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Introduction

In RAN#94e, the extension of the Rel. 17 unified TCI framework for Rel. 18 was agreed [1]. In this contribution, remaining issues regarding the extension of the unified TCI framework for multi-TRP scenarios are discussed. 
Default TCI-states and MAC-CE activation in heterogeneous single- and multi-TRP modes

The following agreements have been made regarding the scheduling of S-DCI-based multi-PUSCH [2]: 

	Agreement (RAN1#112)
On unified TCI framework extension for S-DCI based MTRP, when two SRS resource sets for CB/NCB are configured, support the followings for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 (including DG and Type2 CG):
· If the DCI format 0_1/0_2 indicates codepoint "00" for the existing SRS resource set indicator, the UE shall apply the first indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If the DCI format 0_1/0_2 indicates codepoint "01" for the existing SRS resource set indicator, the UE shall apply the second indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If the DCI format 0_1/0_2 indicates codepoint "10" or “11” for the existing SRS resource set indicator:
· For TDM based PUSCH Tx scheme, the UE shall apply the first indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the first SRS resource set for CB/NCB, and the second indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the second SRS resource set for CB/NCB (note: the association between an SRS resource set for CB/NCB and PUSCH transmission occasions(s) is defined according to TS 38.214)
· FFS: SDM and SFN based PUSCH Tx schemes
FFS: The case that the spatial Tx filter(s) determined from the indicated joint/UL TCI state(s) applied to a PUSCH transmission is different from the spatial Tx filter(s) used for the SRS transmission corresponding to the SRS resource(s) indicated to the PUSCH transmission

Agreement (RAN1#112b-e)
On unified TCI framework extension for S-DCI based MTRP, the UE shall apply the first indicated joint/UL TCI state to PUSCH transmission(s) scheduled/activated by DCI format 0_0 (including DG and Type2 CG).

Agreement (RAN1#112b-e)
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration is provided to a Type1 CG configuration to inform that the UE shall apply the first, the second, or both indicated joint/UL TCI states to the corresponding CG-PUSCH transmission
· If the first or the second indicated joint/UL TCI state is applied, the UE shall apply the first or the second indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If both indicated joint/UL TCI states are applied:
· For TDM based PUSCH Tx scheme, the UE shall apply the first indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the first SRS resource set for CB/NCB, and the second indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the second SRS resource set for CB/NCB 
· FFS: SDM and SFN based PUSCH Tx schemes

Agreement (RAN1#113)
On unified TCI framework extension for S-DCI based MTRP, when two indicated joint/UL TCI states are applied to a PUSCH transmission 
· For SDM and SFN based PUSCH Tx schemes, the UE shall apply the first indicated joint/UL TCI state to the PUSCH antenna port(s) associated with the first SRS resource set, and the second indicated joint/UL TCI state to the PUSCH antenna port(s) associated with the second SRS resource set, respectively.
· Note: The association between PUSCH antenna port(s) and an SRS resource set is discussed and defined in STxMP AI



The unified TCI framework is required to support various combinations of channels in single-TRP and multi-TRP scenarios. For the PDSCH, dynamic switching between STRP/MTRP SDM schemes is possible without any RRC configuration. For other schemes, however, the mapping is governed by the RRC-configured MTRP scheme (FDM/TDM) and the Rel. 16 rules that apply to a given configuration. The agreements made so far for PDSCH are enough to support S-DCI-based MTRP in the unified TCI framework. However, in the UL, configuration of two SRS resources sets is always required to support multi-panel/TRP-based TDM or SDM. The current set of agreements shown above for the PUSCH only discuss the following scenarios: 
· PUSCH scheduled/activated by DCI format 0_1/0_2 and the UE configured with 2 SRS resources sets – the SRS resource set indicates the TCI-state mapping. 
· PUSCH scheduled/activated by DCI format 0_0 – the 1st indicated TCI state is always applied.
· PUSCH scheduled by configured grant – the indication is provided in the PUSCH configuration. 
In the discussions so far, the following combination of configurations has not been included: PUSCH scheduled/activated by DCI format 0_1/0_2 and the UE is configured with only one SRS resource set, while more than one joint/UL TCI-states are indicated. In this case, there is no SRS resource set indicator field in the scheduling DCI as the field is present only when two SRS resource sets are configured. This scenario may happen when PUCCH is configured for MTRP repetition while the PUSCH is not in separate TCI mode, or when the DL is configured for MTRP with joint TCI mode while the UL is not. 

Proposal 1: A default TCI-state shall be specified when multiple joint/UL TCI-states are indicated via the unified TCI signalling, but the UE is configured with only one CB/NCB-based SRS resource set and a PUSCH is scheduled by DCI format 0_1/0_2.

In addition to studying the default TCI-state in the above case, the same for PUCCH and PDCCH need to be studied as well.  The PDCCH and PUCCH are enabled with RRC configurations to indicate which of the indicated TCI-states shall be applied to them in single-DCI-based MTRP scenario. However, it may not be advisable to always configure the parameter as even the determination of the ‘single-DCI-based MTRP’ mode may be determined based on MAC-CE mapping of the TCI-states to the TCI state indication field in the DCI. To avoid such mandatory configuration and flexibility of a fallback, default TCI-state shall be defined for PDCCH and PUCCH when no RRC configuration to indicate TCI-state selection is present. 

Proposal 2: The RRC configuration to indicate TCI-state selection {first, second, both, none} in single-DCI-based MTRP mode for PUCCH and PDCCH shall not be mandatory. 

Proposal 3: RAN1 shall study the application of a default TCI-state in the following scenarios for single-DCI-based MTRP scenario:
· When multiple UL/joint TCI-states are indicated via the unified TCI signalling and PUCCH resources do not comprise any RRC configuration regarding the application of the indicated UL/joint TCI-states. 
· When multiple DL/joint TCI-states are indicated via the unified TCI signalling and CORESETs do not comprise any RRC configuration regarding the application of the indicated DL/joint TCI-states. 
With various combinations of heterogenous STRP/MTRP modes possible, one combination that could be considered to tailor the network signalling is when one direction of communication (the DL or the UL) is in MTRP mode while the other is not, i.e., channel(s) and/or RS(s) in the UL are configured for MTRP while none of the channels and RSs in DL are configured for MTRP, or vice-versa. In such a case, at least in separate TCI mode, there is no necessity for the network to indicate multiple TCI-states for the direction where only STRP configuration is performed. Since RRC signalling is required for MTRP configuration, tailoring the MAC-CE command to activate TCI states may map a codepoint of the TCI field to only one UL/DL TCI-state if the UL/DL is configured with only STRP. The MAC-CE may not update or activate the second of the two activated UL/DL TCI-states for a codepoint if the UL/DL is configured only for STRP. 

Proposal 4: If all channels and RSs in the UL or DL are configured only for STRP transmissions, the MAC-CE activation may update and/or activate only the first of the two UL or DL TCI-states for a TCI codepoint in the DCI, respectively, in separate TCI mode. 
TCI-state mapping for PUCCH in multi-DCI-based multi-TRP scenario

The following was agreed on this issue in RAN1#112 [2]:

	Agreement
On unified TCI framework extension for M-DCI based MTRP, down-select from the following options for PUCCH transmission:
· Opt1: A coresetPoolIndex value can be provided per PUCCH resource/resource group, and the UE shall apply the indicated joint/UL TCI state specific to the coresetPoolIndex value to the corresponding PUCCH transmission
· Opt2: An RRC configuration can be provided per PUCCH resource/resource group to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding PUCCH transmission, where the first and the second indicated joint/DL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
· Opt3: For a PUCCH transmission triggered by PDCCH on a CORESET when the UCI in the PUCCH transmission carries HARQ-ACK information only, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is determined from the one associated with the CORESET. Otherwise, either Opt1 or Opt2 is adopted.
· FFS: Whether Opt3 applies only when the UE is not provided with ackNackFeedbackMode = joint
· Opt4: For a PUCCH transmission with an LRR trigged for either the first BFD-RS set () or the second BFD-RS set () when the UE is provided only one or two schedulingRequestID-BFR configuration, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is 1 when the LRR is trigged for the first BFD-RS set () and the coresetPoolIndex value is 0 when the LRR is trigged for the second BFD-RS set (). Otherwise, either Opt1 or Opt2 is adopted.
Note: Either Opt1 or Opt2 must be supported



From the above agreement, Opt. 2 was chosen in RAN1#112-bis [2]. 

	Agreement
On unified TCI framework extension for M-DCI based MTRP, support at least Opt2 for PUCCH transmission, and Opt1 is not supported
Note: Opt3 and Opt4 are not precluded



The chosen option applies universally to all PUCCH resources. However, the association of TRPs with the PUCCH resources is not dynamic. For the case that a PUCCH resource is indicated in a DCI (for carrying HARQ for PDSCH), the association of the resource with the PDCCH enables dynamic modification of the TRP association, thereby offering higher flexibility of PUCCH beam management to the network. Option 3 may be used to override the higher layer association of the TCI-state selection index for PUCCH resources or additionally perform the association of the index for PUCCH resources that carry HARQ for PDSCH, thereby enabling dynamic PUCCH beam management. 

Proposal 5: The following shall be enabled for PUCCH resources in M-DCI-based MTRP:
· Opt3: For a PUCCH transmission triggered by PDCCH on a CORESET when the UCI in the PUCCH transmission carries HARQ-ACK information only, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is determined from the one associated with the CORESET. 
Conclusion

From the above discussions, the following proposals are made:

Proposal 1: RAN1 shall specify a default TCI-state when multiple joint/UL TCI-states are indicated via the unified TCI signalling, but the UE is configured with only one CB/NCB-based SRS resource set and a PUSCH is scheduled by DCI format 0_1/0_2.

Proposal 2: The RRC configuration to indicate TCI-state selection {first, second, both, none} in single-DCI-based MTRP mode for PUCCH and PDCCH shall not be mandatory. 

Proposal 3: RAN1 shall study the application of a default TCI-state in the following scenarios for single-DCI-based MTRP scenario:
· When multiple UL/joint TCI-states are indicated via the unified TCI signalling and PUCCH resources do not comprise any RRC configuration regarding the application of the indicated UL/joint TCI-states. 
· When multiple DL/joint TCI-states are indicated via the unified TCI signalling and CORESETs do not comprise any RRC configuration regarding the application of the indicated DL/joint TCI-states.  
Proposal 4: If all channels and RSs in the UL or DL are configured only for STRP transmissions, the MAC-CE activation may update and/or activate only the first of the two UL or DL TCI-states for a TCI codepoint in the DCI, respectively, in separate TCI mode.

Proposal 5: The following shall be enabled for PUCCH resources in M-DCI-based MTRP:
· Opt3: For a PUCCH transmission triggered by PDCCH on a CORESET when the UCI in the PUCCH transmission carries HARQ-ACK information only, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is determined from the one associated with the CORESET. 
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