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1. Introduction
[bookmark: _GoBack]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], RAN1 has made some agreements with respect to beam indication and M-TRP schemes indication, 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 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, down-selection at least one alternative from the followings:
· Alt1-1: Use RRC parameter(s) in a CORESET configuration to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on the CORESET
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE
· Alt1-2: Use an RRC parameter in a CORESET configuration to inform that the CORESET belongs to which CORESET group(s), and the indicated joint/DL TCI state(s) is associated with each CORESET group
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the CORESET group(s)
· FFS: How to associate the indicated joint/DL TCI state(s) with each CORESET group
· FFS: The UE applies the indicated joint/DL TCI state(s) to a CORESET according to the CORESET group(s) the CORESET belongs to, or the UE applies the indicated joint/DL TCI state(s) associated with the CORESET group(s) in which the beam indication DCI is received to all PDCCH receptions
· Alt2: The association between a CORESET and the indicated joint/DL TCI state(s) is determined based on a fixed rule, and the UE shall apply the indicated joint/DL TCI state(s) to the corresponding PDCCH receptions on the CORESET
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE
· Alt3: Use MAC-CE to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on a CORESET
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE
Switching between multi-TRP and single TRP operation is not precluded.

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

Agreement
On unified TCI framework extension for S-DCI based MTRP, for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, down-selection one alternative from the followings:
· Alt1: Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in a 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 a 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
· Alt3: Use an RRC parameter in a CORESET configuration to inform that the CORESET belongs to which CORESET group(s), and the indicated joint/UL TCI state(s) is associated with each CORESET group. When a scheduling/activation DCI format 0_1/0_2 is received in a CORESET group, the indicated joint/UL TCI state(s) associated with the CORESET group is applied to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
· FFS: Details of CORESET group(s)
FFS: PUSCH transmission scheduled/activated by a DCI format 0_0 and Type-1 CG-PUSCH

Agreement
On unified TCI framework extension for S-DCI based MTRP, to inform the association with joint/UL TCI state(s) indicated by DCI/MAC-CE for PUCCH transmission, down-selection at least one alternative from the followings:
· 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
· Alt3: Use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group
· Alt4: Use DCI to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group 



2. Discussion
Over the previous two 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 details, if the beam indication DCI 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. 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. 
Proposal 1: RAN1 to discuss whether M-TRP mode is operated in a serving cell when only one unified TCI for a TRP is indicated for the serving cell.  
In RAN1 #110, companies were debating on whether to support cross-TRP beam indication for M-DCI mode. The latest proposal by FL is shown below. 
	Proposal 2.A: On unified TCI framework extension for M-DCI based MTRP, down-select one of the following alternatives:
· Alt1: Use the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one of coresetPoolIndex values to indicate the joint/DL/UL TCI state(s) associated with the same coresetPoolIndex value
· The UE shall apply the joint/DL/UL TCI state(s) associated with a coresetPoolIndex value to channel(s)/signal(s) that have explicit or implicit association with the coresetPoolIndex value
· Alt2: Use the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one of coresetPoolIndex values to indicate the joint/DL/UL TCI state(s) associated with the same or different coresetPoolIndex value
· The UE shall apply the joint/DL/UL TCI state(s) associated with a coresetPoolIndex value to channel(s)/signal(s) that have explicit or implicit association with the coresetPoolIndex value
· FFS: Detail of signaling



Some companies argued that cross-TRP beam indication was not supported for M-DCI PDSCH. However, it should be noted that in Rel-16, it is not prohibited that network performs cross-TRP beam indication for PDCCH, PUCCH and PUSCH in M-DCI mode. Since unified TCI indication is applied for all or most of channels and RSs, we should also support cross-TRP beam indication in Rel-18. Otherwise, it is less flexible than legacy. We do not believe any feature in a new release would be designed to have worse performance than legacy. 
Some companies favoring Alt1 mentioned that MAC-CE can also achieve the same purpose of Alt 2, i.e., cross-TRP beam indication. We don’t quite understand how MAC-CE can achieve it. It is noted that current MAC-CE design does not associate TCI state with CORESETPoolIndex when activating TCI state. Then, even one TCI state is activated by MAC-CE, it cannot achieve cross-TRP beam indication in our understanding. On the other hand, if we support associating TCI state with CORESETPoolIndex, beam indication via DCI can support cross-TRP beam indication in that way as well. 
Regarding backhaul issue, in fact, it should depend on network deployment. Network can actually enable M-DCI for a serving cell with ideal backhaul. It is supported in Rel-16 as well, for example, joint HARQ-ACK feedback mode. In addition, supporting cross-TRP beam indication brings benefits to per-TRP BFR. It can help a failed TRP recovers more quickly to communicate with a UE. Hence, we have the following observations and proposal. 
Observation 1: In Rel-16 M-DCI, cross-TRP beam indication has been supported for PDCCH, PUSCH and PUCCH. 
Observation 2: In Rel-16, M-DCI can be operated in a scenario with ideal backhaul. 
Observation 3: Cross-TRP beam indication is helpful for per-TRP beam failure recovery.  
Proposal 2: Support using the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) associated with the same or different CORESETPoolIndex value.  
In previous RAN1 meeting(s), one critical issue is whether unified TCI framework also applies for CJT transmission, which is under discussion in another agenda. In our views, RAN1 is supposed to support extending unified TCI framework to CJT-based PDSCH transmission, once it is agreed to specify by another agenda. Otherwise, it would seem that network can only configure Rel-15/16 beam indication framework (TCI or spatial relation) if network would like to enable CJT feature. This would make network have to pick up one of unified TCI and CJT for its deployment, which we do not think a reasonable design. Hence, we suggest RAN1 should agree the following proposal. 
Proposal 3: The extension of unified TCI framework for multiple-TRP can apply for CJT based PDSCH transmission. 
If above is supported, we can discuss then what is the number of indicated TCI state(s) applicable to CJT transmission. We suggest this discussion should be proceeded with considering CJT transmission. Otherwise, we may need to comeback to see how to accommodate the demand from supporting CJT transmission. Given that at most 4 TRPs can be involved in CJT-based TRP transmission, we believe, for Joint or DL TCI, the maximum number of indicated TCI should also extend to 4. 
Proposal 4: For Joint/DL TCI, the maximal number of indicated TCI state(s) for a BWP/CC can be 4. 
Another one issue is whether to allow that configuration of unified TCI type (i.e., joint TCI or separate TCI) is configured per TRP. In other words, whether to allow a case that one TRP is operated with joint TCI, while the other TRP is operated with separate TCI. From our perspective, we do not think there is valid use case for such configuration. In general, network may configure separate TCI for MPE issue or beam non-correspondence. However, say UE is communicating with TRP1 and TRP2, when UE is facing/detecting MPE issue on the link to TRP1, the MPE issue may also have an impact on the link to TRP2, which makes separate TCI should also apply for communication with TRP2. In addition, supporting such feature may make the whole design of unified TCI extension too complicated. Hence, we suggest RAN1 does not support this mixed configuration in extension of unified TCI and focus on other critical issues. 
Proposal 5: Not support mixed configuration of Joint TCI for one TRP and Separate TCI for the other TRP in a BWP/CC. 
In last meeting, one unsolved issue is how to map an indicated TCI (joint TCI or DL TCI) to PDCCH candidates for M-TRP S-DCI mode. In multiple TRP scenario, it is likely UE would maintain two indicated joint TCIs (or DL TCIs). For monitoring and receiving PDCCH, it becomes crucial that UE understands which indicated TCI to receive a PDCCH on a CORESET or search space set. Some alternatives were put on table in last meeting, including RRC based, MAC-CE based, DCI based or rule based methods. 
We believe the extension of unified TCI framework should keep design principle of legacy beam indication as much as possible. Starting from Rel-15, beam indication of a PDCCH is actually on a basis of CORESET. Besides, the beam indication can be indicated/updated by MAC-CE. Following the same logic, which unified TCI to monitor/receive PDCCH candidates should also be per-CORESET basis and be indicated by MAC-CE. 
Proposal 6: On unified TCI framework extension for M-TRP S-DCI mode, to map/associate a joint/DL TCI state to PDCCH reception(s), support using MAC-CE to inform the mapping/association between an indicated joint/DL TCI state and a CORESET. 
In RAN1 #109(e), we have 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. 
Proposal 7: Add an additional TCI field for indicating unified TCI under multiple-TRP scenario, at least for M-TRP S-DCI mode.
3. Conclusion
According to the above discussion(s), we have the following observation(s) and proposal(s). 
Observation 1: In Rel-16 M-DCI, cross-TRP beam indication has been supported for PDCCH, PUSCH and PUCCH. 
Observation 2: In Rel-16, M-DCI can be operated in a scenario with ideal backhaul. 
Observation 3: Cross-TRP beam indication is helpful for per-TRP beam failure recovery.  
Proposal 1: RAN1 to discuss 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 using the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) associated with the same or different CORESETPoolIndex value.  
Proposal 3: The extension of unified TCI framework for multiple-TRP can apply for CJT based PDSCH transmission. 
Proposal 4: For Joint/DL TCI, the maximal number of indicated TCI state(s) for a BWP/CC can be 4. 
Proposal 5: Not support mixed configuration of Joint TCI for one TRP and Separate TCI for the other TRP in a BWP/CC. 
Proposal 6: On unified TCI framework extension for M-TRP S-DCI mode, to map/associate a joint/DL TCI state to PDCCH reception(s), support using MAC-CE to inform the mapping/association between an indicated joint/DL TCI state and a CORESET. 
Proposal 7: Add an additional TCI field for indicating unified TCI under multiple-TRP scenario, at least for M-TRP S-DCI mode.
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