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Introduction
In RAN1#110b-e[1], following agreements on unified TCI framework extension for multi-TRP have been made. 

	Agreement: 

On unified TCI framework extension for M-DCI based MTRP:

The existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one coresetPoolIndex value can indicate the joint/DL/UL TCI state(s) specific to the same coresetPoolIndex value

FFS: The UE shall apply the indicated joint/DL/UL TCI state(s) specific to a coresetPoolIndex value to channel(s)/signal(s) that have explicit or implicit association with the same coresetPoolIndex value

A coresetPoolIndex value field is included in TCI state activation command (MAC-CE) to indicate that the mapping between the activated TCI state(s) and the TCI codepoint(s) is specific to which coresetPoolIndex value
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:
For a serving cell configured with joint DL/UL TCI mode, one joint TCI state can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment)

For a serving cell configured with separate DL/UL TCI mode, a DL TCI state, an UL TCI state, or a pair of DL and UL TCI states can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment)

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
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

Agreement

On unified TCI framework extension, up to 2 joint TCI states can be indicated by MAC-CE/DCI and applied to CJT-based PDSCH reception (PDSCH-CJT) in a BWP/CC configured with joint DL/UL TCI mode
Support of 1 or 2 indicated joint TCI states for PDSCH-CJT is up to UE capability

FFS: QCL type(s)/assumption(s) of the indicated joint TCI state(s) applied to PDSCH-CJT 

Note: On how to inform UE to apply which indicated joint TCI state(s) to target channel(s)/signal(s) in the BWP/CC, it is discussed individually in AI 9.1.1.1

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

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


In this contribution, we further discuss enhancements on unified TCI framework for multi-TRP based on those agreements.

Discussion
Extension of Unified TCI Framework
For TCI state applied to PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 in single-DCI based MTRP scenario, two alternatives were achieved in the last meeting. Regarding Alt1, the activated TCI state(s) can be indicated by TCI field and the existing SRS resource set indicator field can indicate which TCI state(s) the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2. By this way, with the existing DCI field(e.g.TCI field and SRS resource set indicator field), Alt1 provides the similar behavior introduced in Rel-17 MTRP PUSCH. Regarding Alt2, since SRS may not follow the indicated TCI states, linking the PUSCH TCI state(s) to SRS may be not necessary, which results in that PUSCH could not follow unified TCI framework. Therefore, for TCI state applied to PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 in single-DCI based MTRP scenario, we support Alt1.
Proposal 1: For TCI state applied to PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 in single-DCI based MTRP scenario, support Alt1:
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

For TCI state applied to PUCCH transmission in single-DCI based MTRP scenario, three alternatives were achieved in the last meeting. Regarding Alt1, using RRC configuration to inform the association  between the indicated joint/UL TCI state and a PUCCH resource/ group is sufficient. In addition, the exact joint/UL TCI state(s) can be dynamically updated by the TCI indication MAC-CE/DCI.  Regarding Alt2, RRC configuration is used to inform the association between a CORESET group and a PUCCH resource/group, which may require more specification efforts and is unnecessary. Regarding Alt3, it is not necessary to dynamically update the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group as the exact joint/UL TCI state(s) can be dynamically updated by  MAC-CE/DCI. Therefore, for TCI state applied to PUCCH transmission in single-DCI based MTRP scenario, we support Alt1.
Proposal 2: For TCI state applied to PUCCH transmission in single-DCI based MTRP scenario, support Alt1:
i.e. use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group
In Rel-16, for PDSCH reception in single-DCI based MTRP, two TCI states can be indicated by a TCI code point in one DL DCI. In Rel-17, two SRI fields corresponding to two SRS resource sets in one UL DCI are used to indicate the spatial relations for PUSCH transmissions toward two TRPs. For the association between indicated TCI state(s) and TRP in single-DCI based MTRP, two alternatives were achieved in the last meeting. Regarding Alt1, by using the existing TCI field in DCI format 1_1/1_2 to indicate joint/DL /UL TCI state(s) for one of the two TRPs or both TRPs, it is similar to the TCI state(s) and spatial relation(s) indication mechanisms. By Alt1, there is no need to introduce an additional TCI field. Otherwise, additional specification effort may be required. Regarding Alt2, if the existing TCI field in DCI format 1_1/1_2 can indicate joint/DL/UL TCI state(s) only specific to one of the two TRPs, an additional TCI field may be included in the same DCI to indicate joint/DL/UL TCI state(s) for anther TRP, which may increase the DCI payload. Optionally, if using another DCI to indicate joint/DL/UL TCI state(s) for anther TRP, it may introduce more TCI state indication latency. Therefore, for the association between indicated TCI state(s) and TRP in single-DCI based MTRP, we support Alt1.
Proposal 3: For the association between indicated TCI state(s) and TRP in single-DCI based MTRP, support Alt1:
i.e. 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
In Rel-17, the DL TCI state and UL TCI state indication for unified TCI framework is identified by Unified TCI States Activation/Deactivation MAC CE with variable size and six fields: serving cell ID, DL BWP ID, UL BWP ID, Pi, D/U and TCI state ID. Regarding the DL TCI state and UL TCI state indication for unified TCI framework in single-DCI based multi-TRP scenario, the Unified TCI States Activation/Deactivation MAC CE can be enhanced to support unified TCI framework in multi-TRP. A second TCI state ID field can be included in Activation/Deactivation MAC CE so that one TCI field codepoint can be mapped to TCI states of two TRPs.
The enhanced MAC CE format is shown in Figure 2, in which the following extra fields are introduced:

- TCI state ID i_2: If the TCI state ID is joint/downlink TCI state, this field indicates the TCI state identified by TCI-StateId and the length of this field is 7 bits. If the TCI state ID is uplink TCI state, this field indicates the TCI state identified by TCI-UL-State-Id, where the most significant bit of TCI state ID i_2 is considered as the reserved bit and remaining 6 bits indicates the TCI-UL-State-Id.
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Figure 2: Enhanced Unified TCI States Activation/Deactivation MAC CE
As shown in Figure 2, two TCI state ID shall be present to indicate that there are two TCI states corresponding to two TRPs are indicated by one codepoint, for example, the one codepoint in DCI is associated to two TCI states of two TRPs (i.e TCI state ID 1_1 and TCI state ID 1_2).
Proposal 4: For the TCI States activation MAC CE, support to enhance the MAC CE so that one TCI field codepoint can be mapped to TCI states of two TRPs. 

In Rel-16, dynamic switching between single-TRP and multi-TRP for PDSCH is achieved by indicating one TCI codepoint comprising one or two TCI states. In Rel-17, dynamic switching between single-TRP and multi-TRP for PUSCH is achieved by the indication of SRS Resource Set indicator field in DCI. For unified TCI of multi-TRP, since different channels/singnals can share the same TCI state, if TCI codepoint comprising two TCI states (e.g. separate DL TCI-State or joint TCI-State) is indicated, UE can not determined whether the multi-TRP DL operation is PDSCH or PDCCH. 
For multi-TRP PDCCH, there are multi-TRP PDCCH repetition and HST-SFN scheme based PDCCH. For dynamic switching between single-TRP and multi-TRP PDCCH, dynamic switching between single-TRP PDCCH and multi-TRP PDCCH repetition should be considered. However, since multi-TRP PDCCH repetition is supported by linking two SS sets by RRC configuration (e.g. SearchSpaceLinkingId), UE can not dynamically switch between single-TRP PDCCH and multi-TRP PDCCH repetition with the number of TCI state and SearchSpaceLinkingId. If an indicator is included in DCI or MAC CE to indicate the PDCCH scheme (e.g. single-TRP PDCCH or multi-TRP PDCCH repetition), dynamic switching between single-TRP PDCCH and multi-TRP PDCCH repetition can be achieved.
Proposal 5: An indicator can be included in DCI or MAC CE to indicate dynamic switching between single-TRP PDCCH and multi-TRP PDCCH repetition.
Power control for single-DCI based multi-TRP scheme 
In RAN1 #110b-e meeting, the following proposal was discussed on power control for S-DCI based PUSCH/PUCCH[2].
Proposal 4.A: On unified TCI framework extension, if one or both of indicated joint/UL TCI states applying to PUSCH/PUCCH transmission occasions in an UL BWP at least for S-DCI based PUSCH/PUCCH repetition with TDM is/are not associated with UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH, down-selection one alternative from the followings:

Alt1: Support two default UL PC parameter settings configured in BWP-UplinkDedicated, and the UE should apply the one or two default UL PC parameter settings configured in the corresponding UL BWP

FFS: 1-to-1 association between an indicated joint/UL TCI state and a default UL PC parameter setting

Alt2: No change from Rel-17 unified TCI framework
In Rel-17, 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, default UL PC parameter settings (including P0, alpha for PUSCH, and closed loop index) can be applied for each channel/RS. Regarding the Alt1, for multi-TRP scenario, multiple default settings for each channel/RS can be configured by RRC in BWP, where each default setting provides UL PC parameter settings targeting a TRP. In this way, it is a straightforward extension of the existing mechanism. For the association between TCI state and a default UL PC parameter setting, a fixed rule can be considered. For example, the first default UL PC parameter setting is associated to the TCI state(s) of first TRP and the second default UL PC parameter setting is associated to the TCI state(s) of second TRP. Regarding the Alt2, if both of TCI states are not associated with UL PC parameter setting and a single default UL PC parameter setting is configured, then the UL PC parameter setting for two TRPs is the same and TRP specific power control is not supported. Therefore, if the UL PC parameter settings for PUCCH/PUSCH are not associated with the indicated TCI states, we support two default UL PC parameter settings configured in BWP-UplinkDedicated.
Proposal 6: If the UL PC parameter settings for PUCCH/PUSCH are not associated with the indicated TCI states, support two default UL PC parameter settings configured in BWP-UplinkDedicated.
When multiple panels are supported for simultaneous UL transmission, the transmission power of each panel might be different, therefore, panel-specific power control should be considered. When the UL PC  parameters for different panels are separately configured, UE determines the individual UL PC parameters accordingly and uses it to separately calculates the transmission power of an UL channel/signal from each panel. Therefore, separate UL PC parameters for different panels should be considered. 

Proposal 7: For Rel-18 uplink simultaneous UL transmission, separate UL PC parameters for different panels should be considered and panel-specific power control can be supported. 
In Rel-16, when URLLC transmissions collide with eMBB traffic from other UE, the power of URLLC transmissions is boosted by modifying P0 to control the open loop power in case of collision. For the unified TCI framework in Rel-17, one UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) is associated with TCI state in DCI. Due to the potential collision with eMBB traffic, P0 value required by URLLC traffic may be different from P0 value required by eMBB traffic. For multi-TRP based uplink transmission, the eMBB traffic creating interference only at one of the two TRPs is possible, hence, power boosting of the two TRPs shall be controlled separately. As shown in the Figure 3, URLLC traffic from UE1 collides with eMBB traffic from UE2 only at TRP1, hence, power boost is only conducted for UE1 at TRP1. Therefore, open loop power control should be performed per TRP.
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Figure 3: Open loop power control per TRP
Proposal 8: Open loop power control should be performed per TRP.
Conclusion

In this contribution, we discuss potential enhancements on multi-TRP using Rel-17 unified TCI framework. Based on the discussion above, we provide the following proposals:
Proposal 1: For TCI state applied to PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 in single-DCI based MTRP scenario, support Alt1:
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 2: For TCI state applied to PUCCH transmission in single-DCI based MTRP scenario, support Alt1:
i.e. use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group
Proposal 3: For the association between indicated TCI state(s) and TRP in single-DCI based MTRP, support Alt1:
i.e. 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
Proposal 4: For the TCI States activation MAC CE, support to enhance the MAC CE so that one TCI field codepoint can be mapped to TCI states of two TRPs. 
Proposal 5: An indicator can be included in DCI or MAC CE to indicate dynamic switching between single-TRP PDCCH and multi-TRP PDCCH repetition.
Proposal 6: If the UL PC parameter settings for PUCCH/PUSCH are not associated with the indicated TCI states, support two default UL PC parameter settings configured in BWP-UplinkDedicated.
Proposal 7: For Rel-18 uplink simultaneous UL transmission, separate UL PC parameters for different panels should be considered and panel-specific power control can be supported. 
Proposal 8: Open loop power control should be performed per TRP.
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