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Introduction

In RAN#94e, the extension of the Rel. 17 unified TCI framework in 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#111 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 DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception is used to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
· The presence of the DCI field is configurable by RRC; when the DCI field is not present in DCI format 1_1/1_2, the UE shall apply the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: Details on the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: The DCI field is a new indicator field or an existing field (e.g., the existing TCI field)
· FFS: Regardless the DCI field is present or not present, how to apply the indicated joint/DL TCI state(s) to PDSCH reception if the offset between the reception of the DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold 
FFS: How to apply the indicated joint/DL TCI state(s) to PDSCH reception scheduled/activated by DCI format 1_0.
Above applies for the case where PDSCHs scheduled by the same DCI.

Agreement
On unified TCI framework extension for S-DCI based MTRP, use RRC configuration to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states to a PUCCH resource/group
· Note: Detail of the RRC configuration is left to RAN2 design
Agreement
On unified TCI framework extension for S-DCI based MTRP, in one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL/UL TCI state(s) for one or both of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Increase on the size of the TCI field
· Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS
Agreement
On unified TCI framework extension for S-DCI based MTRP, use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in the 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.

Agreement
On unified TCI framework extension for S-DCI based MTRP, a new indicator field is supported as the DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
FFS: Detail design of the new indicator field.


2.1 Switching between STRP and MTRP in DL

As mentioned above, in RAN1#111, it was 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 reception. With this conception 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 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 is also 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 determine how STRP/MTRP switching is enabled when the indicator field is absent. 

When the selection field is present, if the TCI field codepoint indicates 2 joint/DL TCI-states, the choice of which one(s) to apply to the PDSCH, is determined by the selection field. From the offline discussions before RAN1#112, the possibility of the TCI field codepoint to indicate just one TCI-state was also discussed. 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 just switch to a single TRP mode for the PDSCH. In summary, the operation of the DL unified TCI framework, as understood from the offline discussions, is as follows:
· The UE maintains two TCI-states for applying to DL channel(s) and/or RS(s).
· The network may indicate up to 2 joint or DL TCI-states for the DL channel(s) and/or RS(s) via a TCI codepoint in a DCI with/without data assignment.
· The TCI-state(s) mapped to various TCI codepoints are provided by a MAC-CE message beforehand. 
· If two are indicated by the TCI codepoint for DL, the first and second TCI-states maintained by the UE are populated. 
· One or both of the two TCI-states are applied by the UE for the PDSCH based on the indicator field’s value. 
· If only one TCI-state is indicated, the UE shall know if the indicated TCI-state is to update the 1st or the 2nd TCI-state that the UE maintains (the indicator field is therefore still valid even when one TCI-state is indicated). From the discussions, it was evident that the UE shall know if the 1st or 2nd maintained TCI-state is updated by the DCI, via MAC-CE activation of the indicating codepoint. 
· The application of the TCI-states for the PDCCH follows the RRC configuration provided per CORESET. 
With the above method, the UE is always required to maintain two TCI-states and to store/track 2 TCI-states constantly. Moreover, a heterogenous mode of STRP/MTRP operation is possible between PDSCH and the PDCCH with the above method. A backward compatibility with 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, as described in the offline discussions, the following possibilities exist. Among some of the above methods, the maintenance of the two TCI-states by the UE as described previously is assumed. They are described below along with their pros and cons: 
· Alt. 1: The TCI-states to be applied for the PDSCH are determined by the RRC.
· STRP or MTRP mode of transmission is semi-statically configured via RRC.
· Alt. 2: One of the applied TCI-states is only applied (a default is set in the spec.)
· This one is enables just S-TRP by default (at least when just one TCI-state is indicated). This can also be used for DCI format 1_0.
· Alt. 3: The UE always applies both the TCI-states. 
· No switching to STRP possible with this method. RRC reconfiguration of at least the PDSCH needs to be performed to switch to STRP.
· Alt. 4: The TCI-state of the PDCCH scheduling the PDSCH is used. 
· 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.   
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, Alt. 4 may provide a good opportunity to realize STRP/MTRP switch 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. Alt. 2, on the other hand, can at least be used for DCI format 1_0.

Proposal 1: When the TCI selection field is present, at least for the case when two joint/DL TCI-states are indicated by the TCI field codepoint, the TCI selection field indicates whether the first, second or both the joint/DL TCI-state(s) are applied for the PDSCH

Proposal 2: When the TCI selection field is present, for the case when one joint/DL TCI-state is indicated by the TCI field codepoint, the MAC-CE design shall determine which of the 2 TCI-states is updated for the UE by the MAC-CE that activates the TCI field codepoints. 
· This proposal presumes the ‘maintenance/tracking’ of 2 TCI-states by the UE for M-TRP scenarios.
Proposal 3: When the TCI selection field is absent, the following alternatives shall be considered: 
· Alt. 2: One of the applied TCI-states (e.g., the 1st TCI-state) is only applied (at least for DCI format 1_0),
· Alt. 4: The TCI-state of the PDCCH scheduling the PDSCH is used. 
Proposal 4: 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, CORESET grouping may be redundant or useless as a single DCI indicates the TCI-states for a PUSCH, and they are applied to different PUSCH repetitions corresponding to different TRPs. The SRS resource set indicator field is used for the mapping of several parameter related to PUSCH indicated via the scheduling DCI to the repetitions. Reusing the same field as the TCI selection field for the PUSCH, would be beneficial and also reduce specification impact. Dynamic switching between STRP and MTRP is enabled by the SRS resource set indicator indicating that only one of the TCI states is applied to all the PUSCH transmission occasions and/or ports of the PUSCH scheduled by the DCI. 

Proposal 5: The SRS resource set indicator field can be used to perform joint/UL TCI state selection for PUSCH. 

[bookmark: _GoBack]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 sensible implementation and useful in future releases for beam alignment. 

Proposal 6: The SRS resource set indicator field in a DCI indicates whether a first, second or both indicated joint or UL TCI states shall be used for the PUSCH transmission occasion(s)/port(s) scheduled by the DCI. 
· For MTRP TDM repetition, the mapping of various scheduling parameters using the field in Rel. 17 shall be reused for TCI state mapping to the PUSCH transmission occasions in Rel. 18.
· For SFN and SDM, the SRS resource set indicator field shall indicate whether the first or second TCI state shall apply to the ports related to both SRIs or if the two TCI states shall apply to the two sets of ports associated with the two respective SRIs.
Proposal 7: RAN1 shall strive to align the beams used for the SRS resource indicated by an SRI and a PUSCH scheduled using the SRI.  
TCI-state mapping for channels and RSs in multi-DCI-based multi-TRP scenario

The following agreements were made on the topic of M-DCI-based MTRP in RAN1#111 [2].

	Agreement
On unified TCI framework extension for M-DCI based MTRP, the same configuration/rule used in Rel-17 unified TCI framework (for determining whether the UE shall apply the indicated joint/DL TCI state to PDCCH on a CORESET and respective PDSCH) is reused to determine whether the UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDCCH on a CORESET associated with the same coresetPoolIndex value and PDSCH scheduled/activated by the PDCCH.

Agreement
On unified TCI framework extension for M-DCI based MTRP, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to PUSCH transmission scheduled/activated by PDCCH (including DG-PUSCH and Type2 CG-PUSCH) on a CORESET that is associated with the same coresetPoolIndex value.



The association of a channel or RS with a value of a CORESET pool index or a different index has to be performed in multi-DCI-based multi-TRP for TCI-state application. The association with a CORESET pool index may be performed for PDSCH, dynamic-grant-based PUSCH and HARQ-carrying-PUCCH via the scheduling PDCCH. For other cases such as configured-grant-based PUSCH and PUCCH carrying CSI or SR and RS(s), such an association, direct/explicit or indirect/implicit, doesn’t exist. For channels or RSs where an association with the CORESET pool index exists, the TCI-state application can be straight-forward as mentioned above. When such an association doesn’t exist for a given channel or RS, TCI-state indication needs to be separately handled. 

In the following subsections, further issues concerning unified TCI framework extension for M-DCI-based MTRP are discussed. 
3.1 TCI-state indication for PUCCH resources

As mentioned above, for any PUCCH resources indicated by a PDCCH (e.g., for carrying HARQ for PDSCH by the PUCCH resource indicator field of a PDCCH), the TCI-state application shall be performed using the CORESET pool index value associated with the indicating PDCCH. This handles the case of PUCCH resources where there is a direct or indirect connection with a CORESET pool index value. However, for some PUCCH resources that may carry CSI or scheduling requests, such a connection with a CORESET pool index value may not exist. Therefore, such resources may be associated with a CORESET pool index value explicitly via higher layer configuration. Therefore, the TCI state corresponding to their CORESET pool index can be applied to them. 

Proposal 8: For PUCCH resources indicated by a PDCCH, the joint/UL TCI state associated with the CORESET pool index value of the PDCCH shall be applied. 

Proposal 9: For PUCCH resources without any connection with a PDCCH, an association via a higher layer with a CORESET pool index value is performed. 
3.2 TCI-state indication for PUSCH

In RAN1#111, the following was agreed in agenda item 9.1.4.1 [2]:

	Agreement 
· For multi-DCI based STxMP, to schedule a PUSCH for STxMP PUSCH+PUSCH transmission, 
· Alt1: The first SRS resource set is associated with coresetPoolIndex value 0 and the other SRS resource set is associated with coresetPoolIndex value 1
· The PUSCH is associated with SRS resource set with the same value of coresetPoolIndex 
· FFS: Which is the first SRS resource set, e.g., the set with lower set ID.
· For Type 1 CG-PUSCH, one SRS_resource_set_index value is configured in RRC in ConfiguredGrantConfig and the srs-ResourceIndicator/precodingAndNumberOfLayers correspond to the SRS resource set



The SRS resource set is associated with a CORESET pool index, which in turn is associated with a PUSCH transmission occasion in STxMP and CG-PUSCH. This makes the TCI-state association straight-forward for these use-cases. However, such an association can also be extended for MTRP PUSCH repetition. This means that the TCI state associated with a CORESET pool index value is applied to the PUSCH associated with an SRS resource set index connected to the CORESET pool index value. 

Proposal 10: Use the association of the CORESET pool index with an SRS resource set index to apply the corresponding UL or joint TCI state to a PUSCH associated with a given SRS resource set index. 
Conclusion

From the above discussions, the following proposals are made:

Proposal 1: When the TCI selection field is present, at least for the case when two joint/DL TCI-states are indicated by the TCI field codepoint, the TCI selection field indicates whether the first, second or both the joint/DL TCI-state(s) are applied for the PDSCH

Proposal 2: When the TCI selection field is present, for the case when one joint/DL TCI-state is indicated by the TCI field codepoint, the MAC-CE design shall determine which of the 2 TCI-states is updated for the UE by the MAC-CE that activates the TCI field codepoints. 
· This proposal presumes the ‘maintenance/tracking’ of 2 TCI-states by the UE for M-TRP scenarios.
Proposal 3: When the TCI selection field is absent, the following alternatives shall be considered: 
· Alt. 2: One of the applied TCI-states (e.g., the 1st TCI-state) is only applied (at least for DCI format 1_0)
· Alt. 4: The TCI-state of the PDCCH scheduling the PDSCH is used. 
Proposal 4: Reuse Rel. 16 TCI-state mapping rules for single-DCI-based M-TRP PDSCH when applying multiple TCI-states to a PDSCH. 

Proposal 5: The SRS resource set indicator field can be used to perform joint/UL TCI state selection for PUSCH. 

Proposal 6: The SRS resource set indicator field in a DCI indicates whether a first, second or both indicated joint or UL TCI states shall be used for the PUSCH transmission occasion(s)/port(s) scheduled by the DCI. 
· For MTRP TDM repetition, the mapping of various scheduling parameters using the field in Rel. 17 shall be reused for TCI state mapping to the PUSCH transmission occasions in Rel. 18.
· For SFN and SDM, the SRS resource set indicator field shall indicate whether the first or second TCI state shall apply to the ports related to both SRIs or if the two TCI states shall apply to the two sets of ports associated with the two respective SRIs.
Proposal 7: RAN1 shall strive to align the beams used for the SRS resource indicated by an SRI and a PUSCH scheduled using the SRI.  

Proposal 8: For PUCCH resources indicated by a PDCCH, the joint/UL TCI state associated with the CORESET pool index value of the PDCCH shall be applied. 

Proposal 9: For PUCCH resources without any connection with a PDCCH, an association via a higher layer with a CORESET pool index value is performed.

Proposal 10: Use the association of the CORESET pool index with an SRS resource set index to apply the corresponding UL or joint TCI state to a PUSCH associated with a given SRS resource set index.  
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