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1 Introduction
The unified framework introduced in Rel-17 intend to facilitate streamlined multi-beam transmission/reception. The Rel-18 WID for MIMO evolution for downlink and uplink is approved in RAN#94 [[endnoteRef:2]], where the use cases of unified TCI framework are extended from single-TRP (STRP) in Rel-17 to multi-TRP (MTRP) in Rel-18. The main issues have been fully discussed, and here we will share our views on some remaining/maintenance issues. [2: [] RP-223276, New WID: MIMO Evolution for Downlink and Uplink, RAN#98, December 12th - December 16th, 2022.] 

2 Discussion
In our consideration, to keep a clean design on the premise of meeting new requirements, the mechanism of Rel-17 unified TCI framework could be reused as much as possible in Rel-18. In the meanwhile, some designs in Rel-16 TCI for MTRP could also be adopted in Rel-18 to avoid repetitive discussion, which we believe should be one of the basic principles for design of unified TCI framework extension in Rel-18.
[bookmark: _Ref149730367][bookmark: _Ref149730387]On how to inform UE which indicated TCI state(s) that UE shall apply to aperiodic CSI-RS, the following agreements have been achieved in [[endnoteRef:3]] and [[endnoteRef:4]]: [3: [] Chair’s notes, RAN1#113, May 22nd - May 26th, 2023.]  [4: [] Chair’s notes, RAN1#112bis, April 17th - April 26th, 2023.] 

	[bookmark: chairnote_113]Agreement 
On unified TCI framework extension for M-DCI based MTRP, an RRC configuration can be provided to an aperiodic CSI-RS resource set or a CSI-RS resource in an aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the aperiodic CSI-RS resource set or to the CSI-RS resource in the aperiodic CSI-RS resource set, if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· The first and the second indicated joint/DL TCI states correspond to the indicated joint/DL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed)
· Support of ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ RRC configuration is up to UE capability

[bookmark: chairnote_112b]Agreement 
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed)
· FFS: If the UE is configured for CSI-RS resource set, for an aperiodic CSI-RS resource set configured with two Resource Groups for NCJT CSI and configured to follow unified TCI state, if above RRC configuration is not provided to the aperiodic CSI-RS resource set, the UE shall apply the first indicated joint/DL TCI state to the CSI-RS resource(s) in Group 1 and the second indicated joint/DL TCI state to the CSI-RS resource(s) in Group 2.
· ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ is up to UE capability


[bookmark: _Ref149745413]Based on agreements above achieved in [2] and [3] meeting, a newly introduced higher layer parameter, e.g., applyIndicatedTCIState-r18 of AssociatedReportConfigInfo, could be used to inform which indicated joint/DL TCI state to apply to aperiodic CSI-RS if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state. And the legacy parameter followUnifiedTCI-State is captured in CR in [[endnoteRef:5]] to be a “flag” for aperiodic CSI-RS to tell whether the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state or not. [5: [] R1-2308717, TS 38.214 CR, RAN1#114, August 21st - 25th, 2023.] 

To our understanding, however, no explicit parameter has been introduced to serve as the “flag”. The legacy parameter followUnifiedTCI-State is mainly configured for PDCCH rather than for CSI-RS, and there is no indication that it can be extended to CSI-RS. Therefore, considering no explicit flag is introduced, we can only use the new parameter applyIndicatedTCIState-r18 and/or legacy parameter qcl-info to determine whether the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state. Furthermore, in Clause 5.2.1.5.1 of current TS38.214 [4] the following TP is given.
--------------------------------------- Start of the TP for TS38.214-------------------------------------------
[bookmark: _Toc11352131][bookmark: _Toc20318021][bookmark: _Toc27299919][bookmark: _Toc29673190][bookmark: _Toc29673331][bookmark: _Toc29674324][bookmark: _Toc36645554][bookmark: _Toc45810599][bookmark: _Toc114223848]5.2.1.5.1 Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
<Unrelated part omitted>

[bookmark: _Hlk146211701]When a UE is configured with dl-OrJointTCI-StateList and is having two indicated TCI states, a higher layer configuration can be provided to an aperiodic CSI-RS resource set or a CSI-RS resource in an aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated TCI-State to the aperiodic CSI-RS resource set or to the CSI-RS resource in the aperiodic CSI-RS resource set, if applyIndicatedTCIState-r18 of CSI-AssociatedReportConfigInfo is provided the aperiodic CSI-RS resource set for CSI or BM is configured with followUnifiedTCI-State and if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold. 
-	If the UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in different ControlResourceSets, the first and the second indicated TCI-States correspond to the indicated TCI-States specific to coresetPoolIndex value 0 and value 1, respectively. 

<Unrelated part omitted>
--------------------------------------- End of the TP for TS38.214----------------------------------------
And for the case when applyIndicatedTCIState-r18 of CSI-AssociatedReportConfigInfo is not provided, the corresponding TCI state whose TCI-StateId is configured in qcl-info should be applied to AP CSI-RS.
Proposal 1 Considering the higher layer parameter followUnifiedTCI-State is not configured for CSI-RS, use both applyIndicatedTCIState-r18 of AssociatedReportConfigInfo and qcl-info to determine how to apply TCI state for AP CSI-RS, i.e.,
· If UE is configured with applyIndicatedTCIState-r18, apply the corresponding indicated TCI state according to applyIndicatedTCIState-r18
· If UE is not configured with applyIndicatedTCIState-r18, apply the corresponding TCI state whose TCI-StateId is contained in qcl-info of CSI-AssociatedReportConfigInfo

In Rel-17, if a UE has just completed initial random access or random access initiated by Reconfiguration with sync, it will assume a default QCL reference or DL and UL. And of course, the default QCL reference assumption in Rel-17 is for STRP operation.
Regarding the S-DCI based MTRP in Rel-18, the two TRPs share one single cell ID, and the initial access or random access initiated by Reconfiguration with sync is also intended to only one TRP. If the UE is configured in RRC to work in Rel-18 MTRP operation based on the default QCL reference which is only for one beam in downlink or uplink, there is no mechanism to ensure that the TCI state(s) indicated to UE for the first time include(s) both first and second TCI state. In this case, how to determine the first and second TCI states for MTRP needs to be considered.
[bookmark: Tabe1]Table 1 An Instance of Unified TCI State Activation MAC-CE Command
	TCI codepoint
	1st DL 
TCI state
	2nd DL
TCI state
	1st UL
TCI state
	2nd UL
TCI state

	TCI codepoint 0
	Yes
	No
	No
	No

	TCI codepoint 1
	Yes
	Yes
	No
	No

	TCI codepoint 2
	No
	No
	Yes
	Yes

	TCI codepoint 3
	Yes
	Yes
	Yes
	Yes

	TCI codepoint 4
	No
	No
	No
	Yes

	TCI codepoint 5
	Yes
	No
	No
	No

	TCI codepoint 6
	No
	No
	No
	Yes

	TCI codepoint 7
	No
	Yes
	No
	No


As a potential solution, if UE is indicated with a single first TCI state or a single second TCI state, it could apply the first or second indicated TCI state as if it is still working in STRP operation until both first and second indicated TCI state are indicated. Take one instance of TCI state activation MAC-CE command as shown in Table 1, not all the codepoints in the activation command contain both the first and the second TCI state. At the very beginning immediately after initial access or random access initiated by Reconfiguration with sync, if UE is indicated with a TCI codepoint with one single DL TCI state, such as TCI codepoint 0, then the first indicated DL TCI state will be used to replace the default DL QCL reference. After that, if UE is still indicated with a single DL state, such as TCI codepoint 7, the second indicated DL TCI state shall be used to replace the single DL TCI state currently used. Until a TCI codepoint with two TCI states are indicated to UE, such as TCI codepoint 1, the two indicated TCI states shall be used as the QCL references for both DL links corresponding two TRPs. After that the UE begins Rel-18 MTRP operation at least for downlink.
Proposal 2 On unified TCI framework extension for S-DCI based MTRP operation, if UE has just completed initial random access or random access initiated by Reconfiguration with sync, when a single first or a single second indicated TCI state is indicated, UE shall apply the single first or single second indicated TCI state as if it is still working in STRP operation until both first and second indicated TCI states are indicated.

[bookmark: _Ref149745906]On the TCI state association for PUCCH transmission, agreements are reached in past meetings [[endnoteRef:6]]: [6: [] Chair’s notes, RAN1#112, February 27th - March 3rd, 2023.] 

	Agreement
On unified TCI framework extension for M-DCI based MTRP, support at least Opt2 for PUCCH transmission, and Opt1 is not supported
· Note: Opt3 and Opt4 are not precluded

Agreement
On unified TCI framework extension for M-DCI based MTRP, down-select from the following options for PUCCH transmission:
· Opt1: A coresetPoolIndex value can be provided per PUCCH resource/resource group, and the UE shall apply the indicated joint/UL TCI state specific to the coresetPoolIndex value to the corresponding PUCCH transmission
· Opt2: An RRC configuration can be provided per PUCCH resource/resource group to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding PUCCH transmission, where the first and the second indicated joint/DL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
· Opt3: For a PUCCH transmission triggered by PDCCH on a CORESET when the UCI in the PUCCH transmission carries HARQ-ACK information only, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is determined from the one associated with the CORESET. Otherwise, either Opt1 or Opt2 is adopted.
· FFS: Whether Opt3 applies only when the UE is not provided with ackNackFeedbackMode = joint
· Opt4: For a PUCCH transmission with an LRR trigged for either the first BFD-RS set () or the second BFD-RS set () when the UE is provided only one or two schedulingRequestID-BFR configuration, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is 1 when the LRR is trigged for the first BFD-RS set () and the coresetPoolIndex value is 0 when the LRR is trigged for the second BFD-RS set (). Otherwise, either Opt1 or Opt2 is adopted.
Note: Either Opt1 or Opt2 must be supported


Opt2 could provide per PUCCH resource/resource group a basic method in RRC configuration about how to apply the indicated TCI state according to value of coresetPoolIndex. However, for some special cases, such as the transmission of PUCCH carrying HARQ-ACK information only, using only Opt2 might cut off the natural association already adopted in Rel-16 between TCI state and coresetPoolIndex and accordingly the association between coresetPoolIndex and a TRP.
Regarding PUCCH transmission scheduled by a DCI in Rel-16, UE can perform HARQ-ACK feedback carried by PUCCH which carries only HARQ-ACK information for downlink data transmitted by each TRP in two modes, i.e., separate HARQ-ACK feedback (ackNackFeedbackMode = ‘separate’) and joint HARQ-ACK feedback (ackNackFeedbackMode = ‘joint’). If configured with joint feedback mode, UE shall feedback the HARQ-ACK of two TRPs to one of the two TRPs. If configured with separate HARQ-ACK feedback mode, however, UE shall feedback HARQ-ACK corresponding to different TRP using independent PUCCH resource. Specifically, UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the HARQ-ACK transmission corresponding to the PDSCH scheduled by PDCCH on a CORESET that is associated with the same coresetPoolIndex. The association way for PUCCH with separate HARQ-ACK with indicated joint/UL TCI state could be reused in Rel-18, which is also provided as in Opt3. Hence, for Opt3 and Opt4, at least Opt3 should be adopted.
Proposal 3 On unified TCI framework extension for M-DCI based MTRP, support at least Opt3 as a supplement to Opt2 for PUCCH transmission, i.e.,
· Opt3: For a PUCCH transmission triggered by PDCCH on a CORESET when the UCI in the PUCCH transmission carries HARQ-ACK information only, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is determined from the one associated with the CORESET. Otherwise, either Opt1 or Opt2 is adopted.
· FFS: Whether Opt3 applies only when the UE is not provided with ackNackFeedbackMode = joint

MTRP transmission intends to improve DL data rate/spectral efficiency, but an essential prerequisite is needed that the channel quality of direct/indirect channels between UE and both TRPs is good enough. For some special cases such that one of the links is blocked for a long time, switching from MRRP transmission to STRP transmission for all channels/signals is quite necessary, which could avoid unwanted processing complexity and energy consumption for UE. On the contrary, when the channel blocked quality becomes good again, e.g., when the blocking object disappears, or UE moves out of the blocked aera, switching from SRRP transmission to MTRP transmission is also quite necessary. Therefore, there should be a mechanism to configure/determine whether a UE is working in STRP or MTRP operation. In other words, how to configure/determine that a CC is operated in STRP or in Rel-18 unified TCI framework extension for S-DCI based MTRP or should be considered.
[bookmark: _Ref141902518]If dynamic switching between Rel-17 unified TCI framework and Rel-18 unified TCI framework extension for S-DCI based MTRP is supported, on how to configure/determine that a CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP, we have the discussion in last meeting [[endnoteRef:7]]: [7: [] R1-2310207, Moderator summary on extension of unified TCI framework (Round 1), RAN1#114bis, October 9th - October 13th, 2023.] 

	Question 2: If the answer to Q1 is yes (i.e., support dynamic switching based on MAC-CE TCI state activation command), which one of the following alternatives should be adopted?
· Alt1:
· A CC/BWP is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if Rel-18 TCI state activation command (MAC-CE) where at least one first joint/DL/UL TCI state and at least one second joint/DL/UL TCI state are activated where at least one activated TCI codepoint is mapped with both the first and second join/DL/UL TCI states is received and applied to the CC/BWP
· A CC/BWP is operated in Rel-17 unified TCI framework if Rel-18 TCI state activation command (MAC-CE) where all activated TCI codepoint(s) is mapped with either only the first joint/DL/UL TCI state(s) or only the second joint/DL/UL TCI state(s) is received and applied to the CC/BWP
· A CC/BWP is operated in Rel-17 unified TCI framework if Rel-17 TCI state activation command (MAC-CE) is received and applied to the CC/BWP
· Alt2:
· A CC/BWP is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if Rel-18 TCI state activation command (MAC-CE) is received and applied to the CC/BWP
· A CC/BWP is operated in Rel-17 unified TCI framework if Rel-17 TCI state activation command (MAC-CE) is received and applied to the CC/BWP
· [bookmark: _Hlk143070374]Alt3: Introduce a field in Rel-18 TCI state activation command (MAC-CE) to explicitly indicate that a CC/BWP is operated in Rel-17 unified TCI framework or Rel-18 unified TCI framework extension for S-DCI based MTRP


We think Alt1 allows the Rel-18 TCI state activation command (MAC-CE) for more flexibilities that the switching between MTRP and STRP operation could be indicated using only one format of MAC-CE. On the other way, however, Alt1 seems to some extent not aligned with the agreement in [5]:
	Agreement
On unified TCI framework extension for S-DCI based MTRP operation, support the followings:
· For a serving cell configured with joint DL/UL TCI ode, a full-set or any sub-set of {first joint TCI state, second joint TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· For a serving cell configured with separate DL/UL TCI mode, a full-set or any sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· TCI state activation command (MAC-CE) should indicate that each joint/DL/UL TCI state mapped to a TCI codepoint is the first or second joint/DL/UL TCI state (detail on how to indicate above is up to RAN2 design)
· The first/second indicated joint/DL/UL TCI state(s) is updated according to the corresponding first/second joint/DL/UL TCI state(s) mapped to the TCI codepoint received by the UE
· If the UE receives a TCI codepoint mapped with a sub-set of {first joint TCI state, second joint TCI state} or {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state}, the UE shall update the first/second indicated joint/DL/UL TCI state(s) according to the first/second joint/DL/UL TCI state(s) in the subset and keep other indicated first/second joint/DL/UL TCI state(s) that is not updated by the received TCI codepoint


According to the agreement in [5] if a sub-set of {first joint TCI state, second joint TCI state} or {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} is indicated to UE, the UE shall update the first/second indicated joint/DL/UL TCI state(s) according to the first/second joint/DL/UL TCI state(s) in the subset and keep other indicated first/second joint/DL/UL TCI state(s) that is not updated by the received TCI codepoint. That is to say, even if all activated joint/DL/UL TCI states in the TCI state activation command are the first joint/DL/UL TCI states or the second joint/DL/UL TCI states, they should be taken to update the corresponding TCI states currently used according to agreement in [5] and the TCI state(s) indicated in DCI is/are still for MTRP, whereas not likely to be used to indicate that UE is in STRP operation according to aforementioned Alt1.
Considering the practical necessity of indicating between STRP and MTRP as expounded above and meanwhile not to violate the agreement already reached, some additional restrictions should be introduced based on the Alt1 mentioned above. For the agreement in [5], only if the UE currently has already applied a full set of {first joint TCI state, second joint TCI state} or {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} can the indicated TCI states in one indicated subset of TCI states be used to update the corresponding TCI states currently used, or in other words, the UE should be working in MTRP operation, and then the agreement in [5] could take effect. In the case if UE is not working in MTRP operation, e.g., immediately after initial random access, the agreement does not apply while the bullets related to Rel-18 TCI state activation command (MAC-CE) in Alt1 above would apply, adding a restriction. Therefore, we have the following proposal.
Proposal 4 [bookmark: _Hlk141906928]On how to configure/determine that a CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP, if a UE has just completed initial random access, and if the UE receives RRC configurations with MTRP operation and applies an Rel-18 TCI state activation command (MAC-CE) for S-DCI based MTRP operation to a CC/BWP:
· If all activated joint/DL/UL TCI states in the TCI state activation command are the first joint/DL/UL TCI states or the second joint/DL/UL TCI states, the CC/BWP is operated in Rel-17 unified TCI framework 
· Otherwise, the CC/BWP is operated in Rel-18 unified TCI framework for S-DCI based MTRP operation


3 Conclusion
Proposal 1 Considering the higher layer parameter followUnifiedTCI-State is not configured for CSI-RS, use both applyIndicatedTCIState-r18 of AssociatedReportConfigInfo and qcl-info to determine how to apply TCI state for AP CSI-RS, i.e.,
· If UE is configured with applyIndicatedTCIState-r18, apply the corresponding indicated TCI state according to applyIndicatedTCIState-r18
· If UE is not configured with applyIndicatedTCIState-r18, apply the corresponding TCI state whose TCI-StateId is contained in qcl-info of CSI-AssociatedReportConfigInfo
Proposal 2 On unified TCI framework extension for S-DCI based MTRP operation, if UE has just completed initial random access or random access initiated by Reconfiguration with sync, when a single first or a single second indicated TCI state is indicated, UE shall apply the single first or single second indicated TCI state as if it is still working in STRP operation until both first and second indicated TCI states are indicated.
Proposal 3 On unified TCI framework extension for M-DCI based MTRP, support at least Opt3 as a supplement to Opt2 for PUCCH transmission, i.e.,
· Opt3: For a PUCCH transmission triggered by PDCCH on a CORESET when the UCI in the PUCCH transmission carries HARQ-ACK information only, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is determined from the one associated with the CORESET. Otherwise, either Opt1 or Opt2 is adopted.
· FFS: Whether Opt3 applies only when the UE is not provided with ackNackFeedbackMode = joint
Proposal 4 On how to configure/determine that a CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP, if a UE has just completed initial random access, and if the UE receives RRC configurations with MTRP operation and applies an Rel-18 TCI state activation command (MAC-CE) for S-DCI based MTRP operation to a CC/BWP:
· If all activated joint/DL/UL TCI states in the TCI state activation command are the first joint/DL/UL TCI states or the second joint/DL/UL TCI states, the CC/BWP is operated in Rel-17 unified TCI framework 
· Otherwise, the CC/BWP is operated in Rel-18 unified TCI framework for S-DCI based MTRP operation
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