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In RAN1 #109-e and #110, the following agreements were approved:
	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, 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 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


In this contribution, we provide our views on unified TCI framework extension for multi-TRP.
Unified TCI framework
S-DCI based MTRP
Since up to two TRPs can serve a UE, we can consider the following use cases for M-TRP based unified TCI framework as shown in Figure 1. If UE has capability of beam correspondence (BC), two joint TCI states can be applied for unified TCI framework, where each joint TCI state is associated with one TRP. If UE has capability of no beam correspondence (NBC), separate TCI state type can be configured, where up to 2 UL TCI states and up to 2 DL TCI states can be applied for multi-TRP operation. When UE has the capability of beam correspondence, joint TCI state is suitable for multi-TRP operation. However, if one of UE panel is close to human body as shown is Figure 1 c), the DL beam and UL beam may not be the same for considering maximum power emission (MPE). In this case, two different types of unified framework should be configured simultaneously, where a joint TCI state type is associated with a TRP without considering MPE, and a separate TCI state type is associated with another TRP with MPE issue. Therefore, individual TCI update mode for each TRP is needed.
[image: ]
Figure 1 Use cases for unified TCI framework for M-TRP operation
Proposal 1: On unified TCI framework extension for S-DCI based MTRP, support per-TRP TCI update type. UE can be configured with both separate TCI state and joint TCI state simultaneously for considering MPE issue.

If separate TCI state type is configured for multi-TRP operation, the number of codepoints of TCI field may be not sufficient for all the possible combination(s) of TCI states because there may be up to two DL TCI states and/or up to two UL TCI states indicated by a TCI codepoint. In this case, we can consider to increase the max number of MAE CE activated TCI codepoints and increase the max number of TCI field bits for flexible TCI state indication. For DCI overhead reduction, the bit width for TCI field is determined as  bits, where I is the number of the max number of MAE CE activated TCI codepoints.

Proposal 2: Increase the max number of MAE CE activated TCI codepoints and increase the max number of TCI field bits for flexible TCI state indication. The bit width for TCI field is determined as bits, where I is the number of the max number of MAE CE activated TCI codepoints.

Joint/DL TCI state for PDCCH reception(s)
Since the CORESET configuration is associated with the TCI state(s), we can consider the mapping between a joint/DL TCI state and a group of CORESET. Besides, a unified mapping rule should be taken into consideration for different mechanisms of PDCCH reception, e.g., PDCCH repetition, PDCCH-SFN, PDCCH w/o repetition/SFN, and potential support of dynamic switching between S-TRP and M-TRP for PDCCH. Before establishing the mapping relation, NW can configure two CORESET groups as shown in Fig. 2, where each CORESET group is implicitly associated with one TRP. Note that a CORESET can be configured with two CORESET groups if SFN-PDCCH is considered.
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Figure 2 CORESET group
Proposal 3: On unified TCI framework extension for S-DCI based MTRP, a CORESET can be configured with up to two CORESET groups.
The mapping relation between a joint/DL TCI state and a CORESET group can be informed by MAC CE as shown in Table 1. A codepoint of TCI field contains up to two activated joint/DL TCI states, where each joint/DL TCI state is associated with one CORESET group. Note that the codepoint of TCI field can contain two same activated joint/DL TCI states (e.g., “011” in Table 1). In this case, if TCI field indicates the codepoint containing two same activated joint/DL TCI states, all the CORESETs in both CORESET groups apply one single TCI state, which means UE can switch to S-TRP operation.
Table 1 Mapping between joint/DL TCI state and CORESET group
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Proposal 4: Use MAC-CE to inform the mapping relation between the indicated joint/DL TCI state(s) and CORESET group(s).
Joint/DL TCI state for PDSCH reception(s)
In unified TCI framework for S-TRP operation, the QCL assumption of the DMRS port for the scheduled PDSCH is not indicated by the TCI filed in scheduling DCI with DL assignment but indicated by the applied joint/DL TCI state of previous DCI as shown in Figure 3. If the unified TCI framework was extended to M-TRP operation, the scheduling DCI with DL assignment cannot select one or two joint/DL TCI states from the applied joint/DL TCI states, which may loss the scheduling flexibility.
[image: ]
Figure 3 DM-RS ports are QCLed with applied TCI state(s) indicated by previous DCI 
For the scheduling flexibility, a new 2-bit field can be introduced for indicating TCI state selection for PDSCH reception, i.e., one codepoint for selecting 1st applied TCI state, one codepoint for selecting 2nd applied TCI state, and one codepoint for selecting all the applied TCI states. However, if dynamic switching to S-TRP operation from M-TRP operation is supported, the new 2-bit field may still exist even through there is only one applied TCI state, which may introduce unnecessary signalling overhead.
[bookmark: _Hlk115420745]Therefore, for saving signalling overhead, we can merge the functionality of the new field into the TCI field, where using two codepoints in TCI field to select one of applied joint/DL TCI states for PDSCH reception but not for unified beam updating as shown in Table 2, where one codepoint indicates one of the applied joint/DL TCI states and another codepoint indicated another one of applied joint/DL TCI states. In this case, as shown in Figure 4, if TCI field indicates one of those two codepoints, UE could receive PDSCH from one of TRPs. In the other hand, if the TCI field indicates the codepoint other than those two codepoints, UE could receive PDSCH from both TRPs if the number of applied joint/DL TCI states is two. We also can merge the functionality of the new field into the TCI field with additional bits, e.g., 4-bits TCI field. Two codepoints for applied joint/DL TCI state selection, and the rest of 14 codepoints could be used for more possible combinations of TCI states.
Table 2 TCI field including applied TCI states selection
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Figure 4 Dynamic joint/DL TCI state(s) selection for PDSCH reception from applied joint/DL TCI state(s) according to the indicated codepoint of TCI field
Proposal 5: For scheduling flexibility, support dynamic selection of applied joint/DL TCI states for PDSCH reception, e.g., using two codepoints in TCI field to select one of applied joint/DL TCI states for PDSCH reception not for unified beam updating.
Joint/UL TCI state for PUCCH transmission(s)
Similar as PDCCH, before establishing the mapping relation, NW can configure two PUCCH resource groups as shown in Fig. 5, where each PUCCH resource group is implicitly associated with one TRP. Note that a PUCCH resource can be configured within two PUCCH resource groups if STxMP PUCCH is supported.
[image: ]
Figure 5 PUCCH resource group
Proposal 6: On unified TCI framework extension for S-DCI based MTRP, a PUCCH resource can be configured with up to two PUCCH resource groups.
The mapping relation between a joint or UL TCI state and a PUCCH resource group can be informed by MAC CE as shown in Table 3. A codepoint of TCI field contains up to two activated joint/UL TCI states, where each joint/UL TCI state is associated with one PUCCH resource group. Note that the codepoint of TCI field can contain two same activated joint/UL TCI states (e.g., “011” in Table 3). In this case, if TCI field indicates the codepoint containing two same activated joint/UL TCI states, all the PUCCH resources in both PUCCH resource groups apply one single TCI state, which means UE can switch to S-TRP operation.
Table 3 Mapping between joint/DL TCI state and PUCCH resource group
[image: ]
Proposal 7: Use MAC-CE to inform the mapping relation between the indicated joint/UL TCI state(s) and PUCCH resource group(s).
Joint/UL TCI state for PUSCH transmission(s)
If the unified TCI framework was extended to M-TRP operation, the PUSCH may also not select one or two TCI states from the applied joint/UL TCI states, which may loss the scheduling flexibility. Since the TCI field is not included in the UL grant DCI, a new field for applied TCI state(s) selection is needed for flexible PUSCH transmission. 
Proposal 8: For scheduling flexibility, support a new field for dynamic selection of applied joint/UL TCI states for PUSCH transmission.

[bookmark: _Ref129681832]Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we have the following proposals:
Proposal 1: On unified TCI framework extension for S-DCI based MTRP, support per-TRP TCI update type. UE can be configured with both separate TCI state and joint TCI state simultaneously for considering MPE issue.

Proposal 2: Increase the max number of MAE CE activated TCI codepoints and increase the max number of TCI field bits for flexible TCI state indication. The bit width for TCI field is determined as bits, where I is the number of the max number of MAE CE activated TCI codepoints.
Proposal 3: On unified TCI framework extension for S-DCI based MTRP, a CORESET can be configured with up to two CORESET groups.
Proposal 4: Use MAC-CE to inform the mapping relation between the indicated joint/DL TCI state(s) and CORESET group(s).
Proposal 5: For scheduling flexibility, support dynamic selection of applied joint/DL TCI states for PDSCH reception, e.g., using two codepoints in TCI field to select one of applied joint/DL TCI states for PDSCH reception not for unified beam updating.
Proposal 6: On unified TCI framework extension for S-DCI based MTRP, a PUCCH resource can be configured with up to two PUCCH resource groups.
Proposal 7: Use MAC-CE to inform the mapping relation between the indicated joint/UL TCI state(s) and PUCCH resource group(s).
Proposal 8: For scheduling flexibility, support a new field for dynamic selection of applied joint/UL TCI states for PUSCH transmission.
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