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1  Introduction

In RAN1#110bis e-meeting [1], the following agreements were made for unified TCI framework extension for multi-TRP.

	Agreement

On unified TCI framework extension for M-DCI based MTRP:

· The existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one coresetPoolIndex value can indicate the joint/DL/UL TCI state(s) specific to the same coresetPoolIndex value

· FFS: The UE shall apply the indicated joint/DL/UL TCI state(s) specific to a coresetPoolIndex value to channel(s)/signal(s) that have explicit or implicit association with the same coresetPoolIndex value
· A coresetPoolIndex value field is included in TCI state activation command (MAC-CE) to indicate that the mapping between the activated TCI state(s) and the TCI codepoint(s) is specific to which coresetPoolIndex value

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, support the following:

· Use RRC configuration to inform that the UE shall apply the first one, the second one, both, or none of the joint/DL TCI states indicated by DCI/MAC-CE to a CORESET or a group of CORESETs (if CORESET group configuration is supported)

Agreement

On unified TCI framework extension for M-DCI based MTRP:
· For a serving cell configured with joint DL/UL TCI mode, one joint TCI state can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment)

· For a serving cell configured with separate DL/UL TCI mode, a DL TCI state, an UL TCI state, or a pair of DL and UL TCI states can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment)

Agreement

On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111 for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2:

· Alt1: 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

· Alt2: PUSCH transmission scheduled/activated by the 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

· FFS : PL-RS(s), and UL PC parameter setting(s) (including P0, alpha, and closed loop index) for the PUSCH
Agreement

On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111 for PUCCH transmission:

· 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 associated with the same CORESET group

· Alt3: Use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group

· Note: the association indicates whether the UE shall apply the first one, the second one, or both of the joint/UL TCI states indicated by DCI/MAC-CE to a PUCCH resource/group

Agreement

On unified TCI framework extension, up to 2 joint TCI states can be indicated by MAC-CE/DCI and applied to CJT-based PDSCH reception (PDSCH-CJT) in a BWP/CC configured with joint DL/UL TCI mode
· Support of 1 or 2 indicated joint TCI states for PDSCH-CJT is up to UE capability

· FFS: QCL type(s)/assumption(s) of the indicated joint TCI state(s) applied to PDSCH-CJT 

· Note: On how to inform UE to apply which indicated joint TCI state(s) to target channel(s)/signal(s) in the BWP/CC, it is discussed individually in AI 9.1.1.1

Agreement

On unified TCI framework extension for M-DCI based MTRP:

· The UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDCCH on a CORESET that is associated with the same coresetPoolIndex value

· The UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDSCH scheduled/activated by PDCCH on a CORESET that is associated with the same coresetPoolIndex value

· FFS: Other channel(s)/signal(s) that has explicit or implicit association with a coresetPoolIndex value

· FFS: Other channel(s)/signal(s) that doesn’t have association with a coresetPoolIndex value

Above are applicable to the CORESET(s) that is configured/allowed to follow the indicated joint/DL TCI state

FFS: The configuration/rule to configure/allow CORESET(s) to follow the indicated joint/DL TCI state, including the option to reuse the same configuration/rule as in Rel-17 unified TCI framework

Agreement

On unified TCI framework extension, study the following enhancements for TRP-specific BFR:

· Implicit BFD-RS determination based on the indicated joint/DL TCI states for S-DCI based MTRP

· Enhancement to beam update after NW response to TRP-specific BFR request

Agreement

On unified TCI framework extension for S-DCI based MTRP , down-select one alternative from the followings in RAN1#111:
· Alt1: 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 of the two TRPs or both TRPs in a CC/BWP or a set of CCs/BWPs in a CC list

· Alt2: 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) only specific to one of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list

· Note: According to the agreement in RAN1#109-e, support of one additional TCI field or a field associating the TCI field to the TRP(s) is not precluded

Note: It has been agreed to use the existing TCI field for TCI state indication for S-DCI based MTRP in RAN1#109e

Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS

FFS: The behavior if the UE receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP


In this contribution, we share our considerations related to unified TCI framework extension, including the unified framework for MTRP, power control enhancement for MTRP, and beam reporting enhancement for STxMP. 
2 Unified TCI framework extension for MTRP
2.1 Unified TCI extension for M-DCI based MTRP

On unified TCI framework extension for M-DCI based MTRP, we have agreed that UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDCCH on a CORESET and PDSCH scheduled/activated by PDCCH on a CORESET that is associated with the same coresetPoolIndex value. How to apply the indicated TCI to other channel(s)/signal(s) should also be discussed. 
For determining an UL TX spatial filter for PUSCH/PUCCH/SRS, the association between PUCCH/PUSCH/SRS and coresetPoolIndex can be set up in an explicit or implicit way. For dynamic-grant based PUSCH and Type 2 configured-grant based PUSCH, the PUSCH transmission is scheduled or activated by PDCCH on a CORESET that is associated with a coresetPoolIndex value, and hence the PUSCH is associated with the coresetPoolIndex value in an implicit way. For Type 1 configured-grant based PUSCH, an explicit association between PUSCH and the coresetPoolIndex value can be set up by RRC configuration. For PUCCH, RRC configuration can be used to inform the association between a coresetPoolIndex value and a PUCCH resource/group, and the indicated joint/UL TCI state(s) associated with the coresetPoolIndex value can be applied to the PUCCH resource/group associated with the same coresetPoolIndex value. A similar way can be used to set up the association between the SRS and the coresetPoolIndex value.
Proposal 1: On unified TCI framework for M-DCI based multi-TRP, the association between PUCCH/PUSCH/SRS and coresetPoolIndex can be set up in an explicit or implicit way.

· For dynamic-grant and Type 2 configured-grant based PUSCH, PUSCH transmission is associated with a coresetPoolIndex value in an implicit way.

· For Type 1 configured-grant based PUSCH, PUSCH transmission is associated with a coresetPoolIndex value in an explicit way.

· For PUCCH, RRC configuration can be used to inform the association between a coresetPoolIndex value and a PUCCH resource/group.
2.2 Unified TCI extension for S-DCI based MTRP

For S-DCI based MTRP, how to indicate the TCI state(s) via TCI field has been discussed. The following two alternatives have been proposed for down-selection.

· Alt1: 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 of the two TRPs or both TRPs in a CC/BWP or a set of CCs/BWPs in a CC list

· Alt2: 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) only specific to one of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list

In our view, Alt1 is more flexible. The TCI field in DCI format 1_1/1_2 can indicate the TCI states for one or both TRPs. The functionality of Alt2 can be realized by Alt1, but may entails more overhead in DCI field. 
Proposal 2: 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 of the two TRPs or both TRPs in a CC/BWP or a set of CCs/BWPs in a CC list.
The flexibility of applying different S-DCI based MTRP transmission schemes to different channels is supported in Rel-17. In Rel-18 Unified TCI, this flexibility should be kept. In Rel-17 unified TCI framework for single-TRP, the indicated joint or DL TCI is at least applied to UE-dedicated reception on PDSCH and CORESETs. For multi-TRP, we think the indicated TCI state(s) should still be used for UE-dedicated transmission or reception, but the TCI state(s) to be applied should be per channel determined from the indicated TCI state(s). 

For unified TCI framework extension for S-DCI based multi-TRP, it was agreed to use RRC configuration to inform the association between the indicated TCI sates and PDCCH reception. We think the CORESETs can be divided into two CORESET groups, and RRC configuration can be used to inform which TCI state(s) should be applied to each CORESET group. This concept can be easily extended to PUCCH resource applying the indicated TCI state(s). For example, the PUCCH resources can be divided into two groups, and RRC configuration can be used to inform the association between a CORESET group and a PUCCH resource group. In such a case, the indicated joint/UL TCI state(s) associated with the CORESET group can be applied to the PUCCH resource group associated with the same CORESET group.
Proposal 3: On unified TCI framework extension for S-DCI based MTRP, support the following for PUCCH transmission:

· 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 associated with the same CORESET group.
For PDSCH reception for S-DCI based MTRP, two options have been discussed for informing which indicated TCI state(s) shall be applied to PDSCH reception. One option is to use RRC configuration, and another option is to use DCI. In Rel-16, dynamic switching between STRP and MTRP for PDSCH is achieved by indicating one TCI codepoint comprises single or double TCI states. In Rel-17, the DCI field SRS Resource Set indicator is used for dynamic switching between STRP and MTRP for PUSCH. For unified TCI extension of MTRP, the flexibility of dynamic switching between STRP and MTRP should be kept. In our view, the TCI filed in DCI is used to update the TCI state(s) of the corresponding TRP, and the indicated TCI state(s) should be applied after the beam application time. The operation of STRP or MTRP can be dynamically determined in each DL or UL scheduling. We think the DCI field SRS Resource Set indicator can still be used for STRP and MTRP switching of PUSCH, and a similar field as SRS Resource Set indicator can be introduced for DL assignment to support dynamic switching between STRP and MTRP for PDSCH. More general, the field can be used to indicate which TCI state(s) or which TRP can be associated with the PDSCH reception/PUSCH transmission, and the indicated TCI state(s) would be applied after the beam application time. Before application of an indicated TCI state from the configured TCI states, the default TCI can be used, and the default TCI can be determined based on a fixed rule. 

For PUSCH transmission, the applied TCI state(s) should be aligned with the spatial domain transmission filter(s) of the SRS resource(s) corresponding to the indicated SRIs. One possible way is that the SRS for codebook/non-codebook can be configured to follow the TCI state associated with the corresponding TRP.
Proposal 4: On unified TCI framework for S-DCI based multi-TRP, use a DCI format 1_1/1_2 with DL assignment to inform which indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception.
Proposal 5: On unified TCI framework for S-DCI based multi-TRP, 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.

3 Power control enhancement for MTRP
In RAN1#109e meeting [2], the following agreements were made for power control enhancement for multi-TRP.

	Agreement
On unified TCI framework extension, if an indicated joint or UL TCI state applies to a PUSCH /PUCCH transmission occasion at least for S-DCI based PUSCH/PUCCH repetition with TDM and the 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.
· FFS: How to extend to other Rel-18 MTRP scheme(s) with STxMP, if supported 
· FFS: UL PC enhancement for CB and non-CB SRS in above case

FFS: The applied UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH 

Agreement
On UE power limitation for STxMP for FR2, send LS to RAN4 to check the followings:
· Whether it is feasible to assume power limitation per panel for STxMP (Assumption 1)

· Whether it is feasible to assume a total power limitation per UE over all UE panels used for STxMP (Assumption 2)

· In either of Assumption1 or Assumption 2, whether the total power limitation per UE over all UE panels used for STxMP or the sum of per-panel power limitation for STxMP can be different from (greater than) the existing power limitation for a given power class?

· If both Assumption 1 and Assumption 2 are feasible, whether both assumptions can be applied to a same UE, and what is the relationship between the per-panel power limitation and total power limitation if both are applied (e.g., the sum of per-panel power limitation can be larger than the total power limitation per UE, or should be always the same)?

FFS: Detail of exact LS if agreed
Note: Scenarios of above include at least single carrier scenario for FR2
Note: Above power limitation includes both total radiated power and EIRP
LS to RAN4 is endorsed in R1-2205639.


On Rel-17 unified TCI framework, TRP or beam specific power control can be achieved if the indicated joint or UL TCI state for each TRP is associated with an UL PC parameter setting and a PL-RS. If the UL PC parameter setting is not associated for PUSCH/PUCCH, the PC setting(s) for PUSCH/PUCCH per BWP is dependent on the default UL parameter settings. The default UL power control parameter setting is configured in the following IE.

[image: image1.png]- BWP-UplinkDedicated
‘The IE BWP-UplinkDedicated is used to configure the dedicated (UE specific) parameters of an uplink BWP.

BWP-UplinkDedicated information element

BWE-UplinkDedicated SEQUENCE {
pucch-Config SetupRelease { PUCCH-Config } OPTIONAL,
pusch-Config SetupRelease | PUSCH-Config } OPTIONAL,
configuredGrantConfig SetupRelease { ConfiguredGrantConfig } OPTIONAL,
srs-Config SetupRelease { SRS-Config } OPTIONAL, -
beanFailureRecoveryConfig SetupRelease | BeamFailureRecoveryConfig } OPTIONAL,
41
s1-PUCCE-Config-rlé SetupRelease { PUCCH-Config } OPTIONAL,
cp-ExtensionC2-rl6 INTEGER (1..28) OPTIONAL,
cp-ExtensionC3-rl6 INTEGER (1..28) OPTIONAL,
useInterlacePUCCH-PUSCH-r16 ENUMERATED {enabled} OPTIONAL,
pucch-ConfigurationList-zl€ SetupRelease { PUCCH-ConfigurationList-rl6 } OPTIONAL,
Ibt-FailureRecoveryConfig-rlé SetupRelease { LBT-FailureRecoveryConfig-zl6 } OPTIONAL,
configuredGrantConfigToAddModList-r16 ConfiguredGrantConfigToaddModList-r16 OPTIONAL,
configuredGrantConfigToReleaseList-r16 ConfiguredSrantConfigToReleaselist-r16 OPTIONAL, -

configuredGrantConfigType2DeactivationStatelist-r16 ConfiguredGrantConfigType2DeactivationStatelist-rl6 OPTIONAL  —
1.
43

ul-TCI-StateList-rl7 CHOICE {
explicitlist SEQUENCE {
ul-TCI-ToAddModList-rl7 SEQUENCE (SIZE (1..maxUL-TCI-rl7)) OF TCI-UL-State-rl7 OPTIONAL,
ul-TCI-ToReleaseList-rl7 SEQUENCE (SIZE (L..maxUL-TCI-zl7)) OF TCI-UL-State-Id-rll OPTIONAL
o
unifiedTCI-StateRef-rl7 ServingCellAndBWE-Id-rl7

OPTIONAL,

pucch-ConfigurationListMalticast2-rl7 SetupRelease | PUCCE-ConfigurationList-rlé } OPTIONAL -- Need
1




For unified TCI framework extension for MTRP, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion. One FFS point is how to determine the PC parameter if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting for PUCCH/PUSCH. A similar rule as Rel-17 can be used for Rel-18 with configuring two default UL PC parameter settings, and 1-to-1 association between an indicated joint/UL TCI state and a default UL PC parameter setting can be determined by a fixed rule. For example, the first indicated joint/UL TCI state is associated with the first configured default UL PC parameter setting, and the second indicated joint/UL TCI state is associated with the second configured default UL PC parameter setting.
Proposal 6: On unified TCI framework extension, if one or both of indicated joint/UL TCI states applying to PUSCH/PUCCH transmission occasions in an UL BWP at least for S-DCI based PUSCH/PUCCH repetition with TDM is/are not associated with UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH, support two default UL PC parameter settings configured in BWP-UplinkDedicated, and the UE should apply the one or two default UL PC parameter settings configured in the corresponding UL BWP.

4 Beam reporting enhancement for STxMP

STxMP has been agreed as one of the MTRP transmission schemes in Rel-18 MIMO in AI 9.1.4.1. However, how to find the appropriate beams for indication is still questionable. In Rel-17 MIMO, UE capability index reporting has been introduced to support panel-selection, where the max supported numbers of SRS ports can be reported and the reported values should be different. In our view, the Rel-17 UE capability index reporting should be enhanced to allow reporting the same number of SRS ports for indicating both the homogeneous and heterogeneous panels. Also, the limitation for Rel-17 UE capability index reporting is obvious since it can only be reported in the beam reporting occasion. A more flexible reporting framework, e.g., a periodic reporting, can also be considered in Rel-18 to support STxMP. 
Proposal 7: To support simultaneous UL transmission, how to find the appropriated beams for indication should be studied. The following alternatives can be considered.

·  Alt1. Enhance/extend Rel-17 UE capability index reporting to support simultaneous UL transmission 

·  Alt2. Introduce a periodic reporting to support simultaneous UL transmission

5 Conclusion

In this contribution, we share our views on unified TCI framework extension for multi-TRP. The observations and proposals are summarised as follows:
Proposal 1: On unified TCI framework for M-DCI based multi-TRP, the association between PUCCH/PUSCH/SRS and coresetPoolIndex can be set up in an explicit or implicit way.

· For dynamic-grant and Type 2 configured-grant based PUSCH, PUSCH transmission is associated with a coresetPoolIndex value in an implicit way.

· For Type 1 configured-grant based PUSCH, PUSCH transmission is associated with a coresetPoolIndex value in an explicit way.

· For PUCCH, RRC configuration can be used to inform the association between a coresetPoolIndex value and a PUCCH resource/group.
Proposal 2: 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 of the two TRPs or both TRPs in a CC/BWP or a set of CCs/BWPs in a CC list.
Proposal 3: On unified TCI framework extension for S-DCI based MTRP, support the following for PUCCH transmission:

· 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 associated with the same CORESET group.
Proposal 4: On unified TCI framework for S-DCI based multi-TRP, use a DCI format 1_1/1_2 with DL assignment to inform which indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception.

Proposal 5: On unified TCI framework for S-DCI based multi-TRP, 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.

Proposal 6: On unified TCI framework extension, if one or both of indicated joint/UL TCI states applying to PUSCH/PUCCH transmission occasions in an UL BWP at least for S-DCI based PUSCH/PUCCH repetition with TDM is/are not associated with UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH, support two default UL PC parameter settings configured in BWP-UplinkDedicated, and the UE should apply the one or two default UL PC parameter settings configured in the corresponding UL BWP.

Proposal 7: To support simultaneous UL transmission, how to find the appropriated beams for indication should be studied. The following alternatives can be considered.

·  Alt1. Enhance/extend Rel-17 UE capability index reporting to support simultaneous UL transmission 

·  Alt2. Introduce a periodic reporting to support simultaneous UL transmission
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