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1 Introduction
Rel-18 MIMO evolution for downlink and uplink [1] will specify extension of the unified TCI framework to MTRP case, UL beam indication enhancements for PUCCH/PUSCH with simultaneous multi-panel UL transmission and power control enhancements. 
In RAN1 110 meeting [2], the following agreements have been made.
	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, 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, 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 paper, we discuss possible enhancements on these scopes in more details.
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2.1 The possible combination(s) of joint/DL/UL TCI states
The specification work in Rel-18 needs to provide the methods to indicate multiple TCI states via existing TCI field in DCI in single-DCI mode. According to the discussions in previous meetings, ‘multiple TCI states’ at least includes the following possible TCI state combinations.
· 1 indicated joint TCI state + 1 indicated joint TCI state
· 1 pair of indicated DL and UL TCI states + 1 pair of indicated DL and UL TCI states
· 1 pair of indicated DL and UL TCI states + 1 indicated DL TCI state
· 1 pair of indicated DL and UL TCI states + 1 indicated UL TCI state
In addition, the following TCI state combinations are also possible and have their own application scenarios.
· 1 indicated joint TCI state + 1 pair of indicated DL and UL TCI states
· 1 indicated joint TCI state + 1 indicated DL TCI state
· 1 indicated joint TCI state + 1 indicated UL TCI state
The various TCI state combinations may require very different signalling formats. For one TCI codepoint, it may correspond to {1,2,3,4} different TCI states, and the mapping between TCI states and TCI codepoint may be activated by MAC CE. One of the possible mapping relationships can be shown using the following table.
Table 1 Possible TCI state combinations
	TCI codepoint
	1st TCI state (TCI state pair)
TCI state(s) for 1st TRP
	2nd TCI state (TCI state pair) 
TCI state(s) for 2nd TRP

	x
	Joint TCI state ID x1
	DL TCI state ID x1
	Joint TCI state ID x2
	DL TCI state ID x2

	
	
	UL TCI state ID x1
	
	UL TCI state ID x2



If TCI field bitwidth is 3-bit as in legacy spec, the number of indicated combinations (i.e., 8 TCI state combinations) is quite limited. The following options can be considered.
· Option 1: Increase the bitwidth of TCI field in DCI
· Option 2: Introduce an additional TCI field in DCI to indicate a second TCI state (TCI state pair) to be applied
· Option 3: RRC indicates the allowed TCI state combination type(s) to reduce the number of possible combinations.
To reduce the complexity, Option 3 is preferred, especially when only one of the possible combination types is allowed. When the TCI state combination type is indicated, the corresponding MAC CE format can be decided on how many TCI states are mapped to one TCI codepoint. In addition, UE capability can be introduced on whether the UE can support a specific TCI state combination type. For example, UE may only support (1 indicated joint TCI state + 1 indicated joint TCI state) or (1 pair of indicated DL and UL TCI states + 1 pair of indicated DL and UL TCI states).
Proposal 1: Support static indication/configuration of TCI state combination type based on UE capability.
In addition, in MTRP scenario, it is not always needed to update two TCI states simultaneously. According to legacy method, MAC CE signalling may need to reserve those TCI codepoints specifically for single TCI state, which further limits the number of TCI state combinations. For example, in the next table, TCI codepoints ‘0’ and ‘1’ are occupied for single TCI state activation.
Table 2 example of TCI state activations
	TCI codepoint
	TCI states

	0
	joint TCI state ID 1

	1
	joint TCI state ID 2

	2
	joint TCI state ID 1 + joint TCI state ID 2


To enable the flexibility of updating one of the TCI states from the indicated TCI state combination, a TCI state update type indication can be considered. For example, for a TCI codepoint mapped with a combination of TCI states as in the next table, the TCI state update type indication can be used to indicate one of the following update methods.
Table 3 example of TCI state activations
	TCI codepoint
	1st TCI state
	2nd TCI state

	0
	joint TCI state ID 1
	joint TCI state ID 2


· Only update 1st TCI state to joint TCI state ID 1, the 2nd TCI state would stay unchanged
· Only update 2nd TCI state to joint TCI state ID 2, the 1st TCI state would stay unchanged
· Update two applied TCI states to (joint TCI state ID 1 + joint TCI state ID 2)
In addition, UE capability can be introduced on whether the UE can support a specific TCI state update type. Therefore, we have the following proposal.
Proposal 2: Support indication/configuration of TCI state update type based on UE capability.

2.2 Associating the unified TCI states
In Rel-17 the RRC IE ‘followUnifiedTCIstate’ is configured per CORESET to enable the common beam operation for PDCCH reception. In Rel-18, a similar approach can be used to associate TCI states with CORESETs, i.e., to support Alt1-1 from RAN1 110 [2] as follows.
	· 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



To be more specific, when the number of indicated unified TCI state is more than one, the extension of ‘followUnifiedTCIstate’ can be considered to map/associate a joint/DL TCI state to PDCCH reception(s). For example, the RRC IE ‘followUnifiedTCIstate’ can be extended to inform UE which unified TCI state in the combination (e.g., 1st or 2nd in the TCI state (pair) combination) is applied for the target CORESET.
Proposal 3: Support Alt1-1 to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, e.g., extending RRC IE ‘followUnifiedTCIstate’ to inform which unified TCI state is applied for the target CORESET.
On the other hand, for CB-based and NCB-based PUSCH transmission, it should be noted that the UL beams of indicated SRS resources in UL grant as precoding indication (e.g., SRI fields in DCI format 0_1/0_2) need to be aligned with the UL beams used to transmit PUSCH. Not only the application of new beams for PUSCH, but also the application of new beams for SRS transmission should be studied.
Proposal 4: UL beams for PUSCH transmissions and associated SRS transmissions should be aligned.
In Rel-17, the RRC IE ‘followUnifiedTCIstateSRS’ is configured per SRS resource set to enable common beam operation for SRS transmission. As the association considered for PDCCH reception (i.e., Proposal 3), the extension of ‘followUnifiedTCIstateSRS’ is also needed for SRS configuration to inform UE which unified TCI state in the combination (e.g., 1st or 2nd in the TCI state (pair) combination) is applied for the target SRS resource set. 
Proposal 5: Support to extend RRC IE ‘followUnifiedTCIstateSRS’ to inform which unified TCI state is applied for the target SRS resource set for CB and NCB based PUSCH transmission.
If the configuration about which unified TCI state is applied for the target SRS resource set is available (e.g., Proposal 5 is supported), SRS indicated in DCI format 0_1/0_2 can then be used to indicate the UL beams and UL power for PUSCH transmission, just the same as what’s specified in previous releases. Therefore, we support the following Alt2 from RAN1 110 [2] as follows.
	· 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


To be more specific, when the number of indicated unified TCI state is more than one, the extension of ‘followUnifiedTCIstateSRS’ can be considered to map/associate a joint/DL TCI state to a SRS resource set, and then in UL grant, SRS resource set field and SRI fields can be used for indicating the UL beams and UL power for scheduled PUSCH transmission.
Proposal 6: Support Alt2, i.e., SRS resource field(s) in DCI 0_1/0_2 is used to inform UL beam(s) for scheduled PUSCH transmission.

2.3 Power control enhancements
According to agreements in last meeting, unified TCI state is used to provide power control related parameters, for example, when 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. 
However, for PUSCH transmission, the codepoint value of SRI field indicated in DCI corresponds a sri-PUSCH-PowerControlId and also points to a UL PC parameter setting configured via RRC.
[image: ]
Figure 1 two possible PC parameter setting
Based on the above discussion, there may be two UL PC parameters settings (one by indicated unified TCI state and the other by indicated SRI in UL grant) which may cause ambiguity at UE. Studies may be needed to align those two possible PC parameter settings.
Proposal 7: The UL PC parameter setting for PUSCH associated with indicated unified TCI state and the UL PC parameter setting for PUSCH indicated via the codepoint value of SRI field in DCI should be aligned.


3 Conclusion
In this contribution, we provided our views on unified TCI framework extension for multi-TRP, and we have the following observations and proposals:
Proposal 1: Support static indication/configuration of TCI state combination type based on UE capability.
Proposal 2: Support indication/configuration of TCI state update type based on UE capability.
Proposal 3: Support Alt1-1 to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, e.g., extending RRC IE ‘followUnifiedTCIstate’ to inform which unified TCI state is applied for the target CORESET.
Proposal 4: UL beams for PUSCH transmissions and associated SRS transmissions should be aligned.
Proposal 5: Support to extend RRC IE ‘followUnifiedTCIstateSRS’ to inform which unified TCI state is applied for the target SRS resource set for CB and NCB based PUSCH transmission.
Proposal 6: Support Alt2, i.e., SRS resource field(s) in DCI 0_1/0_2 is used to inform UL beam(s) for scheduled PUSCH transmission.
Proposal 7: The UL PC parameter setting for PUSCH associated with indicated unified TCI state and the UL PC parameter setting for PUSCH indicated via the codepoint value of SRI field in DCI should be aligned.
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