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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, 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]:

	Agreement 
On unified TCI framework extension for S-DCI based MTRP, a 2-bit [TCI selection field] can be configured by RRC to be present in a DCI format 1_1/1_2 that schedules/activates PDSCH reception (including dynamic PDSCH and SPS PDSCH) according to the followings:
· If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· FFS: Whether and how to use the codepoint "11" of the [TCI selection field]
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2 regardless of threshold, above apply to PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2. 
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above apply to the scheduled/activated PDSCH reception when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold
· FFS: How to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2
FFS: Detail of the capability of two default beams for S-DCI based MTRP 
FFS: The threshold value

Agreement 
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 
On unified TCI framework extension for S-DCI based MTRP, down-select at least one of the followings for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field]:
· 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
· Alt2: The UE shall apply the first one of two indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception
· Alt3: The UE shall apply both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· Alt3A: 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
· Alt4: Which indicated joint/DL TCI state(s) is/are applied to the scheduled/activated PDSCH reception is determined according to the existing TCI field of the most recently applied beam indication DCI
Above applies at least if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold (if the threshold is needed)


2.1 Switching between STRP and MTRP in DL

It has been agreed that a new indicator field, a TCI selection field, is supported in the DCI to indicate whether one or both of the indicated joint/DL TCI states are applied to the scheduled/activated PDSCH(s) reception(s). With this concept of the TCI-state indication for PDSCH, the dynamic switching between MTRP and STRP, at least partially, 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 STRP/MTRP switching is enabled when the indicator field is absent. 

When the selection field is present and the TCI field codepoint indicates two joint/DL TCI-states, the choice of which one(s) to apply to the PDSCH, is determined by the selection field. Since the TCI field codepoint indicates TCI-states for multiple channels, a single indicated TCI-state via the DCI might help in modifying the 1st or the 2nd indicated joint or DL TCI-state for the DL as a whole, and not necessarily to merely switch to a single TRP mode for the PDSCH. In essence, the UE is always required to maintain two TCI-states and to store/track two TCI-states constantly. Moreover, a heterogeneous mode of STRP/MTRP operation is possible between PDSCH (and PUSCH and/or PUCCH) and the PDCCH with the above method. A backward compatibility with the Rel. 17 unified TCI framework for STRP, however, is possible only via RRC reconfiguration, which is understandable considering the various combinations of M-TRP and S-TRP channels and/or RSs that need to be supported with this method. 

When the indicator field is absent, the following possibilities exist as provided in the agreement from RAN1#112. The maintenance of the two TCI-states by the UE as described previously is assumed for some of the methods. They are described below along with their implications for the operating modes enabled by them: 
· 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 of transmission is semi-statically configured via RRC.
· Alt2: The UE shall apply the first one of two indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception
· This one enables S-TRP by default (at least when just one TCI-state is indicated). This can also be used for DCI format 1_0. 
· Alt3: 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. RRC reconfiguration of at least the PDSCH needs to be performed to switch to the STRP mode.
· Alt3A: 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 is similar to the case when the TCI field is not present in the DCI in previous releases, but also extends to modes other than just STRP-PDCCH. When the PDCCH is configured via RRC on which TCI-states to apply, thereby enabling a S-TRP or MTRP based PDCCH repetition or SFN, the PDSCH either operates on the same mode as the PDCCH (either STRP or MTRP). However, the mapping of the TCI-states in MTRP mode – SFN or any of the Rel. 16 STRP-based PDSCH (SDM, FDM and TDM A/B) schemes – may be determined by RRC configuration and/or taken from previous releases.
· Alt4: Which indicated joint/DL TCI state(s) is/are applied to the scheduled/activated PDSCH reception is determined according to the existing TCI field of the most recently applied beam indication DCI
· In this case, the number of TCI states indicated determines the STRP or MTRP mode, which may not enable a heterogeneous deployment of STRP/MTRP modes across PUSCH and PDSCH (e.g., PDSCH with MTRP and PUSCH with STRP or vice-versa). 
From the above discussion, it can be observed that without the TCI selection field, while the switching between STRP and MTRP may not be fully dynamic, Alt3A may provide a good opportunity to realize STRP/MTRP switching even without the field. Moreover, the alignment of the switch between STRP and MTRP for both the PDSCH and PDCCH is a sensible use-case. With the other methods, the switching can either be independently configured in a semi-static manner, or it affects the STRP/MTRP operation of the other channels. Alt3 stands out from the rest of the alternatives and proposes to fall back to STRP mode when there is not DCI field configured for dynamic switching, which means that the specification enables either dynamic switching between MTRP or STRP modes via DCI, or there exists only STRP operation, which is quite restrictive. While it is attractive as a default mode when there is no MTRP operation configured otherwise, it would not be preferable when the PDSCH is configured for MTRP operation. 

Proposal 1: In the case of single-DCI-based MTRP, when the TCI selection field is absent in the DCI format scheduling PDSCH, Alt3A is preferred: 
· 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. 
Proposal 2: Reuse Rel. 16 TCI-state mapping rules for single-DCI-based M-TRP PDSCH when applying multiple TCI-states to a PDSCH. 
2.2 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. 
2.3 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, 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, then a default TCI-state shall be chosen from the indicated multiple UL/joint TCI-states. This default may also be applicable for PDSCH or PUSCH scheduled via non-default DCI formats such as 1_1, 1_2, 0_1 or 0_2. 

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:
· 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, a default TCI-state shall be chosen from one of the indicated TCI-states. 

In addition, the study of the above default TCI-states may also be extended to the default DCI formats for PDSCH and PUSCH (DCI formats 0_0 and 1_0).

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:
· 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: RAN1 shall study the application of a default TCI-state for PUSCH and PDSCH scheduled using DCI formats 0_0 and 1_0 respectively when multiple TCI-states are indicated via the unified TCI signalling. 

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 7: 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. 1 and Opt. 2 can stand on their own, i.e., they are universal for all PUCCH resources and they are sufficient to ensure MTRP PUCCH transmissions. Options 3 and 4, on the other hand, are applicable only for PUCCH indicated via the DCI (for carrying the HARQ for PDSCH), while leaving the TCI-state association for the other PUCCH(s) to the higher layer configuration resulting from Opt. 1 or Opt. 2. In our perspective, Opt. 1 is straight-forward as it exploits a direct connection with the CORESET pool index which is the differentiating parameter in the case of M-DCI-based MTRP. Opt. 2, on the other hand, may introduce a new parameter for TRP differentiation in addition to the CORESET pool index, which is redundant and would anyway be performing the same task as the CORESET pool index and is also indirectly related to the CORESET pool index values via the associated TCI-states. Opt. 3, which may not comprise any higher layer configuration for PUCCH resources carrying HARQ or may override higher layer configured CORESET pool index for a PUCCH resource with the one associated with the indicating CORESET, is a more complicated solution, but an acceptable compromise. From the above discussion, the following is proposed: 

Proposal 8: For M-DCI-based MTRP, the following alternative is preferred for PUCCH:
· 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. 
A consequence of the above method of PUCCH grouping would be the segregation of the PUCCH indication as well. The case that a PUCCH resource configured with CORESET pool index 0, but indicated by a PDCCH with CORESET pool index 1 should be clarified. In our perspective, such a case should be avoided so as there is no conflict with the grouping information provided by higher layer for a PUCCH resource. Therefore, the following is proposed:

Proposal 9: For M-DCI-based MTRP, a PDCCH on a CORESET shall only indicate a PUCCH resource associated with the same CORESET pool index value as the CORESET, for the transmission of HARQ information for PDSCH. 
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, Alt. 3A is preferred: 
· 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. 
Proposal 2: Reuse Rel. 16 TCI-state mapping rules for single-DCI-based M-TRP PDSCH when applying multiple TCI-states to a PDSCH. 

Proposal 3: RAN1 shall strive to align the beams used for the SRS resource indicated by an 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:
· 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:
· 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: RAN1 shall study the application of a default TCI-state for PUSCH and PDSCH scheduled using DCI formats 0_0 and 1_0 respectively when multiple TCI-states are indicated via the unified TCI signalling. 

Proposal 7: 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 8: For M-DCI-based MTRP, the following alternative is preferred for PUCCH:
· 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. 
Proposal 9: For M-DCI-based MTRP, a PDCCH on a CORESET shall only indicate a PUCCH resource associated with the same CORESET pool index value as the CORESET, for the transmission of HARQ information for PDSCH. 
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