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Introduction
In RAN #94 e-meeting, the enhancement for extending Rel-17 Unified TCI framework for multi-TRP use cases was agreed [1]. In this contribution, our views on extending Rel-17 Unified TCI to multi-TRP operation as well as multi-panel UL transmission are analyzed, including power control related issues.
Extension for indication of multiple DL/UL TCI states
In RAN1 #109 e-meeting, the following agreements on unified TCI for multi-TRP has been achieved [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 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.

In this section, TCI state association, beam indication signaling and single TRP/multi-TRP switching will be discussed.
Applicable scenarios
Under the unified TCI framework, the number of DL TCI states is defined as M, and the number of UL TCI states is defined as N. In Rel-17, only M=1 and N=1 are supported. For Rel-16/17 multi-TRP cases, for each channel, at most two TCI states are indicated to support two TRPs. Since the scheme for simultaneous uplink transmission has not been determined yet, the number of TCI states is not clear. Therefore, as an extension in Rel-18, M<=2 and N<=2 should be supported at least for Rel-16/17 multi-TRP cases.
Proposal 1: Support M<=2 (the number of DL TCI states) and N<=2 (the number of UL TCI states) at least for Rel-16/17 multi-TRP cases.
There is an issue on whether to support applying multiple joint/DL TCI states simultaneously to CJT-based PDSCH reception(s). According to the study of CJT, it is possible to increase the number of cooperating TRPs up to four. Then four TCI states are needed. However, from our point of view, CJT is just one of transmission schemes to be introduced in Rel-18, while for the rest of transmission schemes to be considered in eUTCI, i.e. Rel-16/17 multi-TRP and Rel-18 STxMP cases, there seems to have no demand on supporting more than 2 TCI states. Therefore, it is better to discuss CJT beam management separately.
Proposal 2: At current stage, unified TCI framework extension is preferred to focus on Rel-16/17 multi-TRP and Rel-18 STxMP.
In Rel-17, either joint TCI mode or separate DL/UL TCI mode is configured to UE by RRC. Considering mTRP as shown in Figure 1, there are two TRP-to-UE links. As channel characteristics are independent for each link, it is possible that one link (e.g. link-0) may suffer from MPE and the other one does not. Then, hybrid configuration of joint TCI and separated DL/UL TCI seems necessary to be supported in Rel-18. As TCI state mode could only be configured statically by RRC, TCI state mode is preferred to be configured per link instead of per UE. For example, link-0 would be configured with separate DL/UL TCI and link-1 would be configured with joint TCI by RRC.
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[bookmark: _Ref111205264]Figure 1: TCI state mode configuration for multi-TRP
Proposal 3: In Rel-18, TCI state mode (i.e. joint TCI or separate DL/UL TCI) could be configured per link for multi-TRP.
TCI state association
Within the unified TCI framework, when single or multiple TCI states are indicated, UE has to correctly associate each TCI state to corresponding channel resource(s) or transmission repetition(s). Therefore, Rel-18 has to specify the TCI state association with resource and/or time domain repetition. Such association could be defined for each channel independently.
TCI state update for S-DCI based multi-TRP

For Rel-17 PUCCH/PUCSH multi-TRP, time domain repetition transmission is used where each resource would be transmitted from one of two TRPs. To support all these cases within the unified TCI framework, when multiple TCI states are indicated, UE has to correctly associate each TCI state to corresponding channel resource(s) or transmission repetition(s). Therefore, Rel-18 has to specify the TCI state association with resource and/or time domain repetition. 
To define the association, TCI state indicators (the order index of the indicated TCI states, e.g. TCI_ind_0 denotes the first TCI state, TCI_ind_1 denotes the second TCI state,…), which refer to the indicated TCI states, could be employed in Rel-18.
Proposal 4: To define the association, TCI state indicators referring to the indicated TCI states could be employed in Rel-18.
For Rel-17 multi-TRP PDCCH, PDCCH could be transmitted by two associated search spaces with each search space or its associated CORESET transmitting from one individual TRP. For Rel-17 HST-SFN, each CORESET is associated with two TCI states for SFN transmission. For PDCCH in Rel-18, in the case of S-DCI, each CORESET could be associated with one or two joint/DL TCI states. According to the agreement of the last meeting, five alternatives have been proposed for the association, where RRC/MAC-CE/DCI or a combination of them could be used. In our opinion, in Rel-17, the indicated TCI state(s) is applied to each CORESET instead of each search space. The same rule should be extended to Rel-18, i.e. the association is performed in the CORESET level. On the other hand, for each CORESET, the necessity of dynamically changing its association is not clear. In our opinion, we prefer to use RRC configuration to inform association between the indicated TCI state(s) and a CORESET (Alt1). For PDCCH repetition, only one of the indicated TCI state is associated with the CORESET. If two TCI states are both associated, SFN transmission would be used.
Proposal 5: To support multi-TRP PDCCH transmission, use RRC configuration to inform association between the indicated TCI state(s) and a CORESET (Alt1).
For Rel-16 S-DCI based multi-TRP, PDSCH could be transmitted from two TRPs simultaneously (SDM-1a/FDM-2a/FDM-2b) or be transmitted from two TRPs according to a time domain repetition pattern (TDM3/TDM4). For PDSCH in Rel-18, in the case of SDM-1a/FDM-2a/FDM-2b, there is no need to define the association since both TCI states have to be used. For TDM-3/TDM-4, the association between TCI state and each time domain repetition has been specified in Rel-16, which could be reused in Rel-18. 
Proposal 6: Rel-17 unified TCI could be directly extended to support multi-TRP PDSCH by replacing Rel-15/16 TCI states/SpatialRelationInfo with Rel-17 TCI states.
For Rel-17 PUCCH, each resource is configured with one or two SpatialRelationInfo. In the case of two, time domain repetition transmission is used and the PUCCH resource would be transmitted to two TRPs. Similarly, for PUCCH in Rel-18, each PUCCH resource could be associated with one or two indicated TCI states. The association is implemented by TCI state indicators.
Proposal 7: To support multi-TRP PUCCH transmission,  each PUCCH resource has to be associated with one or two indicated TCI states.
For PUSCH multi-TRP transmission in Rel-17, the TX beam of each time domain repetition is determined by the SpatialRelationInfo of a SRS indicated by an SRI. Following the same mechanism, one extension scheme is to associate a joint/UL TCI state with a SRS resource set. But according to Rel-17 unified TCI, SRS resources within an SRS resource set could share the indicated TCI state. If SRS does not share the indicated TCI state, the association scheme would be problematic. To avoid such issue, another candidate scheme is to associate a joint/UL TCI state directly with each repetition. The association could be determined per DCI according to the codepoint of the SRS resource set(s) field of the DCI. The SRS resource set(s) field in DCI format 0_1/0_2 would be re-defined as the TCI state association. For example, “codepoint = 01” means single TRP mode and PUSCH is associated with TCI_ind_1. “codepoint = 10” means multi-TRP mode and PUSCH repetition with TCI_ind_0 and TCI_ind_1 order. In addition, for Type 1 CG PUSCH, similar as PDCCH, TCI state association is defined for each Type 1 CG PUSCH configuration. Considering Type 2 CG PUSCH, as it has to be scheduled by DCI, the same scheme as that of PUSCH (per DCI association) is used.
Proposal 8: To support Rel-17 multi-TRP PUSCH transmission, each time domain repetition is associated with an joint/UL TCI state. TCI state association is determined per DCI.
TCI state update for M-DCI based multi-TRP

For M-DCI based multi-TRP, CORESETPoolIndex is configured for each CORESET. For each TRP (represented by a CORESETPoolIndex), an independent DCI (corresponding to the CORESETPoolIndex) would be used for beam indication. In this way, the TCI state and CORESET association has already be supported through CORESETPoolIndex in the current spec. In addition, DL and UL transmission is also implemented independently per TRP. Consequently, with unified TCI in Rel-18, each indicated TCI state (or TCI state pair) would be used for UE-dedicated reception on all CORESETs with a same CORESETPoolIndex, and their scheduled UE-dedicated PDSCH and PUSCH. For PUCCH, each PUCCH resource could be associated with one CORESETPoolIndex. Therefore, DCI associated with one of CORESETPoolIndex values would indicate the TCI state(s) corresponding to the same CORESETPoolIndex value.

In the last meeting, cross-TRP beam indication has also been proposed for M-DCI based multi-TRP. Namely, DCI associated with one of CORESETPoolIndex values could indicate the TCI state(s) corresponding to different or both CORESETPoolIndex values. Although M-DCI based multi-TRP is mainly applied to non-ideal backhaul, it is also applicable for ideal backhaul scenario. For the latter case, cross-TRP beam indication is beneficial to increase the opportunity for TCI state update. In our opinion, cross-TRP beam indication could be further studied for M-DCI based multi-TRP in Rel-18. CORESETPoolIndex may be employed in DCI format 1_1/1_2 to indicate the TCI state(s) of the corresponding TRP.
Proposal 9: For M-DCI based multi-TRP, DCI associated with one of CORESETPoolIndex values would indicate the TCI state(s) corresponding to the same CORESETPoolIndex value.
Proposal 10: For M-DCI based multi-TRP, cross-TRP beam indication could be further studied in Rel-18.
TCI state update for reference signals

In Rel-17 unified TCI framework, reference signals (e.g. CSI-RS, SRS) could follow the indicated TCI state(s) or not depending on the configuration. If not, Rel-15/16 TCI state update signaling/configuration design(s) are reused. The same rule should be extended to Rel-18. If RS is configured to share the indicated TCI state(s), the association of the TCI state(s) to the RS has to be designed. 
Same as Rel-17, P/SP CSI-RS can never share the indicated TCI states in Rel-18, and the legacy RRC/MAC-CE signalling mechanism is always used for TCI state update. For aperiodic CSI-RS, the association could be achieved by its triggering DCI. Namely, aperiodic CSI-RS could follow the TCI state of the CORESET carrying the triggering DCI. This mechanism is also applied to aperiodic SRS. There may be the case that the triggering DCI is transmitted by SFN, where two TCI states are associated with the CORESET. Then one of the TCI states should be specified for aperiodic CSI-RS/SRS. If P/SP SRS is configured to follow the indicated TCI state(s), each SRS resource could be associated with one indicated TCI state. The association is implemented by TCI state indicators.
Proposal 11: For aperiodic CSI-RS/SRS, if configured to follow the indicated TCI state, they could follow the TCI state of the CORESET carrying the triggering DCI.
Single TRP and multi-TRP switching
[bookmark: _GoBack]In Rel-16, single TRP and multi-TRP PDSCH transmission are dynamically switched according to the number of TCI states indicated in the scheduling DCI format 1_1/1_2. Similarly, for Rel-17 PUSCH, dynamic switching is also supported according to the “SRS resource set” field in DCI format 0_1/0_2. Although common TCI states are indicated for all the channels in Rel-18, the same transmission flexibility as Rel-16/17 should be maintained for different channels. Namely, each channel (PDCCH/PDSCH/PUCCH/PUSCH) could determine its single TRP or multi-TRP transmission separately. For PDSCH/PUSCH, similar as current spec, dynamic switching is achieved by its scheduling DCI. For PDCCH, switching between single TRP and multi-TRP depends on gNB implementation. If PDCCH is transmitted on associated search spaces, multi-TRP is used. Otherwise, single TRP is used. For PUCCH, the switching could either be done using DCI or similar as that of PDCCH.
Proposal 12: For flexibility, each channel could determine its single TRP or multi-TRP transmission separately.
In Rel-15/16 S-DCI based multi-TRP, switching between single TRP and multi-TRP PDSCH transmission is determined by the number of TCI states in the scheduling DCI. Namely, when the TCI codepoint indicated in DCI format 1_1/1_2 with DL assignment is associated with a single TCI state, the scheduled PDSCH is assumed to be transmitted by single TRP. When two TCI states are indicated, the scheduled PDSCHs are to be received based on both TCI states. These indicated TCI states would be applied to the scheduled PDSCH transmission. In Rel-17, beam application time (BAT) has been defined for unified TCI. In case of DCI indication, to guarantee the robustness of beam indication, BAT is defined as the first slot that is at least Y symbols after the last symbol of the acknowledgement of the joint or separate DL/UL beam indication. Such BAT definition would impact PDSCH dynamic switching in Rel-18. Taking Figure 2 as an example, the TCI codepoint indicated in the former DCI is associated with two TCI states. These two TCI states are applied after Y symbols after the ACK/NACK. For the latter DCI, the TCI codepoint is associated with only one TCI state. It intends for single TRP transmission. The number of activated TCI states during PDSCH transmission is not be aligned with the intended single TRP/multi-TRP transmission scheduled by DCI format 1_1/1_2. In this way, switching between single TRP and multi-TRP could not be done immediately after DCI indication.  
Observation 1: Switching between single TRP and multi-TRP could not be done immediately after DCI indication due to BAT.
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[bookmark: _Ref111205729]Figure 2：Issue on single TRP and multi-TRP dynamic switching for PDSCH
To deal with the problem, we should try to decouple beam indication and DL assignment. In our opinion, a new DCI field could be introduced in DCI format 1_1/1_2 with DL assignment, which is used to indicate single TRP or multi-TRP transmission for the scheduled PDSCH. In this way, the indicated TCI state(s) only aims for beam indication, and the specified BAT mechanism in Rel-17 is reused. On the other hand, the indicated single TRP or multi-TRP transmission in this new DCI field would be applied to the schedule PDSCH immediately, which is independent of the BAT. It is possible that the applied number of TCI states and the indicated single TRP/multi-TRP are not aligned. For example, in the dot circle of Figure 2, two TCI states are applied, but DCI indicates single TRP transmission. Therefore, only one of the two TCI states is used for PDSCH transmission. The selection of TCI state could also been indicated by the new DCI field, where 2bits are used for both single TRP/multi-TRP indication and TCI state selection. Another example is only one TCI state is applied, but DCI indicates multi-TRP transmission. This could be regarded as an error case, which is not allowed to be configured by gNB. Therefore, with this scheme, gNB would flexibly switch between single TRP and multi-TRP for the scheduled PDSCH.
Proposal 13: In Rel-18, introduce new DCI field(s) in DCI format 1_1/1_2 with DL assignment to indicate switching between single TRP and multi-TRP.
Beam indication signaling
In Rel-16/17 multi-TRP, one TCI state pool is used for both S-DCI and M-DCI based multi-TRP. Considering TCI state update for S-DCI, TCI states are activated by one MAC-CE and one DCI with a single TCI field indicates the corresponding TCI state(s). For M-DCI, for each CORESETPoolIndex, one MAC-CE and one DCI with a single TCI field are used. In the last meeting, TRP-specific TCI state pool has been proposed by some companies, which is equivalent to introduce a TRP-ID. In our opinion, such TRP-ID is not necessary for S-DCI, and has already been defined by CORESETPoolIndex for M-DCI. There is no obvious benefit to support TRP-specific TCI state pool in Rel-18. In addition, to allow more degrees of freedom for mutli-TRP beam indication, for S-DCI, more than one TCI fields in the DCI has also been discussed, where each TCI field corresponds to one TRP. This scheme would increase the DCI overhead and impact the legacy MAC-CE command, since one codepoint of MAC-CE could only be related to the TCI state(s) of a single TRP. For beam indication flexibility, we prefer a more straightway to increase the number of bits in the TCI field. Consequently, Rel-16/17 beam indication mechanism for multi-TRP should be reused in Rel-18. 
Proposal 14: For S-DCI based multi-TRP, one TCI state pool, one activation MAC-CE and one DCI with one TCI field are used for beam indicaiton.
Proposal 15: For M-DCI based multi-TRP, for each CORESETPoolIndex, one TCI state pool, one activation MAC-CE and one DCI with one TCI field are used for beam indicaiton.

Simultaneous multi-panel UL transmission
Association of panel and TCI state
In Rel-17, UE-initiated UL panel activation and selection is supported for fast uplink panel selection, via UE reporting a list of UE capability values along with the pairs of SSBRI/CRI and L1 RSRP/L1 SINR in a beam reporting instant. Each UE capability value comprises the maximum supported number of SRS antenna ports, and the maximum supported numbers of SRS antenna ports of any two UE capability values are different.
For simultaneous multi-panel UL transmission in Rel-18, up to 2 TRPs and up to 2 panels is considered. When two TCI states are selected, the two TCI states may correspond to same or different panels. In terms of RF functionality, in most cases, a UE panel is not able to generate two analog beams simultaneously. Therefore indicating two beams corresponding to the same panel for simultaneous UL transmission should be avoided. That means that for the configuration of unified TCI for simultaneous UL transmission, gNB has to know the correspondence between panels and TCI states. 
Proposal 16: For simultaneous multi-panel UL transmission, how to facilitate gNB to know the correspondence between panels and TCI states should be studied.
There are various approaches to identify the correspondence between panels and TCI states. 
One approach is to use UE capability value to indicate the association between SSB resources/CSI-RS resources and panels as that for Rel-17 fast panel selection. Note that in Rel-17, two different UE capability values must correspond to two different maximum supported numbers of SRS antenna ports. That is, if a UE receives two CSI-RS resources with two panels, respectively, and the two panels correspond to same maximum supported number of SRS antenna ports, same UE capability value would be reported. Then gNB does not know whether the two CSI-RS resources correspond to same panel or different panels. The two UL panels deployed by UE may correspond to same or different maximum number of SRS antenna ports, and same or different maximum number of MIMO layers. Therefore allowing UE capability values for two panels correspond to same or different maximum number of SRS antenna ports, and same or different maximum supported number of MIMO layers should be supported. 
Proposal 17: For simultaneous multi-panel UL transmission, consider enhancing UE capability values to represent panels. The following two enhancements can be considered:
- Two different UE capability values correspond to same or different maximum supported number of SRS antenna ports are supported;
- Using UE capability value to indicate maximum supported number of MIMO layers.
Another approach is using group-based beam reporting to faciliate gNB to know which beams can be used for UL transmission simultaneously. UE can report two group of beams, with each group corresponds to a panel. Then any two SSB resources/CSI-RS resources in different beam groups can be used for UL transmission simultaneously.
Proposal 18: For simultaneous multi-panel UL transmission, group-based beam reporting is considered, with each group corresponds to a panel.
Indicating of unified TCI
For a 2-panel UE capable of simultaneous transmission with multi panels in the scenario with 2 TRPs, 4 TCI states are needed to reflect the transmission relationship of UE panels and TRPs. Since one panel is not capable of generating two beams simultaneously, including two UL TCI states in a codepoint for unified TCI indication is sufficient. Each of the two UL TCI states corresponds to a panel, and the two UL TCI states correspond to one or two TRPs. Note that the two UL TCI states can be TCI states for joint TCI or UL TCI states for separate UL TCI.
Proposal 19: For simultaneous multi-panel UL transmission, up to two UL TCI states are included in a TCI codepoint for unified TCI indication (i.e. N<= 2).
Association between TCI states and DMRS ports for PUSCH 
Simultaneous multi-panel PUSCH transmission is beneficial for throughput improvement and reliability/coverage improvement. It should be supported for both codebook based PUSCH and non-codebook based PUSCH, for PUSCH scheduled by DCI or with configured grant.
Proposal 20: Simultaneous multi-panel PUSCH transmission should be supported for codebook based PUSCH and non-codebook based PUSCH, for PUSCH scheduled by DCI or with configured grant.
For simultaneous multi-panel PUSCH transmission scheduled by S-DCI, SDM based, FDM based or SFN based transmission scheme can be considered. In Rel-16 and Rel-17, dynamic switching of single TRP and multi-TRP is supported for all DL multi-TRP transmission schemes and UL multi-TRP transmission schemes scheduled by S-DCI. It is natural to support dynamic switching of single-panel and multi-panel transmission for Rel-18 simultaneous multi-panel UL transmission scheduled by S-DCI.
Proposal 21: For simultaneous multi-panel PUSCH transmission scheduled by S-DCI, dynamic switching of single-panel and multi-panel transmission is supported.
Both Rel-17 multi-TRP PUSCH transmission schemes and Rel-18 simultaneous multi-panel PUSCH transmission schemes map the PUSCH transmission to two beams. The only difference of the two approaches is that different PUSCH repetitons are associated to different beams in Rel-17 and different PUSCH transmission layer sets (for SDM based solutions) or frequancy domain resources (for FDM based solutions) are assocaited to different beams in Rel-18. Then the indication scheme for dynamic switching of single TRP and multi-TRP for Rel-17 multi-TRP PUSCH transmission under unified TCI framwork can be used for Rel-18 multi-panel PUSCH transmission.
Proposal 22: On dynamic switching of single-panel and multi-panel transmission for Rel-18 simultaneous multi-panel PUSCH transmission under unified TCI framework, similar scheme as that for dynamic switching of single-TRP and multi-TRP for Rel-17 multi-TRP PUSCH transmission shall be used.
Simultaneous multi-panel PUSCH transmission scheduled by M-DCI also can be considered in Rel-18, with two PUSCHs scheduled by two PDCCHs associated with different CORESETPoolIndex values. The two PUSCHs can be fully/partially/non-overlapped in time and frequency domain. For such transmission scheme, one important issue is that which PUSCHs can be transmitted simultaneously. One possible solution is that PUSCHs scheduled by PDCCH resources associated with different CORESETPoolIndex can be transmitted simultaneously.
Proposal 23: For simultaneous multi-panel PUSCH transmission scheduled by M-DCI, transmitting PUSCHs scheduled by PDCCH resources associated with different CORESETPoolIndex simultaneously is considered.
For PUSCH transmission with configured grant, same TCI indicating schemes as that for Rel-17 multi-TRP PUSCH transmission with configured grant can be considered.
Proposal 24: On TCI state determination for simultaneous multi-panel PUSCH transmission with Type 1/Type 2 configured grant under unified TCI framework, same scheme as that for Rel-17 multi-TRP UL repetition with Type 1/Type 2 configured grant can be used.
Unified TCI for PUCCH
Different to PUSCH, only one layer is supported for a PUCCH resource. Therefore the enhancement on simultaneous multi-panel PUCCH transmission is mainly for reliability/coverage improvement. For simultaneous multi-panel PUCCH transmission scheduled by S-DCI, SFN scheme, FDM-A scheme and FDM-B scheme can be supported, with details of schemes are provided in our companion contribution [3].  
Proposal 25: For simultaneous multi-panel PUCCH transmission, SFN scheme, FDM-A scheme and FDM-B scheme are supported.
In Rel-17, a PUCCH resource can be associated with one or two spatialRelationInfos, and the spatialRelationInfo(s) are activated by MAC-CE. When one spatialRelationInfo is activated, the PUCCH resource corresponds to single-TRP transmission, and when two spatialRelationInfos are activated, the PUCCH resource corresponds to multiple- TRP transmission. Under unified TCI framework, similar scheme can be used by replacing spatialRelationInfo by TCI state. For Rel-18 simultaneous multi-panel UL transmission, if one PUCCH resource associated to two TCI states is supported, same beam indication scheme for PUCCH as that for Rel-17 multi-TRP PUCCH transmission can be used.
Proposal 26: If one PUCCH resource associated to two TCI states is supported for simultaneous multi-panel transmission, MAC CE is used to indicate the associated TCI state(s) of the PUCCH resource.
For a UE capable of transmitting with multi-panel simultaneously, simultaneous PUCCH transmission with two PUCCH resources can also be considered. The two PUCCHs can be fully/partially/non-overlapped in time and frequency domain. And the two PUCCH resources may be scheduled by S-DCI or M-DCI. If the two PUCCH resources are scheduled by M-DCI, the two PDCCHs carrying the scheduling DCIs can be associated with different CORESETPoolIndex values. Similar as PUSCH transmission scheduled by M-DCI, transmitting PUCCHs triggerd by PDCCH resources associated with different CORESETPoolIndex can be considered.
Proposal 27: For simultaneous multi-panel PUCCH transmission, whether a single DCI can trigger more than one PUCCH resource shall be studied .
Proposal 28: For simultaneous multi-panel PUCCH transmission scheduled by M-DCI, transmitting PUCCHs triggered by PDCCH resources associated with different CORESETPoolIndex simultaneously is considered.

Power control enhancement for Multi-TRP transmission

In RAN1 #109 e-meeting, the following agreement on power control enhancement for Multi-TRP transmission were achieved [2]: 

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 RAN1 #109 e-meeting, it was agreed that the power control parameter settings for NR Rel-17 TDM repetition 
PUSCH/PUCCH can be determined by the indicated joint or UL TCI state associated to the corresponding PUSCH/PUCCH transmission occasion. One issue to be further discussed is how to extend it to NR Rel-18 MTRP scheme(s) with STxMP, if supported. For STxMP transmission, since the transmission power of each panel might be different and the maximum transmission power for each panel is limited, panel-specific power control should be considered. Suppose UE has two panels, for once transmission, when two TCI states are indicated to UE to indicate two PUSCH transmission to the same/different TRPs, UE can determine two individual Tx PC parameter settings accordingly and use it to perform open-loop power control of each transmission. 
Proposal 29: Support enhancement of power control for UL single DCI in NR Rel-18 uplink STxMP, if supported.  
Proposal 30: For Rel-18 STxMP, two sets of individual power control parameters are determined according to the DLorjoint TCI state/UL TCI state indicated by gNB for multi-TRP transmission, use the determined power control parameter setting to perform open loop power control. 
Proposal 31: Reuse two TPC fields in Rel-17 S-DCI based MTRP PUCCH/PUSCH repetition to achieve TRP/panel-specific closed-loop power control. 
For NR Rel-18 STxMP transmission, considering each panel has its own maximum transmission power, and the total transmission power of a UE is also limited. Power control mechanisms need to be considered for these limitations. Suppose UE has two panels, the maximum transmission power for each panel is Pcmax1, Pcmax2. The maximum total transmission power of the UE is Pcmax which is configured per CC [4]. Basically, power control mechanism of the following cases should be studied: 
Case1: P1 + P2 <= Pcmax  
Case2: P1 + P2  > Pcmax 
where P1 and P2 represents the transmission power of panel 1 and panel 2 determined from equation (1) provided by [4]  respectively, with Pcmax replaced by Pcmax1 and Pcmax2 in the calculation. 
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For Case 2, how to determine actual transmission power of panel 1 and panel 2 on the basis of P1 and P2 to meet the requirement of total transmission power limitation need to be further studied. 





Figure 3: Power restriction cases in NR Rel-18 uplink simultaneous transmission

For Case1, only power control of per-panel power limitation need to be considered, whether the current framework(i.e. equation (1) to determine transmission power of PUSCH transmission) can be extended to the case of per-panel power limitation needs to be further studied. In detail, the definition of Pcmax in equation (1) is a cell- specific parameter, it is determined from SIB parameter and UE power class limitation. If per-panel power limitation is considered, Pcmax,i for panel i shall be used. Pcmax,i  can be obtained by UE capability reporting and RRC configuration.

For Case 2, power control schemes considering both per-panel power limitation and total transmission power limitation need to be considered. Suppose UE has two panels, the maximum transmission power for panel 1 and panel is Pcmax1 = 23dBm, Pcmax2 = 23dBm. The maximum total transmission power of the UE Pcmax = 20dBm. For once transmission, UE determines its real PUSCH transmission power P1 = 21dBm and P2 = 22dBm individually according to equation (1) with Pcmax replaced by Pcmax1 and Pcmax2 respectively. In addition, considering Pcmax is limited by 20dBm and P1 + P2  > Pcmax, power control mechanism, e.g. power back-off mechanism can be used to reduce the transmission power of both TRPs or one of the TRPs, detailed power back-off mechanisms can be further studied.
Proposal 32: In order to support TRP-specific UL power control in sDCI-mTRP operation. The case of Per-panel power limitation and/or total power limitation should be considered. For the case of total power limitation, some power back-off mechanisms can be further studied. For the case of per-panel power limitation, the formula in TS38.213 to determine PUSCH transmission power needs to be further refined. 
In RAN1 #109 e-meeting, another issue to be discussed is the determination of UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting for PUCCH/PUSCH M-TRP transmission. 
In RAN1 #105 e-meeting, it was agreed that for Rel-17 unified TCI framework, if UL PC parameter is not associated with the indicated TCI state, the setting of UL PC parameters(P0, alpha, closed loop index) per channel/signal per BWP is independent of the UL or joint TCI states for each of the PUSCH and PUCCH. This conclusion can be extended to uplink M-TRP transmission, where the UL PC parameter setting is not associated with one or both of the indicated joint or UL TCI state(s). In the implementation, some default UL PC parameters can be defined, e.g., P0AlphaSet with the lowest ID in Uplink-powerControl for one indicated joint or UL TCI state and P0AlphaSet with the lowest ID and the second lowest ID in Uplink-powerControl for two indicated joint or UL TCI state. 
Proposal 33: Consider the NR Rel-17 method on 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. 

Conclusions
In this contribution, we discuss extending Rel-17 Unified TCI to multi-TRP use cases in Rel-16/Rel-17 as well as multi-panel UL transmission. The power control related issues are also analyzed. We have the following observation and proposals:
Observation 1: Switching between single TRP and multi-TRP could not be done immediately after DCI indication due to BAT.

Proposal 1: Support M<=2 (the number of DL TCI states) and N<=2 (the number of UL TCI states) at least for Rel-16/17 multi-TRP cases.
Proposal 2: At current stage, unified TCI framework extension is preferred to focus on Rel-16/17 multi-TRP and Rel-18 STxMP.
Proposal 3: In Rel-18, TCI state mode (i.e. joint TCI or separate DL/UL TCI) could be configured per link for multi-TRP.
Proposal 4: To define the association, TCI state indicators referring to the indicated TCI states could be employed in Rel-18.
Proposal 5: To support multi-TRP PDCCH transmission, use RRC configuration to inform association between the indicated TCI state(s) and a CORESET (Alt1).
Proposal 6: Rel-17 unified TCI could be directly extended to support multi-TRP PDSCH by replacing Rel-15/16 TCI states/SpatialRelationInfo with Rel-17 TCI states.
Proposal 7: To support multi-TRP PUCCH transmission,  each PUCCH resource has to be associated with one or two indicated TCI states.
Proposal 8: To support Rel-17 multi-TRP PUSCH transmission, each time domain repetition is associated with an joint/UL TCI state. TCI state association is determined per DCI.
Proposal 9: For M-DCI based multi-TRP, DCI associated with one of CORESETPoolIndex values would indicate the TCI state(s) corresponding to the same CORESETPoolIndex value.
Proposal 10: For M-DCI based multi-TRP, cross-TRP beam indication could be further studied in Rel-18.
Proposal 11: For aperiodic CSI-RS/SRS, if configured to follow the indicated TCI state, they could follow the TCI state of the CORESET carrying the triggering DCI.
Proposal 12: For flexibility, each channel could determine its single TRP or multi-TRP transmission separately.
Proposal 13: In Rel-18, introduce new DCI field(s) in DCI format 1_1/1_2 with DL assignment to indicate switching between single TRP and multi-TRP.
Proposal 14: For S-DCI based multi-TRP, one TCI state pool, one activation MAC-CE and one DCI with one TCI field are used for beam indicaiton.
Proposal 15: For M-DCI based multi-TRP, for each CORESETPoolIndex, one TCI state pool, one activation MAC-CE and one DCI with one TCI field are used for beam indicaiton.
Proposal 16: For simultaneous multi-panel UL transmission, how to facilitate gNB to know the correspondence between panels and TCI states should be studied.
Proposal 17: For simultaneous multi-panel UL transmission, consider enhancing UE capability values to represent panels. The following two enhancements can be considered:
- Two different UE capability values correspond to same or different maximum supported number of SRS antenna ports are supported;
- Using UE capability value to indicate maximum supported number of MIMO layers.
Proposal 18: For simultaneous multi-panel UL transmission, group-based beam reporting is considered, with each group corresponds to a panel.
Proposal 19: For simultaneous multi-panel UL transmission, up to two UL TCI states are included in a TCI codepoint for unified TCI indication (i.e. N<= 2).
Proposal 20: Simultaneous multi-panel PUSCH transmission should be supported for codebook based PUSCH and non-codebook based PUSCH, for PUSCH scheduled by DCI or with configured grant.
Proposal 21: For simultaneous multi-panel PUSCH transmission scheduled by S-DCI, dynamic switching of single-panel and multi-panel transmission is supported.
Proposal 22: On dynamic switching of single-panel and multi-panel transmission for Rel-18 simultaneous multi-panel PUSCH transmission under unified TCI framework, similar scheme as that for dynamic switching of single-TRP and multi-TRP for Rel-17 multi-TRP PUSCH transmission shall be used.
Proposal 23: For simultaneous multi-panel PUSCH transmission scheduled by M-DCI, transmitting PUSCHs scheduled by PDCCH resources associated with different CORESETPoolIndex simultaneously is considered.
Proposal 24: On TCI state determination for simultaneous multi-panel PUSCH transmission with Type 1/Type 2 configured grant under unified TCI framework, same scheme as that for Rel-17 multi-TRP UL repetition with Type 1/Type 2 configured grant can be used.
Proposal 25: For simultaneous multi-panel PUCCH transmission, SFN scheme, FDM-A scheme and FDM-B scheme are supported.
Proposal 26: If one PUCCH resource associated to two TCI states is supported for simultaneous multi-panel transmission, MAC CE is used to indicate the associated TCI state(s) of the PUCCH resource.
Proposal 27: For simultaneous multi-panel PUCCH transmission, whether a single DCI can trigger more than one PUCCH resource shall be studied .
Proposal 28: For simultaneous multi-panel PUCCH transmission scheduled by M-DCI, transmitting PUCCHs triggered by PDCCH resources associated with different CORESETPoolIndex simultaneously is considered.
Proposal 29: Support enhancement of power control for UL single DCI in NR Rel-18 uplink STxMP, if supported.  
Proposal 30: For Rel-18 STxMP, two sets of individual power control parameters are determined according to the DLorjoint TCI state/UL TCI state indicated by gNB for multi-TRP transmission, use the determined power control parameter setting to perform open loop power control. 
Proposal 31: Reuse two TPC fields in Rel-17 S-DCI based MTRP PUCCH/PUSCH repetition to achieve TRP/panel-specific closed-loop power control. 
Proposal 32: In order to support TRP-specific UL power control in sDCI-mTRP operation. The case of Per-panel power limitation and/or total power limitation should be considered. For the case of total power limitation, some power back-off mechanisms can be further studied. For the case of per-panel power limitation, the formula in TS38.213 to determine PUSCH transmission power needs to be further refined. 
Proposal 33: Consider the NR Rel-17 method on 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. 
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