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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN-P#94e meeting, the WID of R18 MIMO evolution defines the objectives of R18 MIMO in RAN1 as follows [1]:
RAN1:
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.
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
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.

In RAN1#109e, the following agreements were reached[2]:
	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 
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 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
· 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
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.
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 (approved on May 24th, see below).



In this contribution, we provide our understanding on the scope of enhancing the Rel-17 unified TCI framework to support multi-TRP DL and UL operation as well as simultaneous multi-panel UL transmission,  and UL power control aspects for multi-panel/TRP based UL transmission. 

Discussion
Scenarios for multi-TRP with unified TCI framework
The Rel-17 unified TCI framework provides a mechanism for signaling common TCI state at least for UE-dedicated PDCCH/PDSCH reception and/or common UL TCI for all PUSCH/PUCCH across a set of configured CCs/BWPs. In this framework, in the DL, the source reference signal(s) in M TCIs provide common QCL information at least for UE-dedicated reception on PDSCH and all or subset of CORESETs in a CC. In the UL, the source reference signal(s) in N TCIs provide a reference for determining UL TX spatial filter(s) for all PUSCH/PUCCH in a CC, and SRS resources that are not configured with  UL TCI state by RRC. Rel-17 specification only supports transmission to and from 1 TRP (M=1 and N=1). In Rel-18 we intend to extend the unified TCI scheme to M>1 and N>1 to support DL transmission from multiple TRPs and UL  transmission to multiple TRPs. 
Basic multi-TRP operation was specified in Rel-16 including single-DCI based multi-TRP scheme as well as multi-DCI based multi-TRP scheme. For mDCI mTRP operation, a higher layer parameter coresetPoolIndex was configured for TRP differentiation. To support mDCI mTRP operation with unified TCI framework, two sets of TCI states can be activated, each set associated with a coresetPoolIndex value. Based on this principle, each DL transmission including PDSCH, PDCCH as well as aperiodic CSI-RS can be associated with a DL TCI state according to the associated corestPoolIndex value of the scheduling DCI. Similarly in the UL, at least for type 2 CG PUSCH and DG PUSCH as well as aperiodic SRS, the UE can determine a UL TCI state according to the corestPoolIndex associated with the activation and triggering DCI. For the TCI state determination for PUCCH transmission, each PUCCH resource can be associated with a corestPoolIndex, which has been agreed in NR Rel-16. However, how to build the association between a PUCCH resource and a coresetPoolIndex should be further studied  since it is not clear in NR Rel-16.
Proposal 1 [bookmark: _Toc111041224][bookmark: _Toc111108562]To support multi-DCI multi-TRP operation with higher layer parameter coresetPoolIndex
· [bookmark: _Toc111041225][bookmark: _Toc111108563]For DL operation, the DL TCI state applied is based on the coresetPoolIndex.
· [bookmark: _Toc111041226][bookmark: _Toc111108564]For UL operation, the UL TCI state applied is based on a coresetPoolIndex.
· [bookmark: _Toc111041227][bookmark: _Toc111108565]Each PUCCH resource can be associated with a coresetPoolIndex.
In Rel-16, different single-DCI based multi-TRP schemes including scheme 1a(NCJT), scheme 2a(FDM Scheme A), scheme 2b(FDM Scheme B), scheme 3 and scheme 4 were specified with two indicated TCI states. SFN based PDSCH scheme was further specified in Rel-17 for HST scenario. Dynamic switching between different schemes by DCI as well as RRC signaling was also supported. For example, single-TRP scheme and multi-TRP scheme can be dynamically switched by indicated one or two TCI state in the scheduling DCI. 
With unified TCI framework, two DL TCI states can be indicated for a BWP of a serving cell, one or two of the indicated two TCI states can be used for a PDSCH transmission with a specific transmission scheme. For each mTRP PDSCH schemes, the mapping between the indicated DL TCI states and the scheduled PDSCH transmissions can be determined as that in Rel-16. For example, when NCJT based PDSCH is scheduled, the first DL TCI state applies to the DMRS ports of the one CDM group and the second DL TCI state applies to the DMRS within another CDM group. When two PDSCH transmissions are scheduled with FDM scheme B, the first DL TCI state applies to the PDSCH transmission with the first PRB set and the second DL TCI state applies to the PDSCH transmission with the second PRB set.
Proposal 2 [bookmark: _Toc111041228][bookmark: _Toc111108566]To Support single DCI based multi-TRP PDSCH transmission, two DL TCI states shall be indicated for a BWP of a serving cell. Rel-16 schemes can be reused to map one or two DL TCI states to the signalled TCI codepoint to the scheduled PDSCH transmissions.
[bookmark: _Toc111041229]Similar with that in Rel-16, dynamic switching among different schemes including the switching between single-TRP and multi-TRP PDSCH transmission should be supported with two indicated unified TCI states.  It can support dynamic switching between single-TRP and multi-TRP PDSCH transmission by updating the indicated unified TCI state(s) for DL, however, there is an application time for the updating of unified TCI state(s), which is not friend to frequently switch between single-TRP PDSCH and multi-TRP PDSCH. A more convenient manner can be introduced for dynamic switch between single-TRP and multi-TRP PDSCH. For example, a field with 2 bits similar with “SRS resource set indicator” field specified for multi-TRP PUSCH in Rel-17 can be introduced for PDSCH. By using this new field on a DCI with format 1_1/1_2, one or two unified TCI states can be indicated for a PDSCH scheduled or activated by the DCI if two unified TCI states are indicated for DL. Therefore, dynamic switching between multi-TRP PDSCH and single-TRP PDSCH can be done by utilizing the new field.
Proposal 3 [bookmark: _Toc111108567]A new DCI field can be introduced in the scheduling or activating DCI with format 1_1/1_2 to support dynamic switching between sTRP and mTRP PDSCH scheme.
Multi-TRP based ePDCCH with repetition was specified in Rel-17, where one DCI can be transmitted by two linked search space sets associated with different TCI states or one PDCCH can be transmitted by different TRPs with SFN manner. With extended unified TCI framework, PDCCH in Rel-16 should be supported as well as ePDCCH in Rel-17. 
To determine the TCI state for PDCCH reception when two DL TCI states are indicated with unified TCI framework, several alternatives are provided in RAN1#109e as follows:
· 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
Based on our understanding, TCI state for PDCCH should be determined by per CORESET as that in Rel-17. In Rel-17, the indicated unified TCI always applied to CORESET associated with USS and/or Type3-PDCCH CSS only. For the other CORESET, a higher layer parameter is configured per CORESET to indicate whether the indicated unified TCI state is applied to the corresponding PDCCH reception. The same principle can be adopted in Rel-18. For example, the first indicated joint/DL TCI state always applies to PDCCH receptions associated with the CORESET associated with USS and/or Type3-PDCCH CSS only. For PDCCH receptions associated with the CORESET associated with CSS other than Type3-PDCCH CSS, and the CORESET associated with both USS and CSS, a higher layer parameter can be used to indicate whether the indicated unified TCI state and which TCI state is applied to the CORESET if it is indicated to follow the indicated unified TCI state.
Proposal 4 [bookmark: _Toc111041230][bookmark: _Toc111108568]Support Alt 1 and Alt 5 to map/associate a joint/DL TCI state to PDCCH reception(s)
Single-DCI multi-TRP based PUSCH/PUCCH repetition in time domain was specified in Rel-17. All those schemes shall be supported with unified TCI framework in Rel-18 with two indicated UL TCI states. To dynamically switch between sTRP and mTRP based PUSCH, SRS resource set indicator field shall be used to determine the whether to use one or two TCI states for each PUSCH transmission. For PUCCH, a higher layer parameter can be configured for each PUCCH resource or PUCCH group to indicated which one or both indicated UL TCI states are applied to the each PUCCH resource.
Proposal 5 [bookmark: _Toc111041231][bookmark: _Toc111108569]For TDM based single-DCI multi-TRP PUSCH transmission, SRS resource set indicator field in the scheduling DCI with format 0_1/0_2 shall be used  to dynamically switch between sTRP and mTRP PUSCH transmission.
Proposal 6 [bookmark: _Toc111041232][bookmark: _Toc111108570]For TDM based single-DCI multi-TRP PUCCH transmission, a higher layer parameter is configured per PUCCH resource or PUCCH group to indicate the UL TCI state applied to each PUCCH transmission.
Rel-18 MIMO will support coherent joint transmission (CJT) from multiple TRPs. However, it is not clear from the WID whether the CJT needs to be supported with Rel-17 or Rel-18 TCI framework. It is best to design the Rel-18 multi-TRP unified TCI to support Rel-18 CJT. 
Proposal 7 [bookmark: _Toc111041233][bookmark: _Toc111108571]Support coherent joint transmission with Rel-18 multi-TRP TCI. 
Multi-panel simultaneous UL transmission
In Rel-18, multi-panel simultaneous UL transmission (STxMP) will be supported with UE capability reporting. in RAN1#109e, various STxMP PUSCH schemes are proposed as follows:
· SDM scheme: different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. 
· Study and evaluate whether to support 2 CWs in SDM manner and transmitted from two different panel simultaneously.
· FDM-B scheme: two PUSCH transmission occasions with same/different RV of the same TB are transmitted from different UE panels on non-overlapped frequency domain resources and the same time domain resources.
· FDM-A scheme: different parts of the frequency domain resource of one PUSCH transmission occasion are transmitted from different UE panels.
· SFN-based transmission scheme: all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously.
· SDM repetition scheme: two PUSCH transmission occasions with different RV of the same TB are transmitted from two different UE panels simultaneously.
SDM, FDM and SFN schemes could be supported with unified TCI framework by indicating two or more UL TCI states. Similar with single-DCI multi-TRP PDSCH scheme specified in Rel-16, dynamic switching between different schemes should be supported, the detailed solutions can be further studied. The mapping/association between the two indicated UL TCI states and each PUSCH transmission occasions can be fixed in specification. Take FDM scheme as an example, the first indicated UL TCI state applies to the PUSCH transmission with the first PRB set and the second indicated UL TCI state applies to the PUSCH transmission with the second PRB set.
Proposal 8 [bookmark: _Toc111041234][bookmark: _Toc111108572]STxMP PUSCH with SDM, FDM and SFN schemes shall be supported in Rel-18. 
Proposal 9 [bookmark: _Toc111041235][bookmark: _Toc111108573]The switching mechanism between different PUSCH schemes, e.g., single-panel/TRP PUSCH, STxMP SDM PUSCH, STxMP FDM PUSCH, SFN PUSCH and multi-TRP TDM PUSCH schemes, can be discussed after determining all the supported schemes.
In RAN1#109, some companies proposed to support STxMP PUCCH transmission in Rel-18. Based on our understanding, the WID clearly state to support PUCCH+PUCCH transmission with multi-DCI framework. However, for single-DCI based multi-TRP PUCCH transmission, SDM based STxMP PUCCH should be precluded first since it will introduce larger spec impact to support more than one layer PUCCH transmission. Whether to support FDM based PUCCH and SFN PUCCH scheme can be future discussed with necessary evaluation.
Proposal 10 [bookmark: _Toc111041236][bookmark: _Toc111108574]Support STxMP PUCCH with multi-DCI based multi-TRP framework.
To support STxMP UL transmission, we first need to determine how many total panels to support, how many of them can be activated at the same time, and how many can transmit simultaneously. We suggest to support up to 4 UE panels with at least 2 panels are active, and two active panels and can transmit simultaneously. Also needs to be determined is how many TRPs are the target or potential target of the UL transmission. Considering the flexibility of network deployment, the number of candidate TRPs can be from 2 to 4, where they can be from the same or different serving cells. Each TRP shall transmit its own CSI-RS resources for UE measurement. Only with these scenario clarified it is possible to determine the number of SRS resources or resource sets needed, the number of CSI-RS resources needed, and the CSI report required for panel and beam selection. In the UL, SRS need to be enhanced to support multi-panel UE (panel switching or multi-panel simultaneous transmission). Different UE active panels which can be used for UL transmission can be configured with different SRS resource sets, and the number of configured SRS resource sets for CB or NCB may depend on the number of UE active panels supported. In Rel-17 since only one panel can transmit at any time, a panel capability (number of SRS ports supported) is used to represent a distinct panel. When more than one panel can transmit at the same time, and when these panels have identical hardware configurations (thus same number of SRS ports), a new way to identify a UE panel may be needed. 
Proposal 11 [bookmark: _Toc111041237][bookmark: _Toc111108575]Study method to identify UE panel for multi-panel simultaneous transmission.
Since the WID clearly say to support STxMP UL transmission in FR2, one issue is how to ensure the two indicated UL TCI states for STxMP UL transmission are associated with two different activated panels  and can be simultaneously transmitted by the UE. This issue can be discussed together with the UE panel related issues. For example, association between each UL TCI state and each UE panel may need to be established. When the NW and the UE have the same understanding on the UE’s activated panels for STxMP transmission, two UL TCI states associated with two activated panels which are used for STxMP transmission can be indicated by the unified TCI framework.
Proposal 12 [bookmark: _Toc111041238][bookmark: _Toc111108576]Further enhancement on the multi-beam operation is needed to ensure the two indicated UL TCI states are associated with two different UE panels and can be simultaneously transmitted by the UE.
Both NCB- and CB-PUSCH shall be supported with multi-panel simultaneous transmission. While the precoding scheme is to be designed in AI 9.1.4.1, the corresponding SRS resources or SRS resource sets, association between SRS and UE panel, the indication of more than one UL TCI state and beam failure recovery considering multi-panel scheme shall be designed in AI 9.1.1. For the SRS enhancement to support STxMP PUSCH transmission, SRS for Rel-17 multi-TRP TDM PUSCH repetition scheme can be the start point. For example, two SRS resource sets for CB or nCB can be configured for a BWP of a cell, where each SRS resource set corresponds to a UE panel and a TRPs. And the SRS resource set indicator field contained in DCI with format 0_1/0_2 can be reused but with new interpretation to support the switching between single-panel and multi-panel PUSCH transmission 
Proposal 13 [bookmark: _Toc111041239][bookmark: _Toc111108577]Support to configure two SRS resource sets for CB/nCB in a BWP of a cell to support STxMP PUSCH transmission, where each SRS resource set corresponds to UE panel.
The issue of CSI multiplexing and prioritization considering STxMP PUCCH as well as STxPUSCH transmission need further study when STxMP PUCCH/PUSCH transmission schemes are determined. For example, two overlapped PUCCH resource can be transmitted with multi-DCI multi-TRP framework, which is not supported in Rel-17.
Proposal 14 [bookmark: _Toc111041240][bookmark: _Toc111108578]Study CSI multiplexing and prioritization for STxMP PUSCH and PUCCH transmission. 
Signaling of multiple-TRP TCI states
Although the R17 TCI signaling mechanism only indicates one DL TCI state, or one UL TCI state, or one joint DL/UL TCI state, it can serve as the baseline for R18 TCI with M>1, N>1 or M=N>1. The RRC configuration of TCI states, MAC-CE based TCI activation, and dynamic indication of TCI using DCI format 1_1/1_2 shall be reused as much as possible. Besides, the multi-TRP TCI signaling mechanism specified in Rel-16 should also be reused as much as possible. Another issue is whether to support simultaneous configuration of joint and separate TCI framework in a same BWP of a cell. We think the same principle specified in Rel-17 should be followed to reduce the UE complexity.
Proposal 15 [bookmark: _Toc111041241][bookmark: _Toc111108579]Joint TCI framework and separate TCI framework shall not be configured simultaneously in the same BWP.
For single-DCI based MTRP, one joint TCI state pool or separate DL TCI state pool and UL TCI state pool are configured by RRC for a serving cell. Then a MAC CE can be used to activate multiple pair of joint/DL TCI states and/or multiple pair of DL TCI states to the TCI codepoint indicated by the DCI format 1_1/1_2 as that in Rel-16 and map them to the up to 8 TCI codepoints indicated by DCI format 1_1/1_2. Considering the feature of unified TCI indication in Rel-17 and to support dynamic switching between single-TRP and multi-TRP transmission, the following combinations can be mapped to a TCI codepoint:
· 1 joint TCI state
· 1 joint TCI state + 1 joint TCI state
· 1 pair of DL TCI states + 1 pair of UL TCI states
· 1 pair of DL TCI states + 1 UL TCI state
· 1 pair of UL TCI states + 1 DL TCI state
When joint TCI framework is configure, if a single joint TCI state is indicated, single-TRP based transmission is indicated, if a pair of joint TCI states are indicated, multi-TRP based transmission can be scheduled for the UE.
Proposal 16 [bookmark: _Toc111041242][bookmark: _Toc111108580]For single-DCI based MTRP, the max number of MAC CE activated TCI codepoints is 8, and the TCI field bitwidth is 3 .
Proposal 17 [bookmark: _Toc111041243][bookmark: _Toc111108581]For single-DCI based MTRP, the following TCI combinations can be activated by MAC CE and are mapped to up to 8 TCI codepoints indicated by DCI format 1_1/1_2:
· [bookmark: _Toc111041244][bookmark: _Toc111108582]1 joint TCI state
· [bookmark: _Toc111041245][bookmark: _Toc111108583]1 joint TCI state + 1 joint TCI state
· [bookmark: _Toc111041246][bookmark: _Toc111108584]1 pair of DL TCI states + 1 pair of UL TCI states
· [bookmark: _Toc111041247][bookmark: _Toc111108585]1 pair of DL TCI states + 1 UL TCI state
· [bookmark: _Toc111041248][bookmark: _Toc111108586]1 pair of UL TCI states + 1 DL TCI state
For multi-DCI based MTRP, one joint TCI state pool or separate DL TCI state pool and UL TCI state pool are configured by RRC for a serving cell. Up to 8 joint TCI states, or 8 combinations of UL and/or DL TCI state can be activated for a coresetPoolIndex by MAC CE including a corestPoolIndex field. And the activated TCI states are mapped to TCI codepoint indicated by DCI format 1_1/1_2 from a CORESET configured with the same coresetPoolIndex. When joint TCI is configured, each codepoint associated with a coresetPoolIndex is mapped to a joint TCI state. When separate TCI is configured, the following TCI combination can be activated by MAC CE for a TCI codepoint:
· 1 joint TCI state, or
· 1 DL TCI state, or
· 1 UL TCI state, or
· 1 DL TCI state + 1 UL TCI state
Proposal 18 [bookmark: _Toc111041249][bookmark: _Toc111108587]For multi-DCI based MTRP, 
· [bookmark: _Toc111041250][bookmark: _Toc111108588]a coresetPoolIndex filed is introduced in the MAC CE to indicate the association between the activated TCI states and the coresetPoolIndex, and 
· [bookmark: _Toc111041251][bookmark: _Toc111108589]the TCI states activated by the MAC CE are mapped to the codepoints indicated by the DCI format 1_1/1_2 from a CORESET configured with a same coresetPoolIndex value.
Unified TCI states for DL and UL are still indicated by DCI format 1_1/1_2 with or without DL assignment. However, the indicated TCI state only applies to the channel/signal associated with the same coresetPoolIndex as that configured for the CORESET transmitting the DCI 1_1/1_2.
Proposal 19 [bookmark: _Toc111041252][bookmark: _Toc111108590]For multi-DCI based MTRP, the TCI state(s) indicated by a DCI format 1_1/1_2 only applies to the channels/signals associated with the same coresetPoolIndex as that configured for the CORESET transmitting the DCI.
Application of more than one beam may require longer time than single beam, especially if beam switching is accompanied by UE panel switching. The application time of beams from a TRP from another serving cell may also incur additional delay. The beam application time of after a multi-TRP TCI state is signaled requires more study.
Proposal 20 [bookmark: _Toc111041253][bookmark: _Toc111108591]Beam application time for multi-TRP TCI state requires further study. 
Power control for single DCI UL transmission
Power control for single-DCI UL transmission need to support both single-panel and multi-panel transmission. Rel-17 already supports associating PUSCH with two sets of power control parameters to support TRP-specific power control. In Rel-18 with unified TCI framework, each joint TCI state or UL TCI state is associated with a PL-RS and a UL PC parameter setting for PUSCH/PUCCH/SRS(including P0, alpha for PUSCH , and closed loop index). TRP-specific power control can be straightforwardly supported by applying the power control parameters associated with each joint TCI or UL TCI for each UL channel.
Transmitting with two or more panels simultaneously poses additional challenges, including determining the transmission power with one or two or three PCMAX values,  and coupling of the two transmission powers subject to different hardware architectures. Additionally, computation of power head room with one or two PHR values, and MPR for multi-panel UE, are all issues need to be studies.
Proposal 21 [bookmark: _Toc111041254][bookmark: _Toc111108592]Study power control with one or two one or two or three PCMAX values.
Proposal 22 [bookmark: _Toc111041255][bookmark: _Toc111108593]Study per-panel PHR report for multi-panel UE supporting STxMP.
Proposal 23 [bookmark: _Toc111041256][bookmark: _Toc111108594]Study MPR reporting for multi-panel UE supporting STxMP.
Conclusion
We have discussed the scope and enhancement required for supporting multi-TRP operation in the unified TCI framework, and identified a list of issues for further study. Our proposals are summarized as below:
Proposal 1	To support multi-DCI multi-TRP operation with higher layer parameter coresetPoolIndex
· For DL operation, the DL TCI state applied is based on the coresetPoolIndex.
· For UL operation, the UL TCI state applied is based on a coresetPoolIndex.
· Each PUCCH resource can be associated with a coresetPoolIndex.
Proposal 2	To Support single DCI based multi-TRP PDSCH transmission, two DL TCI states shall be indicated for a BWP of a serving cell. Rel-16 schemes can be reused to map one or two DL TCI states to the signalled TCI codepoint to the scheduled PDSCH transmissions.
Proposal 3	A new DCI field can be introduced in the scheduling or activating DCI with format 1_1/1_2 to support dynamic switching between sTRP and mTRP PDSCH scheme.
Proposal 4	Support Alt 1 and Alt 5 to map/associate a joint/DL TCI state to PDCCH reception(s)
Proposal 5	For TDM based single-DCI multi-TRP PUSCH transmission, SRS resource set indicator field in the scheduling DCI with format 0_1/0_2 shall be used  to dynamically switch between sTRP and mTRP PUSCH transmission.
Proposal 6	For TDM based single-DCI multi-TRP PUCCH transmission, a higher layer parameter is configured per PUCCH resource or PUCCH group to indicate the UL TCI state applied to each PUCCH transmission.
Proposal 7	Support coherent joint transmission with Rel-18 multi-TRP TCI.
Proposal 8	STxMP PUSCH with SDM, FDM and SFN schemes shall be supported in Rel-18.
Proposal 9	The switching mechanism between different PUSCH schemes, e.g., single-panel/TRP PUSCH, STxMP SDM PUSCH, STxMP FDM PUSCH, SFN PUSCH and multi-TRP TDM PUSCH schemes, can be discussed after determining all the supported schemes.
Proposal 10	Support STxMP PUCCH with multi-DCI based multi-TRP framework.
Proposal 11	Study method to identify UE panel for multi-panel simultaneous transmission.
Proposal 12	Further enhancement on the multi-beam operation is needed to ensure the two indicated UL TCI states are associated with two different UE panels and can be simultaneously transmitted by the UE.
Proposal 13	Support to configure two SRS resource sets for CB/nCB in a BWP of a cell to support STxMP PUSCH transmission, where each SRS resource set corresponds to UE panel.
Proposal 14	Study CSI multiplexing and prioritization for STxMP PUSCH and PUCCH transmission.
Proposal 15	Joint TCI framework and separate TCI framework shall not be configured simultaneously in the same BWP.
Proposal 16	For single-DCI based MTRP, the max number of MAC CE activated TCI codepoints is 8, and the TCI field bitwidth is 3 .
Proposal 17	For single-DCI based MTRP, the following TCI combinations can be activated by MAC CE and are mapped to up to 8 TCI codepoints indicated by DCI format 1_1/1_2:
· 	1 joint TCI state
· 	1 joint TCI state + 1 joint TCI state
· 	1 pair of DL TCI states + 1 pair of UL TCI states
· 	1 pair of DL TCI states + 1 UL TCI state
· 	1 pair of UL TCI states + 1 DL TCI state
Proposal 18	For multi-DCI based MTRP,
· 	a coresetPoolIndex filed is introduced in the MAC CE to indicate the association between the activated TCI states and the coresetPoolIndex, and
· 	the TCI states activated by the MAC CE are mapped to the codepoints indicated by the DCI format 1_1/1_2 from a CORESET configured with a same coresetPoolIndex value.
Proposal 19	For multi-DCI based MTRP, the TCI state(s) indicated by a DCI format 1_1/1_2 only applies to the channels/signals associated with the same coresetPoolIndex as that configured for the CORESET transmitting the DCI.
Proposal 20	Beam application time for multi-TRP TCI state requires further study.
Proposal 21	Study power control with one or two one or two or three PCMAX values.
Proposal 22	Study per-panel PHR report for multi-panel UE supporting STxMP.
Proposal 23	Study MPR reporting for multi-panel UE supporting STxMP.
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