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Introduction
In 3GPP Rel-17 NR MIMO, the unified TCI framework was introduced which facilitates streamlined multi-beam operation. As Rel-17 focuses on single-TRP use cases, extension of unified TCI framework that focuses on multi-TRP use cases is beneficial.
The 3GPP Rel-18 NR MIMO evolution WID [1] includes the objectives as follows. In this contribution we share our views on the issues for unified TCI framework extension for multi-TRP including extension for indication of multiple DL/UL TCI states, simultaneous multi-panel UL transmission, and power control for UL single-DCI.
	2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.

6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.


[bookmark: OLE_LINK13][bookmark: OLE_LINK14]
Discussion on unified TCI framework extension for multi-TRP
	Agreement
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
· Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP 



In RAN1#109-e meeting, it was agreed that all the intra-cell and inter-cell multi-TRP schemes specified in Rel-16 and Rel-17 are considered in Rel-18, where Rel-18 multi-TRP scheme with STxMP is also considered, if supported. 
Both DL and UL channels can benefit from multi-TRP transmission by leveraging spatial diversity to improve the throughput and reliability of transmission in case of unpredictable blockage between a TRP and a UE especially in FR2. Considering both efforts in Rel-16 and Rel-17, multi-TRP operation can be categorized into single-DCI based multi-TRP and multi-DCI based multi-TRP.


                                   
Figure 1 [bookmark: _Ref101378440]Illustration of single-DCI based and multi-DCI based multi-TRP DL transmission
[bookmark: _Hlk101861978]A single-DCI based multi-TRP operation is able to schedule various multi-TRP schemes such as SDM, FDM, TDM and SFN for PDSCH when the TCI field in DCI indicates two TCI states, depending on the number of DM-RS CDM groups and higher layer configuration of applied multi-TRP schemes. PDCCH can also benefit from multi-TRP transmission, either by SFN transmission in the associated CORESET with two activated TCI states or by two transmission occasions from two linked search space sets. Uplink transmission towards two TRPs with different spatial relations are also specified. When two spatial relations are activated for a PUCCH resource configured with a number of repetitions, multiple PUCCH repetitions are transmitted with pre-determined beam mapping pattern. In multi-TRP case PUSCH repetition Type A or Type B can be indicated by the SRS resource set indicator field and two SRI fields associated with two configured SRS resource sets together with two corresponding TPMI fields. Two open-loop power control parameter sets, two pathloss RSs and two closed-loop TPC fields can be used for TRP-specific power control. Single-DCI based multi-TRP transmission for different channels in Rel-16/17 heavily relies on the number of indicated TCI states or spatial relations, and dynamic switching between single-TRP transmission and multi-TRP transmission are allowed for both downlink and uplink. The number of TCI states indicated by TCI field in DL DCI determines single-TRP or multi-TRP transmission for PDSCH, while the SRS resource set indicator field in UL DCI indicates one or two SRIs from two SRS resource sets which applies to PUSCH transmission occasions following the configured beam mapping pattern.
As another alternative, multi-DCI based multi-TRP operation aims to improve throughput by allowing a UE to be scheduled with partially or fully overlapping PDSCHs by multiple DCIs, each with full scheduling information and with a specific coresetPoolIndex value configured in CORESETs to distinguish between TRPs. HARQ-ACKs for PDSCH scheduled by different TRPs can be transmitted jointly in a PUCCH resource or in separate PUCCH resources in a slot depending on RRC configuration. CSI reporting is further enhanced to include NCJT measurement hypothesis reflecting the performance of simultaneous reception from two CMRs mapping to different TRPs. Out of order scheduling for both PDSCH and PUSCH is permitted in such a case.
In our view, all schemes for single-DCI based and multi-DCI based multi-TRP operation defined in Rel-16/17 should be extended to Rel-17 unified TCI framework in AI 9.1.1.1 with higher priority. As unified TCI framework design for CJT is not included in AI 9.1.1.1, and the CSI enhancement with CJT is being discussed paralelly in AI 9.1.2 with no clear specified scheme up to now, we prefer to focus on unified TCI enhancement on multi-TRP schemes in Rel-16 and Rel-17 and possible STxMP first and CJT framework can be an independent scheme to make sure the target of AI 9.1.1.1 can be on schedule.
Proposal 1: 
· Focus on unified TCI enhancement on multi-TRP schemes in Rel-16 and Rel-17 and possible STxMP first.
For multi-TRP case in Rel-18, the maximum value of M/N to be 2 in multi-TRP operation, where each indicated TCI state corresponds to a TRP.
Proposal 2: 
· For multi-TRP operation in Rel-18, support the maximum value of M/N to be 2.

Design principle
Single-DCI based multi-TRP transmission in Rel-18 should inherit the merit of flexibility provided by Rel-16/17 in the following three aspects as shown in Figure 2.


Figure 2 Flexible unified TCI framework - single-DCI based multi-TRP
Firstly, single-DCI scheduled DL transmission and UL transmission can work in different transmission modes in Rel-16/17, i.e., DL in single-TRP transmission and UL in multi-TRP transmission, and vice versa. It is not necessary to force the UE to operate in single-TRP or multi-TRP for both DL and UL together.
In Rel-18, if the number of indicated unified TCI states still determines single-TRP or multi-TRP for DL and UL, such decoupling may be hard to realize. In Rel-17 unified TCI framework, DL and UL beam indication can be decoupled by separate DL TCI state and UL TCI state update when separate TCI mode is configured. If separate TCI mode is configured for single-DCI based multi-TRP transmission, different number of TCI states can be indicated for DL and UL, e.g. two indicated DL TCI states and one indicated UL TCI state, which means multi-TRP operation for DL but single-TRP operation for UL. However, it will not work for joint TCI mode. If the indicated one or two TCI states are applied for both DL and UL, it will cause excessive restriction on all DL and UL channels/RSs transmitting in single-TRP mode or multi-TRP mode with the indicated TCI states. We prefer to keep the flexibility of different transmission modes, i.e., single-TRP transmission mode and multi-TRP transmission mode, between DL and UL as Rel-16/17, i.e., DL in single-TRP transmission mode and UL in multi-TRP transmission mode, and vice versa. A mechanism to decouple unified TCI state indication and the indicated TCI state application to DL and UL channels need to be studied. 
[bookmark: _Hlk101345339]Secondly, flexible switching between single-TRP transmission and multi-TRP transmission for each channel has been already supported in Rel-16/17. The codepoint indicated by TCI field in DCI can be mapped to one or two TCI states, which realizes single-TRP or multi-TRP transmission for PDSCH. One or two PDCCH candidates can be monitored by the UE in one search space set associated with one CORESET or two search space sets linked by RRC configuration with associated two CORESETs activated by different TCI states. For SFN-based PDCCH transmission, enhanced MAC CE is introduced to activate two TCI states in multi-TRP cases. The PDSCH in single-TRP case and in SFN manner can be flexibly scheduled by PDCCH. For PUCCH transmission, a PUCCH resource with one or two activated spatial relations can be indicated by DCI to switch between single-TRP and multi-TRP PUCCH repetition. When two SRS resource sets are configured, the newly introduced SRS resource set indicator field is used to dynamically indicate single-TRP or multi-TRP PUSCH repetition. 
In Rel-18, dynamic switching between single-TRP mode and multi-TRP mode for each individual channel should be supported as in previous releases. When multiple DL and/or UL unified TCI states are indicated, it is not necessary to apply all indicated TCI state(s) for each channel/RS. For example, when two UL TCI states are indicated by gNB, PUSCH transmission mode can be indicated with one or two UL TCI states by a new field, such as SRS resource set indicator field, in UL DCI. For PDSCH, similar principle can be considered by indicating one or two TCI states to allow dynamic switching between single-TRP or multi-TRP PDSCH transmission.
Thirdly, Rel-16/17 supports independent multi-TRP transmission schemes between different channels, e.g., PDCCH with multi-TRP repetition while PDSCH with FDM scheme, etc. In Rel-18, there is no motivation to restrict all channels with same multi-TRP transmission scheme. Even for DL only or for UL only, the applied TCI state(s) and transmission scheme for each channel can be determined separately. For example, when two UL TCI states are indicated by gNB, PUCCH transmission with repetitions applies two indicated TCI states and transmits to two TRPs, while PUSCH transmission is indicated to apply one UL TCI state by the above-mentioned new field, such as SRS resource set indicator field, in DCI and transmits to one TRP.
Proposal 3: 
· For single-DCI based multi-TRP transmission in Rel-18, following flexibility should be supported under a common signaling framework
· Support flexibility of different transmission modes, i.e., single-TRP transmission mode and multi-TRP transmission mode, between DL and UL in Rel-18.
· Support dynamic switching between single-TRP transmission mode and multi-TRP transmission mode per channel in Rel-18.
· Support decoupling of multi-TRP transmission scheme for each channel in Rel-18.
A simple solution for multi-DCI based multi-TRP is to reuse Rel-17 unified TCI framework per TRP, i.e, channels/RSs associated with a same coresetPoolIndex apply a common beam indicated for the TRP.


Figure 3 Flexible unified TCI framework - multi-DCI based multi-TRP
Proposal 4: 
· Channels/RSs associated with a same coresetPoolIndex apply a common beam indicated for the TRP.

[bookmark: _Ref68768831]Signaling mechanism
	Agreement
On unified TCI framework extension at least for single-DCI based MTRP, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate multiple joint/DL/UL TCI states in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Detail of mapping joint/DL/UL TCI state ID(s) to a TCI codepoint, e.g., possible combinations of joint, DL, and/or UL TCI state IDs that can be mapped to a TCI codepoint
· [bookmark: _Hlk111159901]FFS: Whether to increase the max number of MAC CE activated TCI codepoints, i.e., more than 8 codepoints
· FFS: Whether to increase the max number of TCI field bits, i.e., more than 3 bits
· Note: This doesn't imply that support of one additional TCI field or a field associating the TCI field to the TRP(s) is precluded
Note: The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS

Agreement
On unified TCI framework extension for M-DCI based MTRP, consider the following alternatives for TCI state update:
· Alt1: Reuse the same TCI state update scheme for S-DCI based MTRP
· Atl2: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value
· Alt3: Use the existing TCI field in any DCI format 1_1/1_2 (with or without DL assignment) to indicate all joint/DL/UL TCI states corresponding to both CORESETPoolIndex values
· Study the association between the indicated joint/DL/UL TCI state(s) and a CORESETPoolIndex value
· Alt4: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate joint/DL/UL TCI state(s) corresponding to the same or different CORESETPoolIndex value.
· Study whether the indicated joint/DL/UL TCI state(s) applies to the channels/signals associated with the same CORESETPoolIndex value or different CORESETPoolIndex value is indicated by DCI



TCI mode configuration
In Rel-17 unified TCI framework, configuration of joint TCI mode and separate TCI mode is based on RRC. For multi-TRP use case, the TCI mode configuration needs to be considered firstly for different TRPs. The simplest way is to configure same TCI mode for all TRPs without the need to either include additional TRP ID in or associate the TRP with specific TCI modes. 
To increase configuration flexibility, TRP-specific TCI mode configuration can be considered, i.e. each TRP is configured with different TCI mode. For example, joint TCI mode is configured for the first TRP, while separate TCI mode is configured for the second TRP, which is feasible for multi-DCI based multi-TRP by associating joint TCI state pool and separate DL and UL TCI state pools with the different values of the higher layer parameter coresetPoolIndex. But for single-DCI based multi-TRP, there is no explicit TRP ID information to assist TCI mode configuration. A possible solution similar to multi-DCI based multi-TRP is to introduce channel grouping mechanism, where channel groups are associated with separate TCI state pools. Or enhanced MAC CE activation command is used to implicitly indicate the TRP-specific TCI mode, e.g. a codepoint is mapped to a joint TCI state for the first TRP and a pair of separate TCI states for the second TRP.
Proposal 5: 
· Consider same or different configured TCI mode (e.g. joint TCI, separate TCI) for different TRPs.

TCI state activation and indication
For beam indication in Rel-18, both MAC CE-based and MAC CE+DCI-based unified TCI state indication schemes should be supported. The principle of TCI state activation and indication for multi-TRP in Rel-16/17 can be reused, including both single-DCI based multi-TRP case and multi-DCI based multi-TRP case.
For multi-DCI based multi-TRP case, TRP-specific TCI state activation and indication can be supported. For TCI state activation, CORESET Pool ID field in Unified TCI States Activation/Deactivation MAC CE command can be used to indicate the mapping between the activated joint TCI states or separate TCI states and a coresetPoolIndex value.  Then, the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with the coresetPoolIndex value can be used to indicate the TCI state corresponding to the same coresetPoolIndex value, which is Alt2. When more than one TCI codepoints are included in the MAC CE for a specific coresetPoolIndex value, DCI format 1_1/1_2 with or without DL assignment transmitted with the CORESET associated with the coresetPoolIndex value in Rel-17 unified TCI framework can be reused to indicate a codepoint based on the activated unified TCI states for the corresponding TRP denoting by a coresetPoolIndex value. After the BAT, the indicated TCI state is applied to the channels/RSs corresponding to the same TRP as the TCI state update signaling as shown in Figure 4.
With respect to other Alts, current spec doesn’t support TCI state indication cross different coresetPoolIndex values. For intra-cell multi-TRP, the TCI state indicated in the DCI associated with a coresetPoolIndex is one of the activated TCI states belonging to the same coresetPoolIndex.  For inter-cell multi-TRP, one PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with one coresetPoolIndex, another PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with another coresetPoolIndex.
Furthermore, Alt1 doesn’t work for multi-DCI based multi-TRP with non-ideal backhaul because one TRP can hardly acquire the instant desired unified TCI state of the other TRP. And Alt3 is somewhat like Alt1 in sense of indicating two unified TCI states for both TRPs at the same time. Alt4 requires additional indication in the DCI to tell the UE which coresetPoolIndex the indicated TCI state is associated with. An unified TCI state indication framework is highly desired for multi-DCI based multi-TRP.
[image: ]
Figure 4 [bookmark: _Ref102118951]TCI state activation and indication for multi-DCI based multi-TRP
Proposal 6:  
· Support Alt2, for multi-DCI based multi-TRP, the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values is used to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value.
For single-DCI based multi-TRP case, similar to Rel-16/17 TCI state update signaling mechanism, we prefer to reuse DCI design of Rel-17 unified TCI framework. It is not required to introduce new DCI format design and to increase TCI field size in DCI. Only the mapping between TCI codepoint and the activated TCI states in MAC CE needs to be considered and re-designed, e.g. one TCI codepoint mapping to two TRPs or one TRP. Based on the indicated codepoint by TCI field in beam indication DCI, the number of the indicated TCI states is determined. For joint TCI mode, the number of the indicated TCI state(s) is same for DL and UL, but for separate TCI mode the number of the indicated TCI state(s) for DL and UL can be same or different. According to the beam indication DCI, the indicated TCI state applied for each TRP and for DL/UL is updated, respectively. 
Due to no explicit TRP ID for single-DCI based multi-TRP case, in order to ensure the correct TCI state update for corresponding TRP, one-to-one mapping between two TRPs and the two activated DL/UL TCI states in a TCI codepoint can be applied.
Currently up to 8 codepoints can be activated for single-DCI based multi-TRP in Rel-16, we don’t see the strong need to increase the max number of MAC CE activated TCI codepoints more than 8 codepoints, and consequently no need to increase the max number of TCI field bits more than 3 bits.


Figure 5 TCI state activation and indication for single-DCI based multi-TRP
Proposal 7: 
· For single-DCI based multi-TRP case, the same principle of TCI state activation and indication in Rel-16/17 is reused.
· Reuse the DCI format in Rel-17 unified TCI framework for beam indication.
· Determine the number of the indicated TCI states based on codepoint indicated by TCI field in beam indication DCI.
· Determine one-to-one mapping between two TRPs and the two activated DL/UL TCI states in a TCI codepoint.
· The max number of MAC CE activated TCI codepoints and the max number of TCI field bits are kept same as Rel-16.

Application of multiple indicated TCI states
	Agreement
On unified TCI framework extension for S-DCI based MTRP, consider at least the following alternatives to map/associate a joint/DL TCI state to PDCCH reception(s)
· Atl1: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt2: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a search space set
· Alt3: Use MAC-CE to inform the mapping/association between an activated or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt4: Use DCI to inform the mapping/association between an indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt5: Based on a fixed mapping/association rule, e.g., the first indicated joint/DL TCI state always applies to PDCCH receptions
Consider above alternatives for PDCCH repetition, PDCCH-SFN, PDCCH w/o repetition/SFN, and potential support of dynamic switching between S-TRP and M-TRP for PDCCH. It is not precluded to adopt one single alternative or multiple alternatives to support these cases.



In Rel-17 unified TCI framework focusing on single-TRP transmission, a joint TCI state or a pair of DL and UL TCI states are indicated and applied at least for UE-dedicated reception on CORESET and the respective PDSCH,  and/or at least for dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources, and any valid channel/RS which can be configured to apply the indicated TCI state by RRC, e.g. non-UE-dedicated CORESET and the respective PDSCH, aperiodic CSI-RS for CSI/BM, SRS.
According to the design principle above, in order to ensure the flexible application of the indicated TCI states, even if multiple TCI states are indicated, it cannot limit all channels/RSs to apply same TCI state(s) and transmission scheme. Therefore, a flexible solution for TCI state application should be considered in Rel-18.
Beam application for multi-DCI based multi-TRP
For multi-DCI based multi-TRP case, if two TCI states are indicated for coresetPoolIndex 0 and coresetPoolIndex 1, respectively, the TCI state application rule can be defined for each channel/RS.
For a CORESET associated with a coresetPoolIndex following the unified TCI state, the indicated TCI state corresponding to the same coresetPoolIndex is applied. For inter-cell multi-TRP case when configured to follow the unifiedTCI states, the CORESET associated with CSS set other than Type3-PDCCH CSS sets, i.e. CORESET B/C/0 defined in Rel-17 for discussion purpose, can only be associated with the coresetPoolIndex associated with serving cell PCI, and the CSI-RS associated with the indicated TCI state applied to these CORESETs should be QCLed with an SSB associated with serving cell PCI.
For PDSCH, the TCI state update mechanism in Rel-17 can be reused per TRP. The indicated TCI state corresponding to the coresetPoolIndex associated with CORESET can be applied to the respective PDSCH and SPS. 
For a PUCCH resource scheduled by a PDCCH with the CORESET associated with a coresetPoolIndex, the indicated TCI state corresponding to the same coresetPoolIndex can be applied to the PUCCH resource. For a non-scheduled PUCCH resource such as RRC configured PUCCH transmission, the indicated TCI state corresponding to a default coresetPoolIndex, e.g. coresetPoolIndex 0, can be applied. Another option is to configure the TCI state corresponding to which coresetPoolIndex is applied for the PUCCH resource by RRC.
Similar to PUCCH, dynamic grant based PUSCH, aperiodic CSI-RS and Type 2 configured grant based PUSCH scheduled by a PDCCH with the CORESET associated with a coresetPoolIndex can apply the indicated TCI state corresponding to the same coresetPoolIndex. For a PUSCH without scheduling PDCCH such as Type 1 configured grant based PUSCH, the indicated TCI state corresponding to a default coresetPoolIndex, e.g. coresetPoolIndex 0, can be applied. Another option is to configure TCI state corresponding to which coresetPoolIndex is applied by RRC.
For CSI-RS and SRS following the indicated TCI state, the indicated TCI state corresponding to a coresetPoolIndex can be applied, where the association between a coresetPoolIndex and CSI-RS/SRS can be defined per resource set, per resource group, or per resource. There can be another way for aperiodic CSI-RS/SRS resource set to let the applied TCI state for CSI-RS/SRS follow that of the triggering PDCCH. 
Proposal 8: 
· For multi-DCI based multi-TRP, the TCI state application rule can be defined per channel/RS, e.g.
· For CORESET following the unified TCI state, apply the indicated TCI state corresponding to the coresetPoolIndex associated with this CORESET.
· For PDSCH, PUCCH and PUSCH scheduled by a DCI, apply the indicated TCI state of the scheduling PDCCH, which is corresponding to the coresetPoolIndex associated with the CORESET.
· For PUCCH and PUSCH transmission configured by RRC, including periodic PUCCH and Type 1 configured grant, etc., apply the indicated TCI state corresponding to a default coresetPoolIndex, e.g. coresetPoolIndex 0, or the TCI state corresponding to a coresetPoolIndex configured by RRC.
· For CSI-RS and SRS following the unified TCI state, apply the indicated TCI state corresponding to the coresetPoolIndex value associated with resource set/resource group/resource, or follow the triggering PDCCH. 

Beam application for single-DCI based multi-TRP
For single-DCI based multi-TRP case, the number of the indicated TCI states is determined by the codepoint in TCI field of beam indication DCI. If  two TCI states are indicated by TCI field in DCI, it is required that flexible TCI state selection mechanism should be defined for different channels and different transmission schemes.
[bookmark: _Hlk101369620]As a unified and simple solution, a channel grouping mechanism at least applied for CORESET can be introduced for single-DCI based multi-TRP case, where each CORESET group is associated with one of the two indicated TCI states. For a CORESET following the unified TCI state, the indicated TCI state corresponding to the CORESET group to which the CORESET belongs can be applied to the CORESET.
Proposal 9: 
· For single-DCI based multi-TRP case, a channel grouping mechanism can be introduced, where the channel group is applied at least for CORESET, i.e. CORESET group.
· The two indicated TCI states are associated with the channel groups, respectively.
Proposal 10: 
· For single-DCI multi-TRP, for CORESET following the unified TCI state, support Alt1, i.e., use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a CORESET or a CORESET group.
For PDCCH repetition transmission, if two search space sets are linked by RRC and associated with different CORESETs, UE can monitor two PDCCH candidates in the linked search space sets using the indicated TCI states applied for the CORESETs. In order to enable SFN-based PDCCH schemes, a CORESET can belong to two CORESET groups at the same time, so that the indicated TCI states for two group IDs can be directly applied to the PDCCH reception with an SFN scheme.
Proposal 11: 
· For single-DCI based multi-TRP case, support the following TCI state determination rule
· For PDCCH repetition, UE can monitor two PDCCH candidates in the linked search space sets associated with same or different CORESET groups and apply the corresponding indicated TCI state(s). 
· When a CORESET belongs to two CORESET groups at the same time, SFN-based PDCCH transmission is allowed to apply the two indicated TCI states.
To increase the flexibility of the TCI state selection for PDSCH transmission, a new field similar to SRS resource set indicator field in UL DCI can be introduced in DL DCI. When two joint/DL TCI states are indicated, the new introduced field is used to dynamically indicate which one or two TCI states possibly with the mapping order are applied for multi-TRP PDSCH reception. The presence/absence of this new field can be configured by RRC, or this new field is valid only when multiple TCI states are indicated.
Above-mentioned channel grouping mechanism can also applied for PUCCH to achieved single-DCI based multi-TRP PUCCH repetition, where each PUCCH resource or PUCCH group is associated with one or two indicated TCI states. If the repetition number configured for a PUCCH resource is greater than one, two indicated TCI states are applied to the TDM-based PUCCH repetition based on a specific beam mapping pattern. For PUCCH with multi-TRP STxMP, two indicated TCI states are applied.
For PUSCH transmission, similar to the solution in Rel-17 multi-TRP PUSCH repetition, when two SRS resource sets are configured, the SRS resource set indicator field in UL DCI can be re-defined to indicate which one or two TCI states possibly with the mapping order are applied for multi-TRP PUSCH repetition. If the UE support STxMP, UL panel selection can also be determined by one or two indicated TCI states selected by this field for dynamic switching between single panel transmission and STxMP. It is noted that the one or two panels selected by this field should match the UE capability value set, e.g. the supported number of SRS port, indicated by SRI field(s) in UL DCI.
For CSI-RS and SRS following the unified TCI state, the indicated TCI state corresponding to the same group ID with CSI-RS and SRS can be applied, where the association between group ID and CSI-RS/SRS can be defined per CSI-RS/SRS resource set or per CSI-RS resource group.
Proposal 12: 
· For single-DCI based multi-TRP case, when two TCI states are indicated, to support dynamic switching between single-TRP and multi-TRP operation, the TCI state application rule for some transmission schemes can be defined per channel/RS,
· For PDSCH, a new field can be introduced in scheduling DL DCI to dynamically indicate one or two TCI states applied for PDSCH.
· For PUCCH, a PUCCH resource or a PUCCH group can be associated with one or two indicated TCI states.
· [bookmark: _Hlk101864886]For PUSCH, the SRS resource set indicator field in UL DCI can be re-defined to indicate which one or two TCI states are applied. 
· For CSI-RS and SRS following the unified TCI state, apply the associated indicated TCI state per resource set/ resource group level, or follow the triggering PDCCH. 

[bookmark: _Ref102156885]Power control of unified TCI framework 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 



In Rel-17 unified TCI framework, UL power control mechanism is re-designed and depends on the indicated TCI state. The PLRS is configured to be included in or associated with UL TCI state or joint TCI state, while the spatial relation RS can be used as PLRS for a UE only supports beam alignment. For each of PUSCH, PUCCH and SRS, one PC setting (including P0, alpha, closed loop index) can be optionally associated with each of the UL or joint TCI state per BWP. When the PC setting is not configured for the indicated TCI state, for each UL channel/RS, a default setting independent of TCI state is configured in BWP. 
In Rel-18 multi-TRP case, the UL PC mechanism can be extended when multiple joint or UL TCI states are indicated. When the UL PC parameter settings (including PLRS, P0, alpha, closed loop index) are associated with two indicated TCI states, two PC parameter settings can be applied for PUCCH, PUSCH, SRS to adjust transmission power towards two TRPs. The TCI state applied for each channel/RS determines which PC parameter setting is used.
Proposal 13: 
· When the UL PC parameter settings (including PLRS, P0, alpha, closed loop index) are associated with two indicated TCI states, respectively, the PC parameter setting determination depends on the TCI state applied for PUCCH/PUSCH/SRS.
If the PC parameter settings are not configured for the indicated TCI states, default settings should be defined for each channel/RS. For multi-TRP operation, it is required that multiple default settings for each channel/RS are configured by RRC in BWP, where each default setting is for a TRP. As another option, multiple default settings are indicated by MAC CE from the configured PC parameter setting list. For PUSCH, if the PC parameter setting list is configured by RRC, default settings also can be selected by up to two SRI fields, where each SRI indicates a default setting. 
Proposal 14: 
· If the PC parameter settings (including PLRS, P0, alpha, closed loop index) are not associated with the indicated TCI states, default settings for each channel/RS for each TRP can be configured by RRC or indicated by MAC CE from the configured PC parameter setting list.
· For PUSCH, default settings also can be selected based on the value of up to two SRI fields.
In general, UL PC parameter settings required by eMBB and URLLC are different, a TCI state ID is associated with two settings from different lists for eMBB and URLLC, where the additional setting just includes P0 and other parameters are only configured in one setting. Based on the value of TCI state ID and the open-loop power control parameter set indication field in DCI, PC parameter settings associated with the TCI state ID can be determined and applied for PUSCH of a specific service. If the PC parameter settings are not associated with the indicated TCI states, P0 or additional P0 in default settings can be determined based on the value of SRI field and OLPC field.
Proposal 15: 
· UL PC parameter settings from different setting lists including additional P0 list are associated with an UL or joint TCI state for different services.
· TCI state ID and OLPC are used to determine PC parameters.
Proposal 16: 
· If the PC parameter settings are not associated with the indicated TCI states, P0 or additional P0 can be determined based on the value of SRI field and OLPC field.
On Rel-17 unified TCI framework, any SRS resource or resource set that is a valid target signal of a Rel-15/16 spatial relation based on the Rel-15/16 spatial relation rules (on source-target relations) can be configured as a target signal of a Rel-17 UL or, if applicable, joint TCI. However, when one SRS resource set is configured for multi-DCI based multi-TRP case, if each SRS resource is associated with a coresetPoolIndex and applies the indicated TCI state associated with this coresetPoolIndex value from multiple indicated TCI states, it needs to be clarified whether the UL PC parameters for all SRS resource in the set are allowed to be different. If two SRS resource sets are configured, each SRS resource set is associated with a coresetPoolIndex, all SRS resources in a set apply the UL PC parameters associated with the UL or joint TCI state corresponding to the coresetPoolIndex with the SRS resource set.
Proposal 17: 
· When one SRS resource set is configured for multi-DCI based multi-TRP case, clarify whether the UL PC parameters for all SRS resources in the set are allowed to be different.
· When two SRS resource sets are configured, each SRS resource set is associated with a coresetPoolIndex, all SRS resources in a set apply the UL PC parameters associated with the UL or joint TCI state corresponding to the coresetPoolIndex with the SRS resource set.

CA case with common TCI state update for multi-TRP
In Rel-17 unified TCI framework, common TCI state ID update and activation is supported to provide common QCL information and/or common UL TX spatial filter across a set of configured CCs. The unified TCI state pool can be configured for each BWP/CC or in reference BWP/CC, where the BWPs/CCs without RRC-configured TCI state pool will apply the TCI state pool in a reference BWP of a reference CC. The source RS providing QCL Type-D information and UL TX spatial filter can be one source RS across CCs or per CC, where the CC-specific source RSs are further associated with a same QCL-TypeD RS. For the beam application time in CA case, the first slot and BeamAppTime_r17 symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
Common TCI state update for multi-DCI based multi-TRP
Multiple CCs supporting multi-DCI based multi-TRP can contain CORESETs associated with same coresetPoolIndex values in Rel-16/17. In Rel-18, common TCI state update for a TRP across multiple CCs can also be supported. For example, a first CC group in a CC list includes the CCs with coresetPoolIndex 0, while a second CC group in the CC list includes the CCs with coresetPoolIndex 1, where some CCs including coresetPoolIndex 0 and coresetPoolIndex 1 belong to two CC groups.
Then it can be clarified whether TCI state pool is configured across TRPs or for a specific TRP in a BWP/CC. If different TCI modes are allowed to be configured for two TRPs in a BWP/CC, e.g. joint TCI for the first TRP, separate TCI for the second TRP, TRP-specific TCI state pool with the corresponding TCI mode can be configured independently, where for each TRP the configured TCI state pool can be in reference BWP/CC or in each BWP/CC with same coresetPoolIndex. If the TCI state pool is absent in a BWP of the CC, the UE can apply the TCI state pool from the reference BWP of a reference CC with same coresetPoolIndex value.
Based on the RRC-configured TCI state pool across all TRPs or per TRP, common TCI state update can be applied for the BWPs/CCs with same coresetPoolIndex value in a CC list. For example, in a CC list, CC1 and CC2 include coresetPoolIndex 0 and coresetPoolIndex 1, while CC3 only include coresetPoolIndex 1. When a common TCI state ID is indicated by a PDCCH associated with coresetPoolIndex 0, the common TCI state ID is applied for TCI state update for CC1 and CC2 but not for CC3.
Proposal 18: 
· For CA case in multi-DCI based multi-TRP scenario, common TCI state update is applied for the BWPs/CCs with same coresetPoolIndex in a CC list.
Proposal 19: 
· If different TCI modes are allowed to be configured for multi-TRP in a BWP/CC, for each TRP, the TRP-specific TCI state pool can be configured in reference BWP/CC or in each BWP/CC with same coresetPoolIndex value. 

Common TCI state update for single-DCI based multi-TRP
Common TCI state update can be applied to all CCs in a CC list supporting single-DCI based multi-TRP. When a TCI codepoint is indicated by TCI field in DCI, where the codepoint is mapped to one or two TCI state IDs, the dynamic switch between single TRP and multi-TRP operation for all CCs in a CC list can be determined based on the number of the indicated TCI state IDs. If one TCI state ID is indicated, single-TRP operation is applied for all CCs in a CC list, while if two TCI state IDs are indicated, transmission is switched to multi-TRP operation. 
Proposal 20: 
· The dynamic switch between single-TRP and single-DCI based multi-TRP operation can be determined based on the number of the indicated TCI state IDs for all CCs in a CC list.

Beam application time for multi-TRP
Because the common TCI state can be updated for the BWPs/CCs configured with same TRP or for all BWPs/CCs in a CC list, the definition of beam application time in multi-TRP case should be modified based on the different solutions for both single-DCI and multi-DCI based multi-TRP. The first slot and BeamAppTime_r17 symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication, where the carriers are configured with same coresetPoolIndex value, or all carriers in a CC list.
Proposal 21: 
· For beam application time in CA case for multi-TRP, the first slot and BeamAppTime_r17 symbols are both determined on the carrier with the smallest SCS among the carriers applying the beam indication, where the carriers are configured with same coresetPoolIndex value, or all carriers in a CC list.

TRP-specific BFR for unified TCI framework
In Rel-17 spec, TRP-specific BFR procedure and BFR for unified TCI framework are both introduced. When unified TCI is configured for multi-TRP operation, the Rel-17 TRP-specific BFR procedure can be directly extended for Rel-18. 
For beam failure detection, two BFD-RS sets are configured explicitly by RRC, e.g. each BFD-RS set can be associated with a coresetPoolIndex value or, if applicable, associated with a channel group ID. The TCI state of BFD-RS or BFD-RS resource configured by RRC can be updated with the indicated TCI state associated with this BFD-RS. For implicit BFD-RS determination, the source RSs in the multiple indicated TCI states can be used as the BFD-RSs for multi-TRP, respectively. For new beam identification, corresponding two NBI-RS sets can be configured similar to Rel-17, where first BFD-RS set is associated with first NBI-RS set, and the second BFD-RS set is associated with second NBI-RS set. 
Proposal 22: 
· For explicit BFD-RS configuration, each BFD-RS set can be associated with a coresetPoolIndex value or, if applicable, associated with a channel group ID.
· For implicit BFD-RS determination, the source RSs in the two indicated TCI states are used as the BFD-RSs for multi-TRP, respectively.
Proposal 23: 
· NBI-RS configuration mechanism in Rel-17 TRP-specific BFR mechanism can be reused.
When beam failure event is declared for a TRP configured with joint TCI mode, if the next available UL grant for BFR MAC CE is from the failed TRP, BFR MAC CE cannot reach the gNB successfully due to the uplink of this TRP is also unavailable. At this time, it is considered that the available UL grant from a non-failed TRP is used preferentially to ensure the successful BFRQ transmission. Or PUCCH-SR is transmitted to require UL grant for BFR MAC CE, where the PUCCH-SR resource can be configured to associate with the non-failed TRP, or associated with the failed TRP but transmitted to the non-failed TRP. Thus, the PUCCH-SR resource can assist the gNB in obtaining the failed TRP based on the correspondence between the PUCCH-SR resource and BFD-RS set. 


Figure 6 Joint TCI mode is configured for the failed TRP 
When beam failure event is declared for a TRP configured with separate TCI mode, since the UL TCI state and DL TCI state are independent of each other, the Rel-17 BFRQ transmission rule can be reused except for the uplink of other failed TRP with joint TCI mode, i.e. the available UL grant of any TRP with good uplink is used to transmit BFR MAC CE, and the PUCCH-SR resource corresponding to the failed TRP is used to require UL grant.


Figure 7 Separate TCI mode is configured for the failed TRP 
Proposal 24: 
· For a failed TRP configured with joint TCI mode, 
· The available UL grant of a non-failed TRP can be used preferentially for BFR MAC CE.
· Use the PUCCH-SR resource associated with a non-failed TRP, or the PUCCH-SR resource associated with the failed TRP but transmit to a non-failed TRP.
Proposal 25: 
· For a failed TRP configured with separate TCI mode, 
· The available UL grant from any TRP with good uplink is used to transmit BFR MAC CE.
· Use the PUCCH-SR resource associated with the failed TRP.
In Rel-18, the BFRR of TRP-specific BFR in Rel-17 can be reused, i.e. a first PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for transmission of the PUSCH carrying BFR MAC CE and having a toggled NDI field value. After X symbols from the BFRR, the TCI state of the PDCCH in all CORESET, PDSCH, aperiodic CSI-RS, PUCCH, PUSCH and SRS should be reset, where the X symbols is determined based on the smallest of the SCS configuration of the active DL BWP for the PDCCH reception and of the active DL BWP(s) of the serving cell which contains the failed TRP indicated by BFR MAC CE.
Proposal 26: 
· BFRR mechanism in Rel-17 TRP-specific BFR mechanism can be reused.

Simultaneous multi-panel UL transmission
Enhanced beam report
[bookmark: _Hlk101865025]In Rel-17 for MPUE, to facilitate UE-initiated panel activation and selection, the beam report is enhanced to include the index of UE capability value set related to each pair of CRI or SSBRI and L1-RSRP/L1-SINR, where each index only indicates the maximum supported number of SRS ports. Based on the enhanced beam report, UL beam and panel can be indicated by gNB for UL channel/RS transmission. In Rel-18, simultaneous multi-panel UL transmission should be studied and specified. The principle for UL panel selection mechanism of Rel-17 MPUE can be reused, where beam report format is enhanced to facilitate multiple beam indication for simultaneous UL transmission from different UE panels. 
In Rel-17 enhanced beam report, each UE capability value set only comprises the max supported number of SRS ports and any two capability value sets are different. If multiple UE panels have same capability value set, how many panels and which panel indicated by the index in beam report is transparent to the gNB. And the gNB cannot select two UE panels with same capability value set for simultaneous UL transmission without disclosing UE panels in UE capability report. Considering that two beams can be indicated for DL simultaneous reception by the UE based on the legacy group-based beam report, enhanced group-based beam report in Rel-18 can be introduced for UL beam indication for simultaneous transmission from multiple panels at the UE. 
Proposal 27: 
· Reuse the principle for UL panel selection mechanism of Rel-17 MPUE, e.g. based on group-based beam report enhancement. 
In Rel-15 if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple spatial domain receive filters. In Rel-17 multi-TRP operation, if the UE is configured with the higher layer parameter groupBasedBeamReporting-r17, the UE shall report in a single reporting instance nrofReportedRSgroup, if configured, group(s) of two CRIs or SSBRIs selecting one CSI-RS or SSB from each of the two CSI Resource Sets for the report setting, where CSI-RS and/or SSB resources of each group can be received simultaneously by the UE.
For group-based beam report enhancement in Rel-18, one possible solution is to introduce the index indicating UE capability value set for each SSBRI/CRI of every resource group. In a beam reporting instance multiple groups of two SSBRIs/CRIs are reported, where each index is along with the pair of SSBRI/CRI and L1-RSRP/L1-SINR. For example, the contents of enhanced group-based beam report can be included as follows. For each reported resource group, two indexes, i.e. index#X1 and index#Y1 of first resource group, or index#X2 and index#Y2 of second resource group, can be used to indicate two UE panels with same or different capability value sets to assist the gNB to select multiple panels with same or different supported numbers of SRS ports. If two SSBRIs/CRIs in a resource group are used for UL beam indication, the corresponding UE panels are selected.
	{SSBRI/CRI #1, SSBRI/CRI #2} of 1st resource group, 
{SSBRI/CRI #1, SSBRI/CRI #2} of 2nd resource group,
{L1-RSRP/L1-SINR #1, L1-RSRP/L1-SINR #2} of 1st resource group,
{L1-RSRP/L1-SINR #1, L1-RSRP/L1-SINR #2} of 2nd resource group,
{index#X1, index#Y1} of 1st resource group
{index#X2, index#Y2} of 2nd resource group



Based on the solution mentioned above, for DL-only beam indication for simultaneous reception by the UE and UL beam indication for simultaneous transmission from multiple panels at the UE, there is no need to introduce a mixed report format similar to Rel-17 enhanced beam report for MPUE. When joint TCI is configured, the enhanced group-based beam report for MPUE is enough to indicate the optimal TCI states for DL and UL, where the optimal two UE panels for DL and for UL are the same. When separate TCI is configured, the different beam report type for DL and UL can be configured by gNB. For example, RRC parameter reportQuantity set to legacy value in Rel-15/17 or new value in Rel-18 can be used to indicate DL-only or UL-only multi-panel selection.
Proposal 28: 
· Introduce the index indicating UE capability value set for each SSBRI/CRI of every resource group in group-based beam report.
Proposal 29: 
· It is not necessary to support a mixed format of group-based beam report for DL-only simultaneous reception and UL simultaneous transmission for MPUE.
Proposal 30: 
· Introduce new value for RRC parameter reportQuantity to support multi-panel selection for UL simultaneous transmission.
Another possible solution is allowing a mixed format of group based beam report for DL simultaneous reception and UL simultaneous transmission for MPUE. In addition to including the indexes indicating the UE capability value sets, an additional indication bit can be introduced for each resource group. For example, the contents of enhanced group-based beam report can be included as follows. For each reported resource group, depending on the additional indication bit, e.g. Indicator 1 and Indicator 2, two UE panels indicated by two indexes, i.e. index#X1 and index#Y1 of first resource group, or index#X2 and index#Y2 of second resource group, can be determined to be used for DL-only simultaneous reception or for DL simultaneous reception and UL simultaneous transmission. 
	{SSBRI/CRI #1, SSBRI/CRI #2} of 1st resource group, 
{SSBRI/CRI #1, SSBRI/CRI #2} of 2nd resource group,
{L1-RSRP/L1-SINR #1, L1-RSRP/L1-SINR #2} of 1st resource group,
{L1-RSRP/L1-SINR #1, L1-RSRP/L1-SINR #2} of 2nd resource group,
{index#X1, index#Y1} of 1st resource group
{index#X2, index#Y2} of 2nd resource group
{Indicator 1} of 1st resource group
{Indicator 2} of 1st resource group


Proposal 31: 
· If a mixed group-based beam report is allowed, an additional indication bit can be introduced to indicate whether a pair of SSBRIs/CRIs in a resource group is used for DL-only simultaneous reception or for DL simultaneous reception and UL simultaneous transmission for MPUE.

UL beam indication
The solutions for indication of multiple DL and UL TCI states focusing on multi-TRP use case by using Rel-17 unified TCI framework can be reused. If two joint TCI state or UL TCI states are indicated by gNB based on the enhanced group-based beam report, i.e. two indicated TCI states are determined according to two SSBRIs/CRIs from one resource group in the beam report, two panels can be selected for UL simultaneous transmission. 
For multi-DCI based multi-TRP case, the DL/UL channels can be scheduled by two DCIs corresponding to different coresetPoolIndex values and apply different indicated TCI states, respectively. If the gNB expects to schedule simultaneous multi-panel UL transmission, it needs to ensure that two TCI states indicated by two beam indication DCIs corresponding to different coresetPoolIndex values are from a reported resource group and are applied to the scheduled DL/UL channels.
For single-DCI based multi-TRP case, when the scheme of simultaneous multi-panel UL transmission is configured, if two TCI states corresponding to different UE panels are indicated by a DCI based on the enhanced group-based beam report, the multiple indicated TCI states can be applied to the PUCCH, and the SRS resource set indicator field in UL DCI can indicate two TCI states applied for PUSCH.
Proposal 32: 
· Reuse the solutions for indication of multiple TCI states focusing on multi-TRP use case, where the multiple TCI states are determined according to two SSBRIs/CRIs from one resource group in the beam report.

Power control for single-DCI based multi-TRP
	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.



· PC parameter setting determination for single-DCI based multi-TRP 
Since we focus on multi-panel transmission towards multi-TRP, two PC settings and two PLRS for two panels can be acquired by two indicated TCI states as we illustrate in clause 2.4. 
Panel-specific power control parameters can be achieved by two PC settings and two PLRS associated in two indicated TCI states.

· Panel-specific power limit
[bookmark: _Hlk102134734]Power calculation should be further discussed to make it compatible with STxMP in single-DCI based multi-TRP operation. Current power is calculated based on one transmission occasion corresponding to only one panel utilizing the following formula. For transmission occasion i, specific P0/alpha, Pathloss measured by PL-RS, and closed-loop power adjustment are involved to calculate transmission power. According to UE power class, the transmission power is limited by PCMAX, f,c(i)  which is the  rated UE maximum output power for carrier f of a serving cell c. 
[image: ] [dBm]
Regarding STxMP on one transmission occasion, panel-specific P0/alpha, Pathloss, and closed-loop power adjustment can be acquired. Then panel-specific transmission power can be calculated by using the above formula respectively to achieve panel-specific power control. To enable this, per-panel power limits should be defined. Considering panel-specific power control should be applicable for both STxMP and single panel transmission because dynamic switch between single panel transmission and STxMP is envisioned to be supported, current power limitation should be reused as panel-specific power limits. 
Proposal 33:  
· Panel-specific power limitition should be introduced for panel-specific power control.
Current power limitation PCMAX, f,c(i) is restricted by max TRP and max EIRP. Regulatory requirements exist for EIRP, which are per-UE based for a band, and TRP is preferred to be kept as per-UE to avoid complicated revision on related basic requirements in RAN4. Therefore, power limitation PCMAX, f,c(i)  is defined as per-UE limitation and shall be also mandatory fulfilled for STxMP. Based on this situation, power sharing rule should be further discussed in RAN1 together with panel-specific power control to meet the per-UE power limitation.
Proposal 34: 
· Further study power sharing rule to meet the per-UE power limitation.

· PHR report for single-DCI based and multi-DCI based STxMP
Panel-specific PHR should be reported to assist gNB in controlling transmission power for each panel in single-DCI based multi-TRP operation. To achieve this, the design in Rel-17 TRP-specific PHR reporting can be considered as a baseline. In Rel-17 single-DCI based multi-TRP, when PHR MAC-CE is reported in slot n, for a CC that is configured with multi-TRP PUSCH repetition, the second PHR value is determined as follows: 
· If the first PHR value is actual PHR (based on Rel-15/16) corresponding to a repetition among multi-TRP PUSCH repetitions associated with a given TRP, the second PHR value
· is actual only when a repetition associated with the other TRP is transmitted in slot n. Otherwise, it is virtual.
· If the first PHR value is actual PHR (based on Rel-15/16) but not corresponding to a repetition among multi-TRP PUSCH repetitions (corresponds to single-TRP PUSCH), a second PHR value is reported as virtual PHR.
· If the first PHR value is virtual, a second PHR value is reported as virtual PHR.

For panel-specific PHR reporting in STxMP, where transmission from panels occur in the same slot, two PHRs can be determined as follows:
· If the first PHR value is the actual PHR corresponding to a panel for STxMP, the second PHR is actual PHR. 
· If the first PHR value is actual PHR corresponding to a panel for single panel transmission, a second PHR value is reported as virtual PHR.
· If the first PHR value is virtual, a second PHR value is reported as virtual PHR.
Proposal 35: 
· TRP-specific PHR reporting designed in Rel-17 single-DCI based multi-TRP should be reused for panel-specific PHR reporting as much as possible. 
For multi-DCI based multi-TRP/STxMP, as shown in Figure 8, when PUSCHs scheduled by two DCIs corresponding to two different coresetPoolIndex values are non-overlapping, the first PUSCH will be the transmission occasion for calculating and reporting PHR based on the description in current specification. However, for the overlapped PUSCHs  transmission from two panels, how UE reports and calculates PHR is unclear. Panel-specific PHR reporting for both non-overlapped and overlapped PUSCHs simplifies power control for each panel. For instance, gNB can make a better decision on whether to schedule two PUSCHs for STxMP based on the reported two PHRs. Therefore, we propose to further study panel-specific PHR reporting for the PUSCHs scheduled by two DCIs.


Figure 8 [bookmark: _Ref102163405]PHR reporting in mTRP operation
Proposal 36: 
· Further study panel-specific PHR reporting for the PUSCHs scheduled by two DCIs. 

Conclusions
1. 
1.1. 
In this contribution, we have the following proposals. 
Proposal 1: 
· Focus on unified TCI enhancement on multi-TRP schemes in Rel-16 and Rel-17 and possible STxMP first.
Proposal 2: 
· For multi-TRP operation in Rel-18, support the maximum value of M/N to be 2.
Proposal 3: 
· For single-DCI based multi-TRP transmission in Rel-18, following flexibility should be supported under a common signaling framework
· Support flexibility of different transmission modes, i.e., single-TRP transmission mode and multi-TRP transmission mode, between DL and UL in Rel-18.
· Support dynamic switching between single-TRP transmission mode and multi-TRP transmission mode per channel in Rel-18.
· Support decoupling of multi-TRP transmission scheme for each channel in Rel-18.
Proposal 4: 
· Channels/RSs associated with a same coresetPoolIndex apply a common beam indicated for the TRP.
Proposal 5: 
· Consider same or different configured TCI mode (e.g. joint TCI, separate TCI) for different TRPs.
Proposal 6: 
· Support Alt2, for multi-DCI based multi-TRP, the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values is used to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value.
Proposal 7: 
· For single-DCI based multi-TRP case, the same principle of TCI state activation and indication in Rel-16/17 is reused.
· Reuse the DCI format in Rel-17 unified TCI framework for beam indication.
· Determine the number of the indicated TCI states based on codepoint indicated by TCI field in beam indication DCI.
· Determine one-to-one mapping between two TRPs and the two activated DL/UL TCI states in a TCI codepoint.
· The max number of MAC CE activated TCI codepoints and the max number of TCI field bits are kept same as Rel-16.
Proposal 8: 
· For multi-DCI based multi-TRP, the TCI state application rule can be defined per channel/RS, e.g.
· For CORESET following the unified TCI state, apply the indicated TCI state corresponding to the coresetPoolIndex associated with this CORESET.
· For PDSCH, PUCCH and PUSCH scheduled by a DCI, apply the indicated TCI state of the scheduling PDCCH, which is corresponding to the coresetPoolIndex associated with the CORESET.
· For PUCCH and PUSCH transmission configured by RRC, including periodic PUCCH and Type 1 configured grant, etc., apply the indicated TCI state corresponding to a default coresetPoolIndex, e.g. coresetPoolIndex 0, or the TCI state corresponding to a coresetPoolIndex configured by RRC.
· For CSI-RS and SRS following the unified TCI state, apply the indicated TCI state corresponding to the coresetPoolIndex value associated with resource set/resource group/resource, or follow the triggering PDCCH. 
Proposal 9: 
· For single-DCI based multi-TRP case, a channel grouping mechanism can be introduced, where the channel group is applied at least for CORESET, i.e. CORESET group.
· The two indicated TCI states are associated with the channel groups, respectively.
Proposal 10: 
· For single-DCI multi-TRP, for CORESET following the unified TCI state, support Alt1, i.e., use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a CORESET or a CORESET group.
Proposal 11: 
· For single-DCI based multi-TRP case, support the following TCI state determination rule
· For PDCCH repetition, UE can monitor two PDCCH candidates in the linked search space sets associated with same or different CORESET groups and apply the corresponding indicated TCI state(s). 
· When a CORESET belongs to two CORESET groups at the same time, SFN-based PDCCH transmission is allowed to apply the two indicated TCI states.
Proposal 12: 
· For single-DCI based multi-TRP case, when two TCI states are indicated, to support dynamic switching between single-TRP and multi-TRP operation, the TCI state application rule for some transmission schemes can be defined per channel/RS,
· For PDSCH, a new field can be introduced in scheduling DL DCI to dynamically indicate one or two TCI states applied for PDSCH.
· For PUCCH, a PUCCH resource or a PUCCH group can be associated with one or two indicated TCI states.
· For PUSCH, the SRS resource set indicator field in UL DCI can be re-defined to indicate which one or two TCI states are applied. 
· For CSI-RS and SRS following the unified TCI state, apply the associated indicated TCI state per resource set/ resource group level, or follow the triggering PDCCH. 
Proposal 13: 
· When the UL PC parameter settings (including PLRS, P0, alpha, closed loop index) are associated with two indicated TCI states, respectively, the PC parameter setting determination depends on the TCI state applied for PUCCH/PUSCH/SRS.
Proposal 14: 
· If the PC parameter settings (including PLRS, P0, alpha, closed loop index) are not associated with the indicated TCI states, default settings for each channel/RS for each TRP can be configured by RRC or indicated by MAC CE from the configured PC parameter setting list.
· For PUSCH, default settings also can be selected based on the value of up to two SRI fields.
Proposal 15: 
· UL PC parameter settings from different setting lists including additional P0 list are associated with an UL or joint TCI state for different services.
· TCI state ID and OLPC are used to determine PC parameters.
Proposal 16: 
· If the PC parameter settings are not associated with the indicated TCI states, P0 or additional P0 can be determined based on the value of SRI field and OLPC field.
Proposal 17: 
· When one SRS resource set is configured for multi-DCI based multi-TRP case, clarify whether the UL PC parameters for all SRS resources in the set are allowed to be different.
· When two SRS resource sets are configured, each SRS resource set is associated with a coresetPoolIndex, all SRS resources in a set apply the UL PC parameters associated with the UL or joint TCI state corresponding to the coresetPoolIndex with the SRS resource set.
Proposal 18: 
· For CA case in multi-DCI based multi-TRP scenario, common TCI state update is applied for the BWPs/CCs with same coresetPoolIndex in a CC list.
Proposal 19: 
· If different TCI modes are allowed to be configured for multi-TRP in a BWP/CC, for each TRP, the TRP-specific TCI state pool can be configured in reference BWP/CC or in each BWP/CC with same coresetPoolIndex value. 
Proposal 20: 
· The dynamic switch between single-TRP and single-DCI based multi-TRP operation can be determined based on the number of the indicated TCI state IDs for all CCs in a CC list.
Proposal 21: 
· For beam application time in CA case for multi-TRP, the first slot and BeamAppTime_r17 symbols are both determined on the carrier with the smallest SCS among the carriers applying the beam indication, where the carriers are configured with same coresetPoolIndex value, or all carriers in a CC list.
Proposal 22: 
· For explicit BFD-RS configuration, each BFD-RS set can be associated with a coresetPoolIndex value or, if applicable, associated with a channel group ID.
· For implicit BFD-RS determination, the source RSs in the two indicated TCI states are used as the BFD-RSs for multi-TRP, respectively.
Proposal 23: 
· NBI-RS configuration mechanism in Rel-17 TRP-specific BFR mechanism can be reused.
Proposal 24: 
· For a failed TRP configured with joint TCI mode, 
· The available UL grant of a non-failed TRP can be used preferentially for BFR MAC CE.
· Use the PUCCH-SR resource associated with a non-failed TRP, or the PUCCH-SR resource associated with the failed TRP but transmit to a non-failed TRP.
Proposal 25: 
· For a failed TRP configured with separate TCI mode, 
· The available UL grant from any TRP with good uplink is used to transmit BFR MAC CE.
· Use the PUCCH-SR resource associated with the failed TRP.
Proposal 26: 
· BFRR mechanism in Rel-17 TRP-specific BFR mechanism can be reused.
Proposal 27: 
· Reuse the principle for UL panel selection mechanism of Rel-17 MPUE, e.g. based on group-based beam report enhancement. 
Proposal 28: 
· Introduce the index indicating UE capability value set for each SSBRI/CRI of every resource group in group-based beam report.
Proposal 29: 
· It is not necessary to support a mixed format of group-based beam report for DL-only simultaneous reception and UL simultaneous transmission for MPUE.
Proposal 30: 
· Introduce new value for RRC parameter reportQuantity to support multi-panel selection for UL simultaneous transmission.
Proposal 31: 
· If a mixed group-based beam report is allowed, an additional indication bit can be introduced to indicate whether a pair of SSBRIs/CRIs in a resource group is used for DL-only simultaneous reception or for DL simultaneous reception and UL simultaneous transmission for MPUE.
Proposal 32: 
· Reuse the solutions for indication of multiple TCI states focusing on multi-TRP use case, where the multiple TCI states are determined according to two SSBRIs/CRIs from one resource group in the beam report.
Proposal 33: 
· Panel-specific power limitition should be introduced for panel-specific power control.
Proposal 34: 
· Further study power sharing rule to meet the per-UE power limitation.
Proposal 35: 
· TRP-specific PHR reporting designed in Rel-17 single-DCI based multi-TRP should be reused for panel-specific PHR reporting as much as possible. 
Proposal 36: 
· Further study panel-specific PHR reporting for the PUSCHs scheduled by two DCIs. 
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