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1. Introduction
In this contribution, we discuss some issues related to unified TCI framework extension for multiple-TRP scenario. In Rel-18 MIMO WID [1], RAN Plenary has agreed to specify extension of Rel-17 unified TCI to indicate multiple DL and UL TCI states. The target use case is multi-TRP scenario. In previous RAN1 meetings [2] [3] [4], RAN1 has made some agreements with respect to beam indication and beam association with channels/RSs, as shown in the followings. In subsequent sections, we discuss and provide our opinions on these related issues. 
	RAN1 #109(e)
Agreement
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
· Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP 

Agreement
On unified TCI framework extension at least for single-DCI based MTRP, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate multiple joint/DL/UL TCI states in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Detail of mapping joint/DL/UL TCI state ID(s) to a TCI codepoint, e.g., possible combinations of joint, DL, and/or UL TCI state IDs that can be mapped to a TCI codepoint
· FFS: Whether to increase the max number of MAC CE activated TCI codepoints, i.e., more than 8 codepoints
· FFS: Whether to increase the max number of TCI field bits, i.e., more than 3 bits
· Note: This doesn't imply that support of one additional TCI field or a field associating the TCI field to the TRP(s) is precluded
Note: The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS

RAN1 #110
Agreement
On unified TCI framework extension, at least for the target use cases agreed in RAN1#109-e in AI 9.1.1.1, up to 4 TCI states can be indicated in a CC/BWP or a set of CCs/BWPs in a CC list to DL receptions and/or UL transmissions, where these TCI states are indicated/updated by MAC-CE/DCI with the necessary MAC-CE based TCI state activation
· FFS: The possible combination(s) of joint/DL/UL TCI states that can be indicated to DL receptions and/or UL transmissions in a BWP/CC/TRP
· Note: This agreement does not imply that there will be more than 2 DL or UL or joint TCI states indicated in a CC/BWP for the target use cases agreed in RAN1#109-e in AI 9.1.1.1
· Note: The maximum number of TCI states that can be indicated to each of the target use cases agreed in RAN1#109-e in AI 9.1.1.1 is remained the same as in Rel-16/17
Note: The maximum number of TCI states that can be indicated simultaneously to CJT-based PDSCH reception and the required type(s) of TCI states (i.e., DL /UL/joint) are independently discussed in this AI

RAN1 #110b(e)
Agreement: 
On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN, support the following:
· Use RRC configuration to inform that the UE shall apply the first one, the second one, both, or none of the joint/DL TCI states indicated by DCI/MAC-CE to a CORESET or a group of CORESETs (if CORESET group configuration is supported)

Agreement
On unified TCI framework extension for M-DCI based MTRP:
· The UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDCCH on a CORESET that is associated with the same coresetPoolIndex value
· The UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDSCH scheduled/activated by PDCCH on a CORESET that is associated with the same coresetPoolIndex value
· FFS: Other channel(s)/signal(s) that has explicit or implicit association with a coresetPoolIndex value
· FFS: Other channel(s)/signal(s) that doesn’t have association with a coresetPoolIndex value
Above are applicable to the CORESET(s) that is configured/allowed to follow the indicated joint/DL TCI state
FFS: The configuration/rule to configure/allow CORESET(s) to follow the indicated joint/DL TCI state, including the option to reuse the same configuration/rule as in Rel-17 unified TCI framework

Agreement
On unified TCI framework extension, study the following enhancements for TRP-specific BFR:
· Implicit BFD-RS determination based on the indicated joint/DL TCI states for S-DCI based MTRP
· Enhancement to beam update after NW response to TRP-specific BFR request



2. Discussion
In previous RAN1 meetings, companies have discussed a lot on possible combinations of indicated unified TCI states. In addition, how to associate indicated unified TCI states with each channel and RS is also a hot issue on the table. In our views, before concluding these issues, there is one essential issue that RAN1 should first conclude. That is, what is the meaning that when only one unified TCI state is indicated in S-DCI mode?  
In details, in S-DCI mode, if the beam indication DCI/MAC-CE indicates only one TCI state for a serving cell, which following case does it stand for?  
· Case 1: It may be still M-TRP mode now in the serving cell; network just wants to update the common beam for one TRP
· Case 2: It is now S-TRP mode in the serving cell. No association is needed to indicate for each channel and RS 
For Case 1, how to switch M-TRP and S-TRP mode, and whether to switch it dynamically can be further discussed. For Case 2, it may mean that switching between M-TRP and S-TRP is done dynamically by number of indicated TCI states. Also, network is not able to indicate one TCI just for updating one beam of a TRP when operating in M-TRP mode. Since this general issue would have an impact on future detailed design, we suggest that RAN1 should tackle this issue first. 
In our views, Case 1 should be supported; otherwise, when NW operates M-TRP mode and would like to update one beam for just one TRP, NW needs to indicate two beams simultaneously. Such behavior is not quite efficient from signaling overhead perspective.  
Proposal 1: RAN1 to discuss, in S-DCI mode, whether M-TRP mode is operated in a serving cell when only one unified TCI for a TRP is indicated for the serving cell.  
Proposal 2: Support that NW can update beams for one TRP by just indicating unified TCIs for the TRP while still maintaining M-TRP mode. 
The following proposal related to PDSCH beam association has been discussed over the previous meetings. 
	Proposal 3.A: On unified TCI framework extension for S-DCI based MTRP, down-select one or combine following alternatives for PDSCH reception (make decision in RAN1#111):
· Alt1: Use a DCI format 1_1/1_2 to inform which joint/DL TCI state(s) indicated by MAC-CE/DCI that the UE shall apply to PDSCH reception
· FFS: Informed by the existing TCI field or an indicator field other than the existing TCI field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 1_1/1_2
· FFS: Applying to the PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2 or all PDSCH receptions after the DCI format 1_1/1_2
· FFS: Application time for applying the indicated joint/DL TCI state(s) informed by the DCI format 1_1/1_2 
· FFS: Only DCI format 1_1/1_2 with DL assignment can inform the TCI association, or both DCI format 1_1/1_2 with and without DL assignment can inform the TCI association
· Alt2: Use RRC configuration to inform which joint/DL TCI state(s) indicated by MAC-CE/DCI that the UE shall apply to PDSCH reception
· FFS: The RRC configuration is provided to a PDSCH-Config or a CORESET/CORESET group


In our opinion, Alt1 can provide more flexibility and reduce the latency resulted from switching association. However, there is issue on how UE assumes the association indicated by a beam indication DCI before decoding the beam indication DCI successfully. If no specific behaviour is pre-indicated, UE may need to prepare both beams of two TRPs for receiving a potentially scheduled PDSCH, which consumes UE’s power a lot. In the middle of RAN1#110bis (e), the following compromised proposal was raised and discussed. 
	[bookmark: _Hlk117063036]Proposal 3.A.1: On unified TCI framework extension for S-DCI based MTRP, the followings are supported for PDSCH reception:
· The indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception by default is determined based on either RRC configuration or a fixed rule
· FFS: Determined based on RRC configuration or a fixed rule
· A DCI field in a DCI format 1_1/1_2 is used to indicate which of the indicated joint/DL TCI state(s) the UE shall apply for PDSCH reception 
· The presence of the DCI field is configurable by RRC
· If the DCI field is not present, the UE applies the default indicated joint/DL TCI state(s) determined by above RRC configuration or the fixed rule to PDSCH reception
· FFS: Whether/how to define the application time for applying the indicated joint/DL TCI state(s) informed by the DCI format 1_1/1_2
· FFS: Before the application time (if defined), the UE applies the default indicated joint/DL TCI state(s) determined by above RRC configuration or the fixed rule to PDSCH reception
· FFS: The DCI field is a new DCI field or an existing DCI field
· FFS: Only DCI format 1_1/1_2 with DL assignment can inform the TCI association, or both DCI format 1_1/1_2 with and without DL assignment can inform the TCI association


From the above compromised proposal, NW has the flexibility to choose whether to enable DCI signalling for dynamic indication for beam association. In addition, the default beam issue can be addressed by RRC signalling. However, one may argue that the default beam issue can actually be resolved by a rule-based method. 
We observe that from Proposal 3.A and Proposal 3.A.1 in last meeting, the middle ground is to have a DCI field to indicate which of the indicated joint/DL TCI state(s) the UE shall apply for PDSCH reception (note that the majority was to support Alt1 when discussion Proposal 3.A). Regarding the default beam issue, we can down-select from RRC-based method and rule-based method. Hence, for progress, we suggest the following proposals. 
Proposal 3: Support introducing a DCI field in a DCI format 1_1/1_2 to indicate which of the indicated joint/DL TCI state(s) the UE shall apply for PDSCH reception. FFS how to address the default beam issue. 
Proposal 4: Down-select one of the followings to tackle default beam issue for indicating PDSCH beam association
· Alt 1: RRC-based method
· Alt 2: Rule-based method 
The following agreement related to PUSCH beam association has been agreed in last meeting. 
	Agreement
On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111 for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2:
· Alt1: Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
· Alt2: PUSCH transmission scheduled/activated by the DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2
· FFS : PL-RS(s), and UL PC parameter setting(s) (including P0, alpha, and closed loop index) for the PUSCH


We support Alt 1 to align with what we had in Rel-17 UL repetition scheme for M-TRP. In our views, NW can handle the potential misalignment between indicated unified TCI and the spatial domain transmission filter(s) used for the SRS resource(s). 
Proposal 5: For PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 for S-DCI based MTRP, Alt 1 is adopted, i.e., use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2.   
The following agreement related to PUCCH beam association has been agreed in last meeting. 
	Agreement
On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111 for PUCCH transmission:
· Alt1: Use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group
· Alt2: Use RRC configuration to inform the association between a CORESET group and a PUCCH resource/group, and the indicated joint/UL TCI state(s) associated with the CORESET group applies to the PUCCH resource/group associated with the same CORESET group
· Alt3: Use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group
· Note: the association indicates whether the UE shall apply the first one, the second one, or both of the joint/UL TCI states indicated by DCI/MAC-CE to a PUCCH resource/group


We support using MAC-CE to indicate beam association for PUCCH. Note that in legacy, MAC-CE is used to indicate/update beam for PUCCH resource. We should follow the same design spirit to indicate beam association for PUCCH resource. In addition, we don’t think configuring CORESET group brings huge benefit to the unified TCI framework. In conclusion, we suggest the following proposal. 
Proposal 6: For PUCCH transmission for S-DCI based MTRP, Alt3 is adopted, i.e., use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group. 
In RAN1#110bis (e), RAN1 discussed how to indicate unified TCI by DCI for S-DCI based M-TRP. The following agreement related to S-DCI beam indication is agreed. 
	Agreement
On unified TCI framework extension for S-DCI based MTRP , down-select one alternative from the followings in RAN1#111:
· Alt1: In one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL /UL TCI state(s) for one of the two TRPs or both TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· Alt2: In one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL /UL TCI state(s) only specific to one of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· Note: According to the agreement in RAN1#109-e, support of one additional TCI field or a field associating the TCI field to the TRP(s) is not precluded
Note: It has been agreed to use the existing TCI field for TCI state indication for S-DCI based MTRP in RAN1#109e
Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS
FFS: The behavior if the UE receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP


We recall that, in RAN1 #109(e), RAN1 has agreed to support that, for M-TRP S-DCI mode, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate multiple joint/DL/UL TCI states in a CC/BWP or a set of CCs/BWPs in a CC list. However, the details are still unclear. Considering impact brought by multiple TRP, current 3-bit TCI field (i.e., 8 TCI field codepoints) may not be enough to indicate all possible combinations. Not mention more combinations would emerge from subsequent discussions when coming to separate TCI mode. One more critical issue is how UE understands which TRP is associated with an indicated TCI. UE needs to understand this information for updating all channels/RSs, which are associated with the TRP and suitable for applying unified TCI. Based on these factors, we suggest adding another one TCI field. In such way, the first/original TCI field can apply for a TRP, and the second/newly-added TCI field can apply for the other TRP. Based on above discussion, we proposal the following proposals. 
Proposal 7: Add an additional TCI field for indicating unified TCI under multiple-TRP scenario, at least for S-DCI based MTRP.
Proposal 8: In case that an additional TCI field for indicating unified TCI is supported, support that in one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL /UL TCI state(s) only specific to one of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list. 
3. Conclusion
According to the above discussion(s), we have the following observation(s) and proposal(s). 
Proposal 1: RAN1 to discuss, in S-DCI mode, whether M-TRP mode is operated in a serving cell when only one unified TCI for a TRP is indicated for the serving cell.  
Proposal 2: Support that NW can update beams for one TRP by just indicating unified TCIs for the TRP while still maintaining M-TRP mode. 
Proposal 3: Support introducing a DCI field in a DCI format 1_1/1_2 to indicate which of the indicated joint/DL TCI state(s) the UE shall apply for PDSCH reception. FFS how to address the default beam issue. 
Proposal 4: Down-select one of the followings to tackle default beam issue for indicating PDSCH beam association
· Alt 1: RRC-based method
· Alt 2: Rule-based method 
Proposal 5: For PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 for S-DCI based MTRP, Alt 1 is adopted, i.e., use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2.   
Proposal 6: For PUCCH transmission for S-DCI based MTRP, Alt3 is adopted, i.e., use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group. 
Proposal 7: Add an additional TCI field for indicating unified TCI under multiple-TRP scenario, at least for S-DCI based MTRP.
Proposal 8: In case that an additional TCI field for indicating unified TCI is supported, support that in one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL /UL TCI state(s) only specific to one of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list. 
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