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1 	Introduction
In the last meeting, some open issues in WF [1] were discussed without conclusion yet, e.g. active TCI sate for UL, TCI state switch delay requirement when SSB indicated as PL-RS, and common TCI state, … , etc. Our views on these issues are provided in this paper.
2 Discussion
2.1 Active TCI state for UL
Some companies propose to clarify the UL TCI state in the last meeting. The corresponding WF is provided below.
	Issue 1-1-1 Active TCI state for UL
· Further discuss whether LS is needed for clarifying ‘active UL TCI state’ the following issues:
· i: If the UL (or joint) TCI state is activated, should a UE track UL TCI state timing and/or frequency derived from DL-RS associated with UL TCI state (or joint) TCI as a UE does for active DL-TCI?
· i-1: What DL-RS can be used to track timing and/or frequency for active UL TCI for non-serving cell? Specifically, how can a UE track timing and/or frequency, if SRS is indicated as source RS in the active UL TCI? 
· ii: If a UE maintains the PL-RS of the activated UL TCI state (or joint) TCI state by the RAN1 agreement, the UE should maintain all of PL-RSs in the activated UL TCI (or joint) TCIs to support inter-cell or mTRP scenarios? 
· ii-1: What is a UE capability to measure pathloss to support the active UL TCI list in inter-cell and mTRP?
(Note : there is no UE capability indication on pathloss measurement in TS38.306 capability spec )



For the question i, we tend to believe most companies’ view in the last meeting that UE should derive the timing of UL TCI state based on DL. Besides, our thinking is that, typically, beam correspondence should be applied in the real field. So, to our understanding, the source RS in UL TCI state should be subset of source RS in DL TCI state. In that case, the additional timing tracking is no longer needed for UL TCI state.  

[bookmark: _Ref110950969]Proposal 1: The source RS in active UL TCI state should be subset of source RS in DL TCI state to guarantee the timing of UL TCI state is under tracking.

For the question i-1, because we have agreed in RAN4 the delay requirement of UL TCI state switch follows the same logic as legacy requirement which means the requirement is defined when target TCI is associated with DL-RS. The corresponding agreement is provided below for reference.

Agreement in RAN4 #101-e
	· Define the following requirements
· UL TCI state switching delay requirements when target TCI is associated with DL-RS



Therefore, our thinking is we do not need to discuss the case when SRS is indicated as source RS in the active UL TCI. So, as far as we know, only SSB carrying different PCI from serving cell can be used to track timing and/or frequency for active UL TCI for non-serving cell. 

[bookmark: _Ref110950972]Observation 1: For UL TCI state, RAN4 has agreed the requirement is defined when the TCI state is associated with DL-RS, i.e. no need to consider SRS.

For question ii, we agree with some companies’ observation that it is not consistent between limitation of the number of maintained PL-RS (up to 4 PL-RSs are maintained at a time) and the number of active TCI state (up to 8 TCI states are active at a time). However, our understanding is that network should use that 4 PL-RS to configure 8 active TCI states, i.e. some active TCI states may share the same PL-RS configuration. So, if this is the case, the inconsistency between number of PL-RS and active TCI state would be fine.

[bookmark: _Ref110950974]Observation 2: For PL-RS, network should configure up to 4 PL-RS for 8 active TCI states, i.e. some active TCI states may share the same PL-RS configuration.

2.2 Join TCI state switching
For the joint TCI state switching, some companies think there is an inconsistency between agreement and spec. The agreement and spec are provided below for reference.

Agreement in RAN4 # 101b-e

	MAC-CE based joint UL and DL TCI state switching delay
· No extra requirement needed for Joint TCI mode, DL and UL requirements can be applicable independently
· Note: it is not expected that UE will be required to make DL reception or UL transmission before UE completes the DL or UL TCI state switching, respectively
· FFS for test procedure for Joint TCI mode



Content extracted from clause 8.16.3 of TS 38.133
	8.16.3	MAC-CE based uplink TCI state switch delay
…
[In case of joint TCI state switch, UE is not expected to transmit on UL before UE completes the DL and UL TCI state switch.]



To our understanding, we should follow the agreement we made before. In other words, the UE can perform DL reception and UL transmission when the DL TCI state and UL TCI state switch are completed.

[bookmark: _Ref110950975]Observation 3: For joint TCI state switch, UE is required to make DL reception or UL transmission before UE completes the DL or UL TCI state switching, respectively.

2.3 MAC CE based UL TCI state switch delay
In the previous meeting, some companies propose to extend the existing delay requirement when the SSB is indicated as PL-RS. The existing delay requirement is provided below. 

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. 



The reason why some companies think UL TCI state switch delay can 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: _Ref110950979]Proposal 2: For the case when SSB is indicated as PL-RS, reuse the existing delay requirement of MAC CE based UL TCI state switch.

2.4 Common TCI state
For common TCI state, it can be used to switch the TCI state on multiple CCs by using one indication/command. Before we discuss the details, we would like to discuss our understanding on common TCI state first and then discuss the following two open issues.
· Common TCI state switch delay requirement
· Whether QCL Type C can be switched by common TCI state

Our understanding on common TCI state
Two RRC messages are discussed in the last meeting (1) simultaneousTCI-UpdateList1/2/3/4-r17 (2) unifiedTCI-StateRef and we would like to use the Figure 1 to explain the relation between these two RRC messages (take simultaneousTCI-UpdateList1 as an example)

[image: ]
[bookmark: _Ref110708090]Figure 1. illustration of simultaneousTCI-UpdateList and unifiedTCI-StateRef.

To our understanding, according to TS 38.213, UE may receive a common TCI state ID to switch the TCI state on the multiple cells which are included in CC list “simultaneousTCI-UpdateList1/2/3/4-r17”.

Content extracted from TS 38.213
	When tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, the UE with activated DLorJointTCIState or UL-TCIState  receives DCI format 1_1/1_2 providing indicated DLorJointTCIState or UL-TCIState for a CC or all CCs in the same CC list configured by simultaneousTCI-UpdateList1-r17, simultaneousTCI-UpdateList2-r17, simultaneousTCI-UpdateList3-r17, simultaneousTCI-UpdateList4-r17. 
…



For example, when UE receives a DCI indicating TCI state #2, UE will apply the common TCI state (TCI state #2) for the all CCs in the simultaneousTCI-UpdateList1. Please note that, the content of the TCI state #2 in cell1 (TCI state list #1) and cell2 (TCI state list #2) may be different, e.g. cell id, bwp id and source RS. To make it clearer, the structure of the RRC message is provided below. 

	TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                            OPTIONAL,   -- Need R
    ...,
    [[
    additionalPCI-r17                   AdditionalPCIIndex-r17          OPTIONAL,   -- Need R
    pathlossReferenceRS-Id-r17          PUSCH-PathlossReferenceRS-Id OPTIONAL,   -- Cond JointTCI
    ul-powerControl-r17                 Uplink-powerControlId-r17      OPTIONAL    -- Cond JointTCI
   
    ]]

}

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},
    ...
}

	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.






As you can see, the source RS may be configured on the other cell, and, to our understanding, the R17 common TCI state in each cell should follow the “cell” description because there is no any limitation to R17 feMIMO.

[bookmark: _Ref110713592][bookmark: _Ref110950983]Observation 4: The source RS in target TCI state for a CC which is in the simultaneousTCI-UpdateList may be configured on the other CC, and the limitation of the QCL Type should follow the description of “cell” field.

For the unifiedTCI-StateRef, as following RRC signalling structure, the serving cell index and bwp id are provided for UE to indicate which cell’s TCI state list should be referred. The intention of “unifiedTCI-StateRef” is to reduce the loading of the RRC message to save the memory.

	PDSCH-Config ::=                        SEQUENCE {
   ..
    dl-OrJoint-TCIStateList-r17                  CHOICE {
        explicitlist                                 SEQUENCE {
            dl-orJoint-TCI-State-ToAddModList-r17        SEQUENCE (SIZE (1..maxNrofTCI-States)) OF TCI-State
                                                                                                            OPTIONAL,   -- Need N
            dl-orJoint-TCI-State-ToReleaseList-r17       SEQUENCE (SIZE (1..maxNrofTCI-States)) OF TCI-StateId
                                                                                                            OPTIONAL    -- Need N
        },
        unifiedTCI-StateRef-r17                  ServingCellAndBWP-Id-r17
    }                                                                                                       OPTIONAL,   -- Need R
…
}


ServingCellAndBWP-Id-r17 ::= SEQUENCE {
    servingcell-r17              ServCellIndex,
    bwp-r17                      BWP-Id
}



 
The description of unifiedTCI-StateRef from TS 38.331
	unifiedTCI-StateRef
Provides the serving cell and BWP where the configuration for dl-orJoint-TCI-State-ToAddModList-r17 in this IE for this serving cell and BWP. When this field is present, dl-OrJoint-TCI-State-ToAddModList and or dl-Joint-TCI-State-ToReleaseList are not present.



So, for the cell # 4 in Figure 1, its TCI state list can refer to the cell which is in or not in the same CC list. However, to our understanding, even though the TCI state list of cell #4 refer to another cell, the TCI state structure mentioned above should be applied. In other words, the source RS could also configured on the other CC and the limitation of QCL Type should be applied too.

[bookmark: _Ref110713593][bookmark: _Ref110950984]Observation 5: The source RS in target TCI state which is provided by unifiedTCI-StateRef manner may be configured on the other CC and the limitation of QCL Type should also follow the description in “cell” field.

Common TCI state switch delay requirement
So based on our Observation 4 and Observation 5, our thinking is regardless of unifiedTCI-StateRef is configured to a cell or not. The source RS in common TCI state may be configured on itself CC or on the other CC. Therefore, we suggest no need to differentiate the requirements based on the signaling, e.g. unifiedTCI-StateRef or simultaneousTCI-UpdateList. We can define the requirements in TS 38.133 for both cases: 1) the source RS is configured on its own cell and 2) otherwise. The delay requirement for a CC without source RS can follow the reference CC. 

[bookmark: _Ref110950992]Proposal 3: For common TCI state switch delay requirement, suggest to define the requirement without differentiating the triggering signaling, e.g. unifiedTCI-StateRef or simultaneousTCI-UpdateList. 

Whether QCL Type C can be switched by common TCI state

Per our Observation 4 and Observation 5, to our understanding, QCL-Type C can be used for cross CC case.

[bookmark: _Ref110950993]Proposal 4: For common TCI state switch, if TCI states involving QCL-Type C, the requirement can be defined per CC or across CCs.


2.5 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 5: For MAC CE based TCI state list update, requirement is not applicable if unknown TCI state is included in the TCI state list.

3 Summary
In this paper, the discussion of unified TCI state switch is provided. We have the following proposal:
Proposal 1: The source RS in active UL TCI state should be subset of source RS in DL TCI state to guarantee the timing of UL TCI state is under tracking.
Observation 1: For UL TCI state, RAN4 has agreed the requirement is defined when the TCI state is associated with DL-RS, i.e. no need to consider SRS.
Observation 2: For PL-RS, network should configure up to 4 PL-RS for 8 active TCI states, i.e. some active TCI states may share the same PL-RS configuration.
Observation 3: For joint TCI state switch, UE is required to make DL reception or UL transmission before UE completes the DL or UL TCI state switching, respectively.
Proposal 2: For the case when SSB is indicated as PL-RS, reuse the existing delay requirement of MAC CE based UL TCI state switch.
Observation 4: The source RS in target TCI state for a CC which is in the simultaneousTCI-UpdateList may be configured on the other CC, and the limitation of the QCL Type should follow the description of “cell” field.
Observation 5: The source RS in target TCI state which is provided by unifiedTCI-StateRef manner may be configured on the other CC and the limitation of QCL Type should also follow the description in “cell” field.
Proposal 3: For common TCI state switch delay requirement, suggest to define the requirement without differentiating the triggering signaling, e.g. unifiedTCI-StateRef or simultaneousTCI-UpdateList.
Proposal 4: For common TCI state switch, if TCI states involving QCL-Type C, the requirement can be defined per CC or across CCs.Proposal 5: For MAC CE based TCI state list update, requirement is not applicable if unknown TCI state is included in the TCI state list.
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