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Introduction
In RAN1#110bis-e meeting, the following agreements are approved for unified TCI framework extension for multi-TRP
Conclusion
On unified TCI framework extension in Rel-18, there is no consensus to support simultaneous configuration of both joint and separate DL/UL TCI modes in a serving cell
Conclusion
On unified TCI framework extension in Rel-18, there is no consensus to support separate RRC-configured TCI state list(s) for each of TRPs
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 provide our views on applying the Rel-17 unified TCI framework for multi-TRP downlink and uplink transmission.
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Unified TCI Framework Extension
In the previous meeting, it was agreed that all the intra-cell and inter-cell mTRP schemes specified in Rel-16 and Rel-17 can be considered for unified TCI framework extension and 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. Although some methods of indicating unified TCI framework extension for single-DCI based mTRP and M-DCI based mTRP were discussed in last meeting, the detailed association between a joint TCI state/DL-only TCI state/UL-only TCI state and different channels has still not been decided yet. Thus, the following issues should be discussed to decide the combination of joint/DL/UL TCI states that can be indicated in a CC/BWP or a set of CCs/BWPs in a CC list to DL receptions and/or UL transmissions:
General framework for unified TCI extension – the combination of TCI states
· The potential combinations of joint/DL/UL TCI states that can be indicated in a CC/BWP or a set of CCs/BWPs in a CC list should be further discussed. Since up to 4 TCI states can be indicated for 2 TRPs in a CC/BWP, all possible combinations for TCI indications can be listed as below:
· 2 pairs of DL and UL TCI states in a CC/BWP or a set of CCs/BWPs in a CC list
· 2 joint TCI states in a CC/BWP or a set of CCs/BWPs in a CC list
· 1 pair of DL and UL TCI states and 1 joint TCI state in a CC/BWP or a set of CCs/BWPs in a CC list
· 1 pair of DL and UL TCI state and 1 DL TCI state in a CC/BWP or a set of CCs/BWPs in a CC list
· 1 pair of DL and UL TCI state and 1 UL TCI state in a CC/BWP or a set of CCs/BWPs in a CC list
For multiple TRPs operation, indicating a pair of DL and UL TCI states per TRP or one joint TCI state per TRP is a basic extension from single TRP based unified TCI framework, so supporting 2 pairs of DL and UL TCI states in a CC/BWP or a set of CCs/BWPs in a CC list can be regarded as a baseline. Furthermore, asymmetrical number of TCI states for DL and UL is one of potential cases when there is mTRP operarion for one transmission direction and sTRP operation for the opposite transmission direction. Thus, the combination of 1 pair of DL and UL TCI state and 1 DL/UL TCI state in a CC/BWP or a set of CCs/BWPs in a CC list can be supported.
Support 2 pairs of DL and UL TCI states or 2 joint TCI states in a CC/BWP or a set of CCs/BWPs in a CC list as a baseline.
Support asymmetrical number of TCI states indicated to different scheduling direction.
Single DCI based mTRP UTCI framework for PDSCH
· If a joint indication and a DL/UL TCI state can be indicated simultaneously, 3 bits might not be enough to represent every combination of multiple joint/DL/UL TCI states. Hence an additional field to indicate the joint TCI state and the DL/UL state separately should be considered as 3 bits can only correspond to 8 activated TCI codepoints. In addition, if multiple joint/DL/UL states are indicated for mTRP, an additional field used to indicate the TCI state of each TRP can not only reduce the potential complexity but also provide the scheduling flexibility since the mapping of TCI codepoint might not need to be changed and TCI state for different TRPs might not need to be indicated simultaneously; otherwise, increasing the maximum number of TCI field bits should be considered to support multiple joint/DL/UL TCI states.
At least for single-DCI based mTRP UTCI framework for PDSCH, an additional TCI field in DCI format 1_1/1_2 can be used to indicate multiple joint/DL/UL TCI states.
If an additional TCI field is not supported, the increase of maximum number of TCI field bits (i.e., more than 3 bits) should be supported.
Single DCI based mTRP UTCI framework for PUSCH
· On unified TCI framework extension for S-DCI based MTRP for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, since an explicit UL TCI state has been introduced in Rel-17, a similar way for TCI states indication as that for PDSCH can also be applied to PUSCH, and therefore Alt 1: 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 is preferred. 
On unified TCI framework extension for S-DCI based MTRP for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, Alt 1 is preferred.
Single DCI based mTRP UTCI framework for PUCCH
· 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, RRC configuration can be used to associate the indicated TCI state and PUCCH resource/group since whether to apply first indicated TCI, second indicated TCI, or both indicated TCI to PUCCH does not need to be changed dynamically. However, the way to inform the applied TCI state to PUCCH can be further discussed. 
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, Alt 1 is preferred.
TCI states in a beam indication instance for mTRP UTCI framework
· On unified TCI framework extension for S-DCI based MTRP, whether joint/DL/UL TCI states can be indicated in a beam indication has not been decided before. However, it is intuitive to support updating TCI states for both TRPs; otherwise, the benefits of using single DCI to indicate more than one TCI states cannot be provided. Thus, 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 is our preference.
On unified TCI framework extension for S-DCI based MTRP in a beam indication, support Alt.1 to enable more than one TCI states to be indicated in one beam indication.
In addition, in Rel-16 and Rel-17, how multiple TRP scheme operates on different channels was fully discussed, and thus every channel regardless of DL and UL might be received/transmitted from/to multiple TRPs or single TRP. In terms of unified TCI framework extension for multi-TRP, there might be multiple cases of combinations of single TRP based transmission and multi-TRP transmission either for DL channels or UL channels. In other words, different multi-TRP schemes might be separately applied to different channel and hence the number of indicated TCI states for each channel could be same or different. If we just allow same number of TCI states to be indicated to each channel, there might put some constraints on scheduling, for example, the repetition should always be configured for each channel when two TCI states are indicated. As a result, using different number of indicated TCI states for each channel can bring the advantage of flexibility and remove the constraints. 
The number of indicated TCI states for each channel can be different.
Default Beam for mTRP in a Unified TCI Framework 
In NR, several default UE behaviors have been defined. For example, for single TRP PDSCH reception, when the scheduling offset is less than a threshold (i.e., timeDurationForQCL), the QCL assumption used to receive PDSCH will be identical to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResoureceSetId in the latest slot. 
Similarly, the default beams used for PDSCH reception by the UE are also defined in Rel-16. When the scheduling offset is less than a threshold (i.e., timeDurationForQCL), a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the QCL assumptions for multi-TRP PDSCH reception are identical to the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
 It's worth knowing that the default beam used for multi-TRP PDSCH reception will follow the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. However, in an unified TCI framework, it is possible that two different TCI states may be one DL TCI state and one UL TCI state instead of two DL TCI states, causing  ambiguity when the UE applies default beams for receiving multi-TRP based PDSCH.
Study the impact on mTRP default beam in unified TCI framework in RAN1.
Uplink Power Control in a Unified TCI Framework 
UE uplink power control mechanism is an important feature not only to manage the UE power but also to achieve the system energy efficiency, especially when the number of antenna and TRPs increases in MIMO. In Rel-17, the power control mechanism under UL mTRP transmission scheme was introduced without considering the unified TCI framework. As the unified TCI framework is the trend, it is necessary to design the power control mechanism for UL mTRP transmission under the unified TCI framework.
In Rel-17, TRP specific power control is supported for uplink mTRP schemes, and the uplink power control parameters can be derived based on the spatial relation information. In Rel-18, the unified TCI framework is expected to be extended for uplink mTRP schemes. Thus, in Rel-18, it is proposed to study the TRP specific power control in the unified TCI framework.
Moreover, as uplink power control is a fundamental feature for uplink transmission and RAN1 has already agreed to consider Rel-16/17 inter-cell mTRP schemes on unified TCI framework extension, it is expected that the uplink power control design in the unified TCI framework for UL mTRP transmission will be extended from the single cell mTRP scheme to inter-cell mTRP scheme. The inter-cell mTRP scheme includes the intra-node inter-cell case and inter-node inter-cell case. The intra-node inter-cell case can be further classified into the intra-CU intra-DU inter-cell case and the intra-CU inter-DU inter-cell case. 
· Single cell mTRP scheme
· Inter-cell mTRP scheme
· Intra-node 
· Intra-CU intra-DU
· Intra-CU inter-DU
· Inter-node
Since it was agreed that RAN1 should study the inter-cell mTRP scheme on the unified TCI framework extension in RAN1#109-e meeting, we suggest to study the impact on UL power control for the inter-cell mTRP scheme in the unified TCI framework.
Study the TRP-specific uplink power control for mTRP scheme in the unified TCI framework in RAN1.
Study the uplink power control for mTRP scheme in the unified TCI framework by considering single cell and inter-cell schemes in RAN1.
Conclusions
In this contribution, we discussed the issues regarding applying the Rel-17 unified TCI framework extension for multi-TRP downlink and uplink transmission, default beam operation and power control mechanisms in a unified TCI framework. Based on the discussion in section 2, we have proposals as follows.
1. Support 2 pairs of DL and UL TCI states or 2 joint TCI states in a CC/BWP or a set of CCs/BWPs in a CC list as a baseline.

Support asymmetrical number of TCI states indicated to different scheduling direction.
At least for single-DCI based mTRP UTCI framework for PDSCH, an additional TCI field in DCI format 1_1/1_2 can be used to indicate multiple joint/DL/UL TCI states.
If an additional TCI field is not supported, the increase of maximum number of TCI field bits (i.e., more than 3 bits) should be supported.
On unified TCI framework extension for S-DCI based MTRP for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, Alt 1 is preferred.
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, Alt 1 is preferred.
On unified TCI framework extension for S-DCI based mTRP in a beam indication, support Alt.1 to enable more than one TCI states to be indicated in one beam indication.
The number of indicated TCI states for each channel can be different.
Study the impact on mTRP default beam in unified TCI framework in RAN1.
Study the TRP-specific uplink power control for mTRP scheme in the unified TCI framework in RAN1.
Study the uplink power control for mTRP scheme in the unified TCI framework by considering single cell and inter-cell schemes in RAN1.
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