL TCI state switching delay 
· target TCI state is known
· Note: UL TCI known state will be further clarified
· target TCI state is in active TCI state list for DL and joint TCI switch
· FFS: target TCI state is maintained for UL and joint TCI state switch.



To our understanding, the “maintained” mentioned above should be for PL-RS not for TCI state. Besides, according to the RAN1’s agreement, UE shall maintain a PL-RS if the associated target TCI state is activated.

Agreement in RAN1 #105-e
	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.
· The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state
· …



Thus, for the DCI based switch, the PL-RS of target TCI state shall be maintained because the target TCI state will be activated through MAC CE first.

[bookmark: _Ref101443715]Proposal 5: For DCI based UL and joint TCI state switch, the requirement is not applicable if the PL-RS of target TCI state is non-maintained.

2.3 MAC CE based UL TCI state switch
There are three open issues in this section 
(1) delay requirement when SSB is indicated as PL-RS 
(2) delay requirement when PL-RS is unknown 
(3) MAC CE based TCI state list update delay. 

Issue (1), (2) and (3) are discussed in sub-section 2.3.1, 2.3.2 and 2.3.3, respectively.

2.3.1 delay requirement when SSB is indicated as PL-RS
For the delay requirement of MAC CE based UL TCI state switch, RAN4 agreed that the delay requirement includes both PL-RS and UL TCI.

Content extracted from TS 38.133
	8.16.3	MAC-CE based uplink TCI state switch delay
…
For separate UL TCI state switch or joint TCI state switch for PUCCH or PUSCH, or semi-persistent/aperiodic/periodic SRS, when beamCorrespondenceWithoutUL-BeamSweeping is set to 1, upon receiving PDSCH carrying MAC-CE activation command in slot n on serving cell, 
· If 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). 
· If target TCI state is unknown,  
· 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. 



However, in the last meeting, for FR2, some companies think UL TCI state switch delay should be extended when the SSB is indicated as PL-RS. The reason is because, for SSB based L1-RSRP measurement, scaling factor N for beam sweeping is always assumed. However, to our understanding, it is too long and unnecessary if UE is required to measure the extra 5 PL-RS samples on each UE Rx beam. To be more precise, if target UL TCI state is known, that means UE has already known the best UE Rx beam to receive DL source RSs associated with the target UL TCI state. If target UL TCI state is unknown, firstly, UE will find the best UE Rx beam during TL1-RSRP. Thus, the best UE Rx beam can be used to receive DL source RSs associated with the target UL TCI state. Therefore, regardless of target TCI state is known or unknown, UE should measure the extra 5 PL-RS samples based on the best UE Rx beam. 

[bookmark: _Ref101443721]Proposal 6: For the case when SSB is indicated as PL-RS, reuse the existing delay requirement of MAC CE based UL TCI state switch.

2.3.2 Unknown PL-RS
In the last meeting, some companies propose to further define the requirement for some cases as option 2 in the following discussion.

	Issue 1-5-1 Whether to define MAC CE based PL-RS switching requirement when PL-RS is unknown
· Proposals
· Option 1(Intel, Ericsson, ZTE): 
· Re-use MAC CE based UL TCI state switch delay of unknown case.
· Option 2(Nokia): 
· 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.
· Apply MAC-CE based UL TCI switching delay requirement of known UL target TCI state,  when target PL-RS and source RS in UL/joint TCI are QCL-Type-D AND
· when the UL target TCI state is known but when the target pathloss reference signal is unknown  OR
· when the UL target TCI state is unknown but when the target pathloss reference signal is known.
· Option 3: No additional requirements are defined or needed



According to the clause 8.16.3 in TS 38.133 provided in section 2.3.1, the current MAC CE based TCI state switch delay requirement is depending on whether the target TCI state is known or not. Besides, based on the agreement in RAN4 #101b as below, RAN4 agreed not to specify additional PL-RS switching delay requirement. 

Agreement in RAN4 #101b
	Issue 1: PL-RS switching delay requirement for beam alignment case
· Don’t need to specify additional PL-RS switching delay requirement.



Thus, based on the above analysis, we prefer to keep the existing requirement, i.e. not to explicitly consider known condition of PL-RS in specification.

[bookmark: _Ref101443724]Proposal 7: For MAC CE based UL TCI state switch delay, the existing requirement is applicable regardless of whether PL-RS is known or unknown. No need to further discuss. 

2.3.3 TCI state list update delay
For R17 unified TCI state switch, whether to introduce unknown TCI state in TCI state list is still open now. In the legacy R15 and R16 requirement, there is no requirement when the TCI state in the list is unknown. To our understanding, the reason is because the requirement of the TCI state list update is to enable the DCI based switch. And the intention of DCI based switch is to quickly switch the TCI state. Therefore, to include the unknown TCI in list will make total delay longer and it seems conflict with the intention of DCI based switch. Based on this observation, for R17 unified TCI state switch, to keep the same requirement as R15/R16 is suggested.

[bookmark: _Ref101443727]Proposal 8: For MAC CE based TCI state list update, requirement is not applicable if unknown TCI state is included in the TCI state list.

2.4 TCI state-pair indication
For the TCI state-pair indication, network will indicate a TCI state containing 1 DL TCI state and 1 UL TCI state, and the source RSs for the 2 TCIs can be different. To our understanding, this case is one special case of separate mode unified TCI state switch. Thus, the same logic as separate mode  unified TCI state can be reused.

[bookmark: _Ref101292503][bookmark: _Ref101443729]Proposal 9: The existing requirement for unified TCI in clause 8.15 can already cover the MAC CE based and DCI based TCI state-pair indication. No additional requirement is needed. 

2.5 Non-serving cell
Below is an open issue regarding the number of the Nmax in the last meeting.

	Issue 1-6-2 MAC CE based TCI state list update delay for cell with different PCI
· For DL TCI state list update requirements in FR2, T_first_SSB should be scale by the number of cells associated with the target UL TCIs whose SSBs for tracking are overlapped, i.e. Nmax+1, where Nmax=1.
· FFS: delay requirement when Nmax >1·  
· For UL TCI state list update requirements in FR2, T_first_PL-RS and T_PL-RS should be scale by the number of cells associated with the target UL TCIs whose not-maintained PL-RSs are SSBs, and these SSBs are overlapped, i.e. Nmax+1, where Nmax=1.
· FFS: delay requirement when Nmax >1



According to the requirement of inter cell L1 measurement in TS 38.133 as follows, RAN4 agreed the number of Nmax = 1.

Content extracted from TS 38.133
	9.13.4    L1-RSRP measurement requirements
9.13.4.1    Inter-cell SSB based L1-RSRP Reporting
If a cell with PCI different from serving cell is known according 9.13.2, the UE shall be capable of performing L1-RSRP measurements based on the configured SSB resource for L1-RSRP computation, and the UE physical layer shall be capable of reporting L1-RSRP measured over the measurement period of TL1-RSRP_Measurement_Period_SSB_InterCell_Known.
The requirements specified in this clause is applicable if the number of cells with PCI different from seving cells Nmax, on which UE is required to perform inter-cell BM, is no more than one.



To our understanding, because, for non-serving cell, the TCI state switch will base on the results of inter cell L1-RSRP measurement. Thus, for the number of Nmax in unified TCI state, the same logic as inter cell L1 measurement can be reused. 

[bookmark: _Ref92112376]Proposal 10: For MAC CE based TCI state list update, requirement is not applicable if Nmax > 1.

3 Summary
In this paper, the discussion of unified TCI state switch is provided. We have the following proposal:
Observation 1: For common TCI state switch, one source RS, which is determined from indicated common TCI state ID, could be either across CCs or per CC 
Proposal 1: For common TCI state switch, RAN4 to introduce the delay requirement for one source RS per CC, where the source RS per CC is used to provide QCL information.
Observation 2: According to the field description of “cell” in QCL-Info in TS 38.331, QCL-Type C and D can be used for across CCs but not QCL-Type A and B.
Proposal 3: For common TCI state switch, if TCI states involving QCL-Type A and B, the requirement is defined per CC; if TCI states involving QCL-Type C and D, the requirement can be defined per CC or across CCs.
Proposal 4: Reuse the existing known condition, which can apply for both case of source RS per CC and source RS across CC. And it means that if the source RS is configured per CC, then the known condition is per CC; other wise the known condition is across CC.
Proposal 5: For DCI based UL and joint TCI state switch, the requirement is not applicable if the PL-RS of target TCI state is non-maintained.
Proposal 6: For the case when SSB is indicated as PL-RS, reuse the existing delay requirement of MAC CE based UL TCI state switch.
Proposal 7: For MAC CE based UL TCI state switch delay, the existing requirement is applicable regardless of whether PL-RS is known or unknown.
Proposal 8: For MAC CE based TCI state list update, requirement is not applicable if unknown TCI state is included in the TCI state list.
Proposal 9: The existing requirement for unified TCI in clause 8.15 can already cover the MAC CE based and DCI based TCI state-pair indication
Proposal 10: For MAC CE based TCI state list update, requirement is not applicable if Nmax > 1.
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