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Introduction
[bookmark: _Ref494215420]In RAN #94 meeting，the following objectives on unified TCI framework for multi-TRP have been agreed [1].
	2. 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.
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.


Further, during the RAN1#109-e~RAN1#110 meetings, some agreements were achieved [2][3]. In this contribution, we provide some discussion on the unified TCI framework extension for indication of multiple DL/UL TCI states and power control for UL single DCI for MTRP operation based on previous conclusions. 
Discussion
General framework for unified TCI
In Rel-17 unified TCI framework, the UE can be configured with two TCI state lists for UL TCI state and DL or joint TCI state, respectively. The maximum number of UL TCI states and DL or joint TCI states are 64 and 128, respectively. In Rel-18, MTRP transmission based on unified TCI framework should be supported. Since the TCI state for a TRP should not be dynamically changed and the association between the indicated TCI state and the channel/RS for a TRP should be determined, a more straightforward method that configuring TCI state lists for each TRP and associating TCI state with TRP in RRC-level can be considered. As illustrated in Figure 1, different TCI state lists are configured, one of them is for TRP1, and the other is for TRP2. Besides, up to 32 UL TCI states and 64 DL or joint TCI states are configured in a TCI state list, and the maximum number of TCI states for UL and DL in a CC/BWP are kept the same as Rel-17. 


Figure 1. TRP-specific TCI State List Configuration
Proposal 1: Regarding unified TCI framework for MTRP, TRP-specific TCI states list configuration can be introduced, and compared with Rel-17, the total number of TCI states from all UL TCI state lists and from all DL or joint TCI state lists configured in a CC/BWP should not be increased.
In RAN1#110, the following agreement was achieved.
	Agreement
On unified TCI framework extension, 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


Based on the agreement, the possible combinations of joint/DL/UL TCI states need to further discussed. We think the following combinations can be applied in a CC/BWP for MTRP operation: {2 joint TCI states}, {2 pairs of DL and UL TCI states}, {1 pair of DL and UL TCI states (for first TRP) + 1 DL (or UL) TCI state (for second TRP)}. Besides, considering the flexibility of TCI indication, the additional combination {1 UL/DL TCI state (for first TRP) + 1 UL/DL TCI state (for second TRP)} should be supported as well.
Proposal 2: On unified TCI framework extension, up to 4 TCI states can be applied in a CC/BWP, where these TCI states are indicated/ updated by MAC-CE/DCI with the necessary MAC-CE based TCI state activation. One of the following combinations can be applied in a CC/BWP for MTRP operation:
· 2 joint TCI states 
· 2 pairs of DL and UL TCI states
· 1 pair of DL and UL TCI states + 1 DL TCI state
· 1 pair of DL and UL TCI states + 1 UL TCI state
· 1 UL (or DL) TCI state + 1 UL (or DL) TCI state
· 1 UL TCI state + 1  DL TCI state

[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Regarding to the details of beam indication, a fundamental question should be solved that if UE receives a TCI state indication in which the number of indicated TCI states are different from the current TCI states (e.g., currently applied TCI states are {2 pairs of DL and UL TCI states} while {1 UL TCI state for TRP1+1 DL TCI state for TRP2} is newly indicated), how to determine the UE’s behavior after receiving the TCI state indication. There are two possible understandings: 
Alt 1: The indicated TCI states are only used for TCI state update as Rel-17.
Alt 2: STRP/MTRP scheme is switched according to the numbers of indicated TCI states.
Proposal 3: A common sense should be clarified that if UE receives a TCI state indication including different number of TCI states from the current TCI states, whether it means TCI state update or it means STRP/MTRP switching.
We tend to support the former understanding. In this way, TCI field is only used for TCI state update as in Rel-17, the scheme of switching between STRP and MTRP could be discussed separately for each channel. 
TCI state update and activation
During the discussion in RAN1#109-e, the following agreement was achieved.
	Agreement
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


In m-DCI based MTRP transmission, a higher layer parameter CORESETPoolIndex is configured for each CORESET. CORESETPoolIndex value associated with TCI states can be used to determine which TRP the indicated TCI state should be applied for. However, the utilization of TCI field in the DCI format 1_1/1_2 associated with one CORESETPoolIndex value to indicate TCI states corresponding to the different CORESETPoolIndex value is not supported in the existing specification. In essence, Alt 2 can be regarded as a sub-case of Alt4, to further enhance the flexibility of TCI state indication, it is necessary to support cross-TRP TCI state indication as well. Then, there comes a question that how to determine whether or not cross-TRP indication is enabled in the scheduling occasion. One of the possible ways is increasing additional indication in DCI field, whether or not enable cross-TRP indication depends on the coordination of the two TRPs and transmission requirements. For instance, for non-ideal backhaul, it is reasonable to indicate the TCI states corresponding to the same CORESETPoolIndex as the DCI. 
Proposal 4：Support Alt 4. For m-DCI based MTRP scheme, existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values should be used to indicate joint/DL/UL TCI state(s) corresponding to the same or different CORESETPoolIndex value.
In s-DCI based MTRP transmission, for the purpose of multiple TCI states indication for MTRP, in the RAN1#109-e meeting, whether to introduce another TCI field and whether to increase the TCI field sizein DCI is discussed. Based on the current specification, the TCI field in the DCI format 1_1/1_2(with or without DL assignment) can indicate TCI states in Rel-17, that is, DCI will select one codepoint via TCI field, where each TCI codepoint is mapped to activated one or two TCI state(s). Similarly, in Rel-18, the existing TCI field can be reused to indicate multiple TCI states for MTRP, since multiple TCI states for two TRPs could be mapped to one codepoint as discussed above. Thus, it is not necessary to increase the size of TCI field or add new TCI field.
Proposal 5: For s-DCI based MTRP scheme, existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) could be reused to indicate the TCI states for MTRP.
In Rel-16, multiple CCs can be configured in a list for simultaneous TCI state/spatial relation update, if a common TCI state/spatial relation information is updated for a CC in the list, the indicated TCI state/spatial relation information is applied to all CCs in the same list. To further extend the unified TCI framework for MTRP, the multi-CC beam update mechanism can be considered. It should be clarified how to achieve simultaneous unified TCI state update, while STRP-operated CCs and MTRP- operated CCs are in the same list.
Proposal 6：Consider how to achieve simultaneous unified TCI state update while STRP-operated CCs and MTRP- operated CCs are in the same list. 

Mapping between indicated TCI states and channels/signals
PDSCH
For s-DCI based PDSCH reception, one DCI can schedule one or two PDSCH transmissions for one or two TRPs. Thus, the following questions should be handled: if PDSCH is transmitted from STRP, which TRP the PDSCH corresponds to, otherwise, if PDSCH is transmitted from MTRP, how to associate indicated TCI states with scheduled PDSCH transmissions. To dynamically determine the association between indicated TCI state and scheduled PDSCH, introducing a new field in DL DCI could be considered, the design of new field can be similar to “SRS resource set indicator” in UL DCI. 
Proposal 7: For s-DCI based PDSCH reception, a new field in DCI could be introduced to dynamically inform the association between PDSCH and the joint/DL TCI state(s) indicated by DCI/MAC CE.
PDCCH
	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
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]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


[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For PDCCH reception, CORESET grouping can be supported, each CORESET group is associated with a TRP. In PDCCH repetition transmission, two linked search space sets are associated with the CORESETs in different CORESET groups, UE can monitor two PDCCH candidates corresponding to two TRPs, respectively. In PDCCH SFN, a CORESET can be included in two CORESET groups simultaneously, so that two indicated TCI states can be applied to a CORESET in SFN scheme. To inform the CORESET belongs to which CORESET group(s), an RRC parameter could be introduced in CORESET configuration. In addition, the “CORESET group ID” can be regarded as “TRP-ID”, since the association between TCI state and TRP has been determined via TRP-specific TCI state pool, the association between the indicated TCI state and PDCCH is determined accordingly.
Proposal 8: On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) for PDCCH, Alt1-2 is preferred.
PUCCH
	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


Similar to the grouping rule of CORESET, PUCCH resources can be grouped and each PUCCH resource will belong to one or two PUCCH resource groups. RRC parameters could be introduced in PUCCH-Config to inform the association between the PUCCH resource group and the CORESET group. As we mentioned above, the “CORESET group ID” can be regarded as “TRP-ID”, then, the association between indicated TCI states and PUCCH could be determined.
Proposal 9: On unified TCI framework extension for S-DCI based MTRP, to inform the association with joint/UL TCI state(s) for PUCCH transmission, support Alt 2.
PUSCH
	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


In Rel-17 the “SRS resource set indicator field” is introduced in format 0_1/0_2 to indicate the switching between STRP/MTRP for DG-PUSCH and CG-PUSCH. We think SRS resource set indicator field can be reused to associate the indicated TCI states with one or two TRPs in a CC/BWP.
Proposal 10: Support Alt1, reuse the existing SRS resource set indicator field in 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.
UL PC for UL MTRP
	Agreement
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 


For s-DCI based MTRP, two SRS resource sets are configured and each SRS resource set can be associated with an indicated UL or joint TCI state for a TRP. For a TRP, the UL PC parameter setting and PL-RS associated with the indicated TCI state is applied for all SRS resource in a set. For m-DCI based MTRP, the same solution as s-DCI based MTRP can be reused, i.e. each SRS resource set from two configured SRS resource sets is associated with a CORESETPoolIndex value and apply the UL PC parameter setting and PL-RS associated with the indicated TCI state with same CORESETPoolIndex value.Proposal 11: For s-DCI based and m-DCI based MTRP, two SRS resource sets can be configured and associated with different indicated TCI states respectively. For a TRP, the UL PC parameter setting and PL-RS associated with the indicated TCI state is applied for the corresponding SRS resource set.
Based on the agreement in RAN1#109-e meeting, the group arrived at the conclusion that for s-DCI based PUCCH/PUSCH MTRP scheme, UL power control parameter setting {p0, alpha, closed loop index} and a PL-RS associated with indicated joint/UL TCI state are applied similar to Rel-17. However, if the power control parameter settings are not configured in the indicated TCI states, two default PC parameter settings can be configured in BWP-UplinkDedicated, where each default PC parameter setting is used for downlink pathloss estimation for a TRP.
Proposal 12: If the power control parameters are not configured with indicated TCI state(s), two default power control parameter sets can be configured in BWP-UplinkDedicated.

STxMP
In RAN1#110 meeting, the SDM based STxMP PUSCH transmission in s-DCI based MTRP scheme was supported in working assumption. Accordingly, the beam indication mechanism should be determined. From our perspective, beam indication mechanism for SDM based STxMP PUSCH could be the same as that for PDSCH transmission, two UL/joint TCI states need to be indicated. 
Proposal 13：Beam indication mechanism for STxMP PUSCH could be the same as that for PDSCH transmission, two UL/joint TCI states need to be indicated.
In Rel-18 STxMP, the Rel-17 power control mechanism can be reuse for panel-specific power control. For example, two PC parameter settings and PL-RSs can be determined by two indicated TCI states for multi-TRP and applied for PUCCH, PUSCH, SRS. Besides, closed-loop power control in Rel-17 can be reused for STxMP, e.g. two TPC fields for Rel-17 UL mTRP.
Proposal 14：For power control of STxMP, support panel-specific power control mechanism including closed-loop power control and open-loop power control determined by indicated unified TCI states.
In Rel-15/Rel-16/Rel-17, for one PUCCH/PUSCH, the transmission power is calculated according to the same power control formulations in clause 7 of 38.213, which would not exceed the maximum allowed transmission power. However, when STxMP PUCCHs/PUSCHs from different UE panels are transmitted, the transmission power of each PUCCH/PUSCH can be achieved independently as the legacy scheme. There is possibility that the sum power of the two PUCCHs or PUSCHs may exceed the maximal allowed transmission power for one UE. Thus, enhancement on power control for STxMP should be considered, for example, panel-specific power limits are introduced for panel-specific power control.
Proposal 15: For STxMP PUSCH/PUCCH, when the total transmission power of PUSCHs/PUCCHs from different UE panels exceeds the maximal allowed transmission power per UE, power control enhancement should be considered.

Conclusion
Proposal 1: Regarding unified TCI framework for MTRP, TRP-specific TCI states list configuration can be introduced, and compared with Rel-17, the total number of TCI states from all UL TCI state lists and from all DL or joint TCI state lists configured in a CC/BWP should not be increased.
Proposal 2: On unified TCI framework extension, up to 4 TCI states can be applied in a CC/BWP, where these TCI states are indicated/ updated by MAC-CE/DCI with the necessary MAC-CE based TCI state activation. One of the following combinations can be applied in a CC/BWP for MTRP operation:
· 2 joint TCI states 
· 2 pairs of DL and UL TCI states
· 1 pair of DL and UL TCI states + 1 DL TCI state
· 1 pair of DL and UL TCI states + 1 UL TCI state
· 1 UL (or DL) TCI state + 1 UL (or DL) TCI state
· 1 UL TCI state + 1  DL TCI state
Proposal 3: A common sense should be clarified that if UE receives a TCI state indication including different number of TCI states from the current TCI states, whether it means TCI state update or it means STRP/MTRP switching.
Proposal 4：Support Alt 4. For m-DCI based MTRP scheme, existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values should be used to indicate joint/DL/UL TCI state(s) corresponding to the same or different CORESETPoolIndex value.
Proposal 5: For s-DCI based MTRP scheme, existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) could be reused to indicate the TCI states for MTRP.
Proposal 6：Consider how to achieve simultaneous unified TCI state update while STRP-operated CCs and MTRP- operated CCs are in the same list. 
Proposal 7: For s-DCI based PDSCH reception, a new field in DCI could be introduced to dynamically inform the association between PDSCH and the joint/DL TCI state(s) indicated by DCI/MAC CE.
Proposal 8: On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) for PDCCH, Alt1-2 is preferred.
Proposal 9: On unified TCI framework extension for S-DCI based MTRP, to inform the association with joint/UL TCI state(s) for PUCCH transmission, support Alt 2.
Proposal 10: Support Alt1, reuse the existing SRS resource set indicator field in 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 11: For s-DCI based and m-DCI based MTRP, two SRS resource sets can be configured and associated with different indicated TCI states respectively. For a TRP, the UL PC parameter setting and PL-RS associated with the indicated TCI state is applied for the corresponding SRS resource set.
Proposal 12: If the power control parameters are not configured with indicated TCI state(s), two default power control parameter sets can be configured in BWP-UplinkDedicated.
Proposal 13：Beam indication mechanism for STxMP PUSCH could be the same as that for PDSCH transmission, two UL/joint TCI states need to be indicated.
Proposal 14：For power control of STxMP, support panel-specific power control mechanism including closed-loop power control and open-loop power control determined by indicated unified TCI states.
[bookmark: _GoBack]Proposal 15: For STxMP PUSCH/PUCCH, when the total transmission power of PUSCHs/PUCCHs from different UE panels exceeds the maximal allowed transmission power per UE, power control enhancement should be considered.
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