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Introduction

In RAN#94e, the following was agreed for the extension of the Rel. 17 unified TCI framework in Rel. 18 [1]:

	Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.



In this contribution, the extension to the Rel. 17 unified TCI framework for multi-TRP scenarios is discussed.
Extension of the unified TCI framework for different multi-TRP schemes

The extension of the unified TCI framework is discussed for two scenarios for the shared channels: single-DCI-based multi-TRP scheduling and multi-DCI-based multi-TRP scheduling. From the Rel. 16 and Rel. 17 multi-TRP enhancements for the PDSCH and PUSCH, the two aforementioned types of scheduling give rise to two different types of base station/TRP operations. 

With single-DCI-based scheduling, one DCI comprises the TCI-state information pertaining to all the different TRPs involved in the transmission to the UE or reception from the UE. Therefore, one of the TRPs, or in fact any of the TRPs, transmitting in DL to the UE can provide necessary beam management information for the multi-TRP communication, fully transparent to the UE, without the configuration of a higher layer parameter to differentiate between the TRPs. In the case of multi-DCI-based multi-TRP, each TRP individually indicates the beam management information for the channels associated with its own, thereby facilitating independent operation of the TRPs. The explicit segregation of channels associated with each TRP is facilitated by the configuration of the higher layer parameter “CORESET pool index.” Single-DCI-based architecture may therefore necessitate ideal backhaul across the TRPs for the exchange of scheduling information, while multi-DCI-based architecture does not require it.

The terms “single-DCI-based” or “multi-DCI-based” convey the signaling methods used in Rel. 16 and 17, and hence may restrict the possibilities for an extension in Rel. 18 to similar usages or signaling methods. To expand the possibilities in Rel. 18 for the two aforementioned MTRP modes, we consider the following modes of operation:
· Independent scheduling of different PxSCHs by TRPs: The scheduling of a PxSCH is provided via a DCI that directs the transmission from or to a single TRP only, i.e., only one TCI-state is associated with a given PxSCH. Each TRP may schedule the PxSCHs associated with itself independently, which may allow for overlapping as well (at least in the case of PDSCH). The configuration of the CORESET pool index may be the differentiating aspect for this mode of operation.
· Dependent or joint scheduling of a PxSCH to or from multiple TRPs: A PxSCH scheduling provided via a DCI indicates its transmission from or reception using multiple TCI-states, i.e., multiple TRPs. 
The possibilities for the extension of the unified TCI framework for the two modes of multi-TRP operations described above and the pros and cons of the same are discussed in the following.
0. Independent multi-TRP scheduling (CORESET pool index configured)

This mode of multi-TRP transmission for PDSCH and PUSCH, as described above, is enabled via the configuration of the CORESET pool index in PDCCH-Config. With two different values of the CORESET pool index, the gNB schedules PDSCHs via different DCIs, wherein the ordering of the HARQ feedbacks, the reception and processing are performed only within PDSCHs associated with the same CORESET pool index value and not across two different values of the index. A similar condition is also proposed for the PUSCHs, but the PUSCHs scheduled by DCIs associated with different CORESET pool indices are non-overlapping. The TCI-states or spatial relations for the individual PDSCHs or PUSCHs are provided by the scheduling DCIs or other independent signaling.

The following agreements were made in RAN1#109-e [2] for this mode of multi-TRP transmission:
	Agreement from RAN1#109
On unified TCI framework extension for M-DCI based MTRP, consider the following alternatives for TCI state update:
· Alt1: Reuse the same TCI state update scheme for S-DCI based MTRP
· Atl2: Use the existing TCI field in the 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) corresponding to the same CORESETPoolIndex value
· Alt3: Use the existing TCI field in any DCI format 1_1/1_2 (with or without DL assignment) to indicate all joint/DL/UL TCI states corresponding to both CORESETPoolIndex values
· Study the association between the indicated joint/DL/UL TCI state(s) and a CORESETPoolIndex value
· Alt4: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate joint/DL/UL TCI state(s) corresponding to the same or different CORESETPoolIndex value.
· Study whether the indicated joint/DL/UL TCI state(s) applies to the channels/signals associated with the same CORESETPoolIndex value or different CORESETPoolIndex value is indicated by DCI



From the options above, the following analyses of the pros and cons of each option can be made:
· Alt1: This method reuses the single-DCI-based update method for the TCI-states. All the TCI-states corresponding to various CORESET pool indices are indicated by a single DCI. Using the same update methodology for both modes of TRP operation is attractive from the specification perspective, but this may lead to stricter backhaul requirements. While the multi-DCI-based operation is intended to enable independent scheduling, and therefore, more lenient backhaul requirements, using this method of TCI-state indication may be counter-productive to these benefits offered by the multi-DCI-based multi-TRP scheme. At best, this method of TCI-state indication could be considered to supplement a multi-DCI-based TCI-state indication and not as the primary or only method to be specified.
· Alt-2: This is an extension of the Rel. 17 multi-DCI-based operation in a straight-forward manner and hence is of lower specification effort compared to other alternatives. It also maintains the advantages of Rel. 16/17 with regards to network backhaul requirements and scheduling, and incurs a lower overhead.
· Alt-3: This alternative is similar to Alt-1 in design, specification effort and network requirements. It can be used to supplement a multi-DCI-based indication, but it cannot be the first preference for specification.
· Alt-4: This option can be understood to be an extension of Alt-2, but it requires ideal backhaul if TCI-state update is performed between different TRPs. This method provides the indication flexibility of Alt-1 and Alt-3 and also enables independent scheduling as in Alt-2.
Proposal 1: On unified TCI framework extension for M-DCI based MTRP, Alt-2 and Alt-4 shall be considered with higher priority for TCI-state update. 

In Alt-2 and Alt-4, the DCI indicates  joint TCI-state or  DL TCI-state and/or  UL TCI-state. The target channels of the Rel. 17 unified TCI framework for single-TRP can be reused with the additional condition regarding the associated CORESET pool index value. The association of channels and RSs with CORESET pool index values requires further discussion for these alternatives.

In the case of Alt-1 and Alt-3, a single DCI indicates  joint TCI-states or  DL TCI-states and/or  UL TCI-states. The indicated multiple TCI-states should be applied to separate sets of channels and RSs, each set segregated using the CORESET pool index or another index. The first TCI-state is applied to channels or RSs associated with a first CORESET pool index value and the second TCI-state is applied to channels or RSs associated with a second CORESET pool index value. The DCI may be received from either TRP – the associated TRP for the indicating DCI is immaterial. With one TRP providing the TCI-states corresponding to all the TRPs but separate scheduling for the PxSCHs corresponding to the TRPs, this option gives rise to a mixture of operation modes that may increase network implementation complexity.

In any of the 4 alternatives, the indication of more than 2 beams may not be required. A maximum of two common beams is both sufficient for MTRP use-cases and complex enough for UE implementation. Hence ,  and  can be set to a maximum of 2 in Rel. 18.

Proposal 2: For the extension of unified TCI framework in Rel. 17 to multiple TRPs for the multi-DCI-based scheme, the UE is expected to receive an indication of a maximum of  joint TCI-states or,  DL TCI-states and/or  UL TCI-states per CC/BWP.

For any of the 4 alternatives for the multi-DCI-based operation, the association of a channel or RS with a CORESET pool index value has to be performed. The association with a CORESET pool index may be performed for PDSCH, dynamic-grant-based PUSCH and HARQ-carrying-PUCCH via the scheduling PDCCH. For other cases such as configured-grant-based PUSCH, PUCCH carrying CSI or SR and RS(s), such an association doesn’t exist. For channels or RSs where an association with the CORESET pool index exists, the TCI-state application can be straight-forward as mentioned above. When such an association doesn’t exist for a given channel or RS, TCI-state indication needs to be separately handled as described below. 

Proposal 3: Study TCI-state indication in MTRP scenarios for channels and RSs that do not have an implicit or explicit grouping according to TRPs (for e.g., via the CORESET pool index).

A first alternative would be to perform individual TCI-state signaling as in Rel. 16 or Rel. 17 or specifying default TCI-states. With periodic signaling of individual TCI-states for various channels and RSs, the control information overhead would be high. Even if a clear segregation of the channels and RSs exists, the lack of recognition via the specifications leads to increased overhead in TCI-state signaling. To specify default TCI-states, various corner cases of the channels and RSs need to be identified which leads to higher specification effort.

A second alternative that strives for a unified solution would be the association of the CORESET pool index or another (existing or new) index explicitly or via indirect methods with such channels and RS(s), which can also reduce control information overhead. 

Proposal 4: Study the following options to segregate channels and RSs for TCI-state indication, especially for the ones without any implicit or explicit grouping according to TRPs:
· reuse of CORESET pool index, or 
· use another (existing or new) index. 
0. Dependent multi-TRP transmissions (no CORESET pool index configured)

A PxSCH or PxCCH is scheduled from two different TRPs by repetition or diversity in this mode of operation. Higher TRP coordination across the TRPs is required for this scheme, thereby posing stricter TRP backhaul requirements. With the connection between the two TRPs via the TB of the channel itself and only the TCI-state application (and power control in the uplink) being the differentiating aspect from single-TRP transmissions, while the scheduling or higher layer aspects untouched, there is no need for a parameter to differentiate between TRPs in this case. In this scenario, there is only one option for common TCI-state indication: a DCI indicates  joint TCI-states or,  DL TCI-states and/or  UL TCI-states. This was also captured in the agreements in RAN1#109-e as follows [2].

	Agreement from RAN1#109
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

Agreement from RAN1#109
On unified TCI framework extension for S-DCI based MTRP, consider at least the following alternatives to map/associate a joint/DL TCI state to PDCCH reception(s)
· Atl1: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt2: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a search space set
· Alt3: Use MAC-CE to inform the mapping/association between an activated or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt4: Use DCI to inform the mapping/association between an indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt5: Based on a fixed mapping/association rule, e.g., the first indicated joint/DL TCI state always applies to PDCCH receptions
Consider above alternatives for PDCCH repetition, PDCCH-SFN, PDCCH w/o repetition/SFN, and potential support of dynamic switching between S-TRP and M-TRP for PDCCH. It is not precluded to adopt one single alternative or multiple alternatives to support these cases.

Agreement from RAN1#109
On unified TCI framework extension, if an indicated joint or UL TCI state applies to a PUSCH/PUCCH transmission occasion at least for S-DCI based PUSCH/PUCCH repetition with TDM and the indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH /PUCCH (including P0, alpha for PUSCH, and closed loop index) and a PL-RS, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion.
· FFS: How to extend to other Rel-18 MTRP scheme(s) with STxMP, if supported 
· FFS: UL PC enhancement for CB and non-CB SRS in above case
FFS: The applied UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH



As the framework to support such transmissions has been already agreed, the next-level details are further discussed. As in the case of the multi-TRP-based scheme, the maximum number of TCI-states, i.e., the maximum number of supported TRPs, for single-TRP-based scheduling shall be set to two. 

Proposal 5: For the extension of unified TCI framework in Rel. 17 to multiple TRPs for the single-DCI-based scheme, the UE is expected to receive an indication of a maximum of  joint TCI-states or,  DL TCI-states and/or  UL TCI-states per CC/BWP.

The mapping of TCI-state to codepoints of the TCI-field can follow the Rel. 16/Rel. 17 MTRP single-DCI-based signaling. MAC-CE may configure the mapping of the TCI-states to the TCI-field codepoints with each codepoint associated with either one or two TCI-states which enables dynamic switching between single-TRP and multi-TRP modes. The reuse of earlier signaling methods or MAC-CEs saves further specification effort as well. The discussion on hybrid TCI-states indication – indicating a combination of separate and joint TCI-states – is provided further below.

Proposal 6: Reuse the Rel. 16/17 method for mapping TCI-state to TCI-state codepoints using a MAC-CE.

Another point of contention is the mapping of the indicated TCI-states in a single-DCI-based operation to the PDCCHs when PDCCH repetition is enabled. In the case of SFN-based repetitions, the mapping is straight forward – every CORESET is applied with all the indicated TCI-states. In the case of non-SFN-based repetition, the methods listed in the above agreement may be considered. Mapping via CORESET grouping is a widely accepted method except for the signaling method used to enable it. The grouping via RRC makes sense from a specification perspective as semi-static grouping is performed for various other purposes such as PUCCH spatial relation information indication, CORESET pooling for MTRP scheduling and PDCCH search space set grouping for RedCap UE operations. Therefore, Alt-1 would be a reasonable and practical choice for TCI-state mapping of non-SFN-based PDCCH repetitions. Moreover, since CORESET pool index is a grouping method for CORESETs used only in multi-DCI-based MTRP operation, a new index for CORESET grouping may be considered. 

Proposal 7: On unified TCI framework extension for S-DCI based MTRP, a CORESET grouping via the RRC may be performed to map the indicated TCI-states to PDCCH repetition(s).
Co-existence of joint TCI and separate DL/UL TCI

One of the proposals in the indication of TCI-states in single-DCI-based MTRP operation is the use of a combination of joint TCI and separate DL/UL TCI-states. This is proposed to support UEs in multi-TRP scenarios where one link suffers from MPE and the other does not and also to promote higher flexibility. However, we have the following concerns for such an approach:
· The configuration of the joint TCI or separate DL/UL TCI in Rel. 17 is performed via RRC. MAC-CE or DCI signalling of TCI-states may not be possible to choose from two different types of TCI configurations as only one of them can be configured via RRC. Since single-TRP operation does not have such a dynamic switching between the two different TCI configurations, specifying it for multi-TRP does not make sense. Moreover, the inclusion of such dynamic indication (for single-TRP or multi-TRP or both) would require specification changes that go beyond the scope of the work item, imposing higher workload for RAN1.
· The occurrence of MPE issues for one of the two M-TRP links is cited as a reason for co-existence of joint TCI and separate DL/UL TCI. While such a scenario can be considered as a corner-case worth addressing, a similar case can also be made for single-TRP operation. If a UE is configured with joint TCI and the link during a single-TRP operation suddenly suffers from MPE issues, the use of separate DL/UL TCI rather than joint TCI would be helpful. A dynamic switching between the different TCI configurations is a useful tool to combat MPE issues in either case. Such switching/indication was already discussed at length in Rel. 17 resulting in RRC-based configuration of the type of TCI. For the aforementioned reasons regarding spec. workload and the scope of the work item, the co-existence of joint and separate DL/UL TCI shall not be considered for specification or at the very least, deprioritized.
Proposal 8: Co-existence or dynamic switching/indication of joint and separate DL/UL TCI is not supported in Rel. 18.
Unified TCI framework for coherent joint transmissions

The support for CSI enhancements for coherent joint transmissions (CJT) in the MIMO work item [1] has triggered discussions regarding the support for the same with the unified TCI framework. Concerns of specifying an incomplete feature for CJT is another reason cited for its inclusion in the agenda item. In our view, the work item does not describe specifying support for CJT via the unified TCI framework and is hence out of scope. At the very least, the discussions regarding the number of indication TCI-states and the mapping of the TCI-states for multi-TRP use-cases and CJT should not affect each other in this agenda item. The discussions of these parameters in the case of CJT may be handled separately with lower priority. Handling them together results in lack of progress even for the agreed agenda.

Proposal 9: Specification of unified TCI framework enhancements for CJT is out of scope for this agenda item. At the very least, CJT discussions should be separate from multi-TRP discussions and of lower priority.
Conclusion

From the above discussions, the following proposals are made:

Proposal 1: On unified TCI framework extension for M-DCI based MTRP, Alt-2 and Alt-4 shall be considered with higher priority for TCI-state update. 

Proposal 2: For the extension of unified TCI framework in Rel. 17 to multiple TRPs for the multi-DCI-based scheme, the UE is expected to receive an indication of a maximum of  joint TCI-states or,  DL TCI-states and/or  UL TCI-states per CC/BWP.

Proposal 3: Study TCI-state indication in MTRP scenarios for channels and RSs that do not have an implicit or explicit grouping according to TRPs (for e.g., via the CORESET pool index).

Proposal 4: Study the following options to segregate channels and RSs for TCI-state indication, especially for the ones without any implicit or explicit grouping according to TRPs:
· reuse of CORESET pool index, or 
· use another (existing or new) index.
Proposal 5: For the extension of unified TCI framework in Rel. 17 to multiple TRPs for the single-DCI-based scheme, the UE is expected to receive an indication of a maximum of  joint TCI-states or,  DL TCI-states and/or  UL TCI-states per CC/BWP.

Proposal 6: Reuse Rel. 16/17 method of mapping TCI-state to TCI-state codepoints using a MAC-CE.

Proposal 7: On unified TCI framework extension for S-DCI based MTRP, a CORESET grouping via the RRC may be performed to map the indicated TCI-states to PDCCH repetition(s)
Proposal 8: Co-existence or dynamic switching/indication of joint and separate DL/UL TCI is not supported in Rel. 18.

Proposal 9: Specification of unified TCI framework enhancements for CJT is out of scope for this agenda item. At the very least, CJT discussions should be separate from multi-TRP discussions and of lower priority.
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