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Introduction

[bookmark: _GoBack]In RAN#94e, the extension of the Rel. 17 unified TCI framework for Rel. 18 was agreed [1]. In this contribution, various issues regarding the extension of the unified TCI framework for multi-TRP scenarios are discussed. 
Single-DCI-based multi-TRP scenario

The following agreements were made in RAN1#112 on the unified TCI framework extension for S-DCI-based multi-TRP transmissions [2]:

	Conclusion
On unified TCI framework extension for S-DCI based MTRP operation, there is no consensus to support dynamic switching between single-TRP operation and multi-TRP operation for channels/signals based on the number of TCI states mapped to the received TCI codepoint in DCI format 1_1/1_2
· FFS: How to switch between Rel-17 sTRP operation and Rel-18 mTRP operation
Agreement
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
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
On unified TCI framework extension for S-DCI based MTRP, PDSCH-CJT Tx scheme is RRC-configured, and dynamic switching between PDSCH-CJT and other S-DCI based PDSCH Tx schemes is not supported.

Agreement
On unified TCI framework extension for S-DCI based MTRP, the presence of the [TCI selection field] can be RRC-configured per DL BWP
FFS: Whether the presence of the [TCI selection field] can be configured individually for DCI format 1_1 and DCI format 1_2 in the same DL BWP

Agreement
On unified TCI framework extension for S-DCI based MTRP operation, support the followings:
· For a serving cell configured with joint DL/UL TCI mode, a full-set or any sub-set of {first joint TCI state, second joint TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· For a serving cell configured with separate DL/UL TCI mode, a full-set or any sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· TCI state activation command (MAC-CE) should indicate that each joint/DL/UL TCI state mapped to a TCI codepoint is the first or second joint/DL/UL TCI state (detail on how to indicate above is up to RAN2 design)
· The first/second indicated joint/DL/UL TCI state(s) is updated according to the corresponding first/second joint/DL/UL TCI state(s) mapped to the TCI codepoint received by the UE
· If the UE receives a TCI codepoint mapped with a sub-set of {first joint TCI state, second joint TCI state} or {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state}, the UE shall update the first/second indicated joint/DL/UL TCI state(s) according to the first/second joint/DL/UL TCI state(s) in the subset and keep other indicated first/second joint/DL/UL TCI state(s) that is not updated by the received TCI codepoint
Conclusion
On unified TCI framework extension for S-DCI based MTRP, there is no consensus in RAN1 on whether to reuse the Rel-17 RRC parameter followUnifiedTCIstate as a part of the RRC configuration that informs the UE shall apply the first one, the second one, both, or none of the indicated joint/DL TCI states to a CORESET
· Above does not impact how RAN2 writes their specifications 
Agreement
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed)
· FFS: If the UE is configured for CSI-RS resource set, for an aperiodic CSI-RS resource set configured with two Resource Groups for NCJT CSI and configured to follow unified TCI state, if above RRC configuration is not provided to the aperiodic CSI-RS resource set, the UE shall apply the first indicated joint/DL TCI state to the CSI-RS resource(s) in Group 1 and the second indicated joint/DL TCI state to the CSI-RS resource(s) in Group 2.
· ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ is up to UE capability


2.1 TCI selection field absent in DCI format 1_1/1_2

It has been agreed in the previous RAN1 meetings that a new indicator field, a TCI selection field, is supported for DCI format 1_1/1_2 to indicate whether one or both of the indicated joint/DL TCI states are applied to the scheduled/activated PDSCH(s) reception(s) scheduled by the DCI. With this concept of the TCI-state indication for PDSCH, the dynamic switching between MTRP and STRP is enabled by the TCI selection field. However, with the unified TCI in Rel. 16 for STRP that indicates only one joint or DL TCI-state, a way to enable backward compatibility with such indication needs to be discussed. In addition, the new indicator field is also optional, i.e., its presence is enabled via RRC signaling. Therefore, it is also required to discuss how the unified TCI framework for MTRP works when the indicator field is absent. 

When the indicator field is absent, various possibilities exist as provided in the agreement from RAN1#112 [3]. From those possibilities, two of them were down-selected during the discussions in RAN1#112-bis. The currently available options and their implications to STRP/MTRP communication modes at the UE are as follows: 
· Alt1: Using RRC configuration to inform that the UE shall apply the first one, the second one, or both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· STRP or MTRP mode is semi-statically configured via RRC for any configured MTRP operation method (SFN/FDM/TDM/SDM). 
· Alt2: The UE shall apply both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· No switching to STRP is possible with this method if an MTRP operation (FDM, TDM, SDM, SFN, etc.) is configured. Switching to STRP mode is possible only via RRC reconfiguration of the MTRP operation itself. 
· RRC reconfiguration of at least the PDSCH needs to be performed to switch to the STRP mode.
From the above discussion, it can be observed that Alt1 offers higher flexibility via RRC configuration to communicate in STRP mode even when a MTRP operation is configured via RRC. With Alt2, if any MTRP operation such as SDM/FDM/TDM/SFN is configured, it automatically operates in MTRP mode without any option for STRP switching within the provided MTRP operation. While the flexibility provided by Alt1 is understandable, the applicable use-cases are unclear as the switching happens only via RRC reconfiguration. An RRC switching between STRP/MTRP modes via Alt1 may therefore incur a similar overhead as Alt.2. Moreover, with similar latency between the two alternatives, the flexibility offered by Alt1 can be considered as mere redundant RRC configuration. Hence, the following is proposed: 

Proposal 1: In the case of single-DCI-based MTRP, when the TCI selection field is absent in the DCI format scheduling PDSCH, the UE shall apply both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception.
2.2 Default TCI-state for PDSCH scheduled by DCI format 1_0

For PDSCH scheduled by DCI format 1_0, the alternatives discussed RAN1#112-bis for a default TCI state in the case of single-DCI-based MTRP and their implications are as follows:
· Alt1: If the UE is configured with PDSCH-SFN/PDSCH-CJT, the UE shall apply both indicated joint/DL TCI states to PDSCH reception scheduled/activated by DCI format 1_0. Otherwise, the UE shall apply the first indicated joint/DL TCI state to PDSCH reception scheduled/activated by DCI format 1_0.
· The UE operates in MTRP mode even with the default DCI format for SFN/CJT. If the TCI selection field is present in DCI format 1_1/1_2, the STRP switching in the case of SFN/CJT is possible only with DCI format 1_1/1_2. If not, dynamic switching between STRP and MTRP mode is not possible with this method for SFN/CJT. 
· Alt2: The UE shall apply the first indicated joint/DL TCI state to PDSCH reception scheduled/activated by DCI format 1_0.
· The UE defaults to STRP mode with the DCI format 1_0. Dynamic switching between STRP-MTRP modes is enabled via the TCI selection field in DCI format 1_1/1_2 for DCI format 1_0 for PDSCH. 
· Alt3: Using RRC configuration to inform the TCI selection for PDSCH reception scheduled/activated by DCI format 1_0.
· RRC-based switching is enabled between STRP and MTRP modes for DCI format 1_0. While STRP-MTRP switching (dynamically or possibly via RRC) is already possible with DCI format 1_1/1_2, the need for the default format also to enable switching is unclear. 
· Alt4: The UE shall apply the same joint/DL TCI state(s) that is applied to the PDCCH reception with the scheduling/activation DCI to the scheduled/activated PDSCH reception.
· This alternative aligns the beams between PDCCH and PDSCH, which is not of priority and not the design behind the unified TCI framework. 
From the above discussion, Alt2 is the clear favourite in offering STRP-MTRP switching flexibility and aligning with the purpose of the default DCI format. 

Proposal 2: In the case of single-DCI-based MTRP, the UE shall apply the first indicated joint/DL TCI state to PDSCH reception scheduled/activated by DCI format 1_0.
2.3 TCI-state selection and mapping for STRP/MTRP PUSCH

In the case of dynamic-grant-based multi-TRP PUSCH, it has been agreed that the SRS resource set indicator field is used for indicating the applied TCI states for PUSCH [2] to enable dynamic switching between STRP and MTRP transmissions. Since the mode of transmission (SFN, MTRP TDM repetition or SDM) is determined by RRC configuration, the mapping of the TCI states to the PUSCH transmission occasion(s) and/or ports can automatically be performed based on the mapping used for the respective transmission mode. An arguably important issue in the indication of the joint or UL TCI states for the PUSCH would be the misalignment/non-alignment of the TCI states or spatial relation between the SRI used for the scheduling of a PUSCH, and the PUSCH itself. In previous releases, the SRI, though used for the evaluation and/or indication of the precoding information, the MCS and rank for the PUSCH scheduled, is not used as a reference for spatial relation with unified TCI. Even though a PUSCH may not always follow the SRI, an alignment would be a sensible implementation and useful in future releases for beam alignment. 

Proposal 3: RAN1 shall strive to align the beams used for the SRS resource indicated by the SRI and a PUSCH scheduled using the SRI. 
2.4 Default and indicated number of TCI-states for heterogeneous single- and multi-TRP modes across various channels

The unified TCI framework is required to support various combinations of channels in single-TRP and multi-TRP scenarios. While dynamic switching is supported in the case of PDSCH and PUSCH, they are applicable only in cases of higher layer configuration that supports MTRP transmission (2 SRS resources per resource set or RRC-configured MTRP scheme for PDSCH). When such a configuration is absent, i.e., the channel is configured only for single-TRP transmission, the choice of a default TCI-state is to be determined for the channel. 

In the case that no MTRP scheme such as MTRP-SDM/FDM/TDM or SFN is configured for the PDSCH, while the PDCCH and/or the UL is configured with MTRP schemes, then a default TCI-state from the indicated multiple DL/joint TCI-states shall be chosen. Similarly, if only one SRS resource set is configured for CB/NCB-based PUSCH, while other channels/RSs are configured with MTRP, then a default TCI-state shall be chosen from the indicated multiple UL/joint TCI-states. 

Proposal 4: RAN1 shall study the application of a default TCI-state in the following scenarios for single-DCI-based MTRP scenario when multiple TCI-states are indicated via the unified TCI signalling (e.g., when PxCCH(s) is/are configured with MTRP schemes):
· PDSCH scheduled by DCI format 1_1/1_2 and not configured with any MTRP scheme such as SFN or MTRP-SDM/FDM/TDM. 
· PUSCH scheduled by DCI format 0_1/0_2 and not configured with any MTRP scheme or configured with only one CB/NCB-based SRS resource set.
In the above discussion, the PDSCH may be configured only for single TRP transmissions, while the PDCCH is configured for multi-TRP transmissions, which requires the indication of two TCI-states by the network. Only one of the TCI-states is useful for the PDSCH, while both the TCI-states are used for the PDCCH transmissions. Such a use-case also applies between the PUSCH and the PUCCH. 

The defaults similarly have to be studied for the PUCCH and the PDCCH as well.  In the case of the PDCCH or the PUCCH, the absence of RRC configurations regarding which of the indicated TCI-states shall be applied to them, would denote that they are configured only for STRP. In such cases, when multiple TCI-states are indicated (as other channels may be operating in MTRP mode), a default TCI-state shall be chosen from one of the indicated TCI-states. 

Proposal 5: RAN1 shall study the application of a default TCI-state in the following scenarios for single-DCI-based MTRP scenario when multiple TCI-states are indicated via the unified TCI signalling (e.g., when PxSCH(s) is/are configured with MTRP schemes):
· PUCCH resources that do not comprise any RRC configuration regarding the application of the indicated UL/joint TCI-states. 
· CORESETs that do not comprise any RRC configuration regarding the application of the indicated DL/joint TCI-states. 
In the above, the scenario that a subset of channels are configured for MTRP while the other are not, in one direction of communication (the DL or the UL), was discussed. Another possible scenario of hybrid MTRP-STRP configuration is when only 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. This would avoid the UE from tracking more TCI-states in the UL or DL than necessary. Therefore, the following is proposed:

Proposal 6: 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 [3]:

	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 7: 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: In the case of single-DCI-based MTRP, when the TCI selection field is absent in the DCI format scheduling PDSCH, the UE shall apply both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception.

Proposal 2: In the case of single-DCI-based MTRP, the UE shall apply the first indicated joint/DL TCI state to PDSCH reception scheduled/activated by DCI format 1_0.

Proposal 3: RAN1 shall strive to align the beams used for the SRS resource indicated by the SRI and a PUSCH scheduled using the SRI.

Proposal 4: RAN1 shall study the application of a default TCI-state in the following scenarios for single-DCI-based MTRP scenario when multiple TCI-states are indicated via the unified TCI signalling (e.g., when PxCCH(s) is/are configured with MTRP schemes):
· PDSCH scheduled by DCI format 1_1/1_2 and not configured with any MTRP scheme such as SFN or MTRP-SDM/FDM/TDM. 
· PUSCH scheduled by DCI format 0_1/0_2 and not configured with any MTRP scheme or configured with only one CB/NCB-based SRS resource set.
Proposal 5: RAN1 shall study the application of a default TCI-state in the following scenarios for single-DCI-based MTRP scenario when multiple TCI-states are indicated via the unified TCI signalling (e.g., when PxSCH(s) is/are configured with MTRP schemes):
· PUCCH resources that do not comprise any RRC configuration regarding the application of the indicated UL/joint TCI-states. 
· CORESETs that do not comprise any RRC configuration regarding the application of the indicated DL/joint TCI-states. 
Proposal 6: 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 7: 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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