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Introduction
The WI for R18 MIMO was approved in RAN-94 e-meeting, and the detailed objectives [1] are as follows:  
· Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
· 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.
· Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS
· 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
· Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.
· 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.
· Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.
While in this contribution, we will focus on the unified TCI framework extension for M-TRP, which including the object 2, the second bullet of objective 6 and the first bullet of objective 7. 
Indication of multiple DL/UL TCI states
Unified TCI state indication in S-DCI case
For TCI state indication for S-DCI based M-TRP, the agreement in RAN1-110bis e-meeting [4].
Agreement
On unified TCI framework extension for S-DCI based MTRP , down-select one alternative from the followings in RAN1#111:
· Alt1: In one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL /UL TCI state(s) for one of the two TRPs or both TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· Alt2: In one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL /UL TCI state(s) only specific to one of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· Note: According to the agreement in RAN1#109-e, support of one additional TCI field or a field associating the TCI field to the TRP(s) is not precluded
Note: It has been agreed to use the existing TCI field for TCI state indication for S-DCI based MTRP in RAN1#109e
Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS
FFS: The behavior if the UE receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP
In Rel-16, the TCI state for S-DCI based M-TRP PDSCH is indicated by one TCI field and the mapping between codepoint and one or two TCI states are activated by MAC CE. So in Rel-18 unified TCI framework extension for S-DCI based M-TRP, it is straightforward to support one TCI field to indicate TCI states for one or two TRPs. In the case of joint TCI state, it is same as Rel-16, since at most one TCI state for one TRP will be mapped to the codepoint in TCI field. While in the case of separate TCI state, for one TRP, up to 2 TCI states will be mapped to the codepint in TCI field. We don’t see any problem on using existing TCI field in DCI format 1_1/1_2, i.e., 3 bits TCI field with up to 8 combinations. And the mapping between the codepoint and the activated TCI states can be updated by MAC CE. So we support Alt 1.    
Proposal 2-1: On unified TCI framework extension for S-DCI based MTRP, support Alt 1, 
i.e., In one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL /UL TCI state(s) for one of the two TRPs or both TRPs in a CC/BWP or a set of CCs/BWPs in a CC list.
TCI state mapping/association for PDCCH in S-DCI case
For PDCCH reception, the agreement in RAN1-110bis e-meeting [4].
Agreement
On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN, support the following:
· Use RRC configuration to inform that the UE shall apply the first one, the second one, both, or none of the joint/DL TCI states indicated by DCI/MAC-CE to a CORESET or a group of CORESETs (if CORESET group configuration is supported)
For PDCCH-SFN, it is possible that a CORESET will be configured to apply two indicated joint/DL TCI states. For PDCCH reception of such CORESET, two TCI states will be applied when the number of indicated joint/DL TCI states is 2. But if the number of indicated joint/DL TCI states is 1, it is necessary to define the UE behavior on the PDCCH reception of such CORESET.
There are some alternatives on UE behavior when the number of indicated joint/DL TCI states is 1: 
· Alt 1: UE stops monitoring the PDCCH candidates of CORESET configured to apply two indicated joint/DL TCI states.
· Alt 2: UE monitors the PDCCH candidates of CORESET to apply two indicated joint/DL TCI states by the one indicated joint/DL TCI state.
Proposal 2-2: For PDCCH reception with PDCCH SFN, suggest to down-select one from the following two alternatives on the behavior if the UE receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP.
· Alt 1: UE stops monitoring the PDCCH candidates of CORESET configured to apply two indicated joint/DL TCI states.
· Alt 2: UE monitors the PDCCH candidates of CORESET configured to apply two indicated joint/DL TCI states by the one indicated joint/DL TCI state.
For PDCCH-repetition, two linked search space set will be configured to transmit same DCI information. While for the corresponding CORESET of each search space, one indicated joint/DL TCI states will be configured to apply. When the number of indicated joint/DL TCI states is 2, the PDCCH reception for PDCCH-repetition will be based on two indicated joint/DL TCI states, i.e., each PDCCH candidate will be monitored based on the corresponding TCI state. And in Rel-17, it was agreed that individual PDCCH candidate is not allowed in two linked search space set.  So when the number of indicated joint/DL TCI states is 1, it is much more likely to stop monitoring the PDCCH candidates of two linked search space set.
Proposal 2-3: For PDCCH reception with PDCCH repetition, support UE to stop monitoring the PDCCH candidates of two linked search space set if the UE receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP.
TCI state mapping/association for PDSCH in S-DCI case
For PDSCH reception, following are some possible solutions discussed in RAN1-110b e-meeting. As for Alt 1 in proposal 3A, Alt 2 can’t support dynamic switching between S-TRP and M-TRP PDSCH. Thus we support Alt 1. As for the FFSs, we provide our preference below:
· 1st FFS, it should be Informed by an indicator field other than the existing TCI field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 1_1/1_2.
· 2nd FFS, Applying to all PDSCH receptions after the DCI format 1_1/1_2.
· 3rd FFS，application time can be similar as timeDurationForQCL for applying the indicated joint/DL TCI state(s) informed by the DCI format 1_1/1_2.
· 4th FFS: both DCI format 1_1/1_2 with and without DL assignment can inform the TCI association
And we agree that default behavior is also needed during the time gap between after receiving the first MAC CE/DCI for the indicated TCI states and before the application time of the first DCI for informing the TCI association. But from our point of view, fixed rule is sufficient to define the default behavior, e.g., the first indicated TCI state will be the default TCI state.  As long as receiving the first DCI for informing the TCI association, default TCI state will be unnecessary since the TCI association will be valid before the next DCI for informing an updated TCI association. Of course, if there is no TCI association filed in DCI format 1_1/1_2, the default TCI state will be applied.
Proposal 3.A: On unified TCI framework extension for S-DCI based MTRP, down-select one or combine following alternatives for PDSCH reception (make decision in RAN1#111):
· Alt1: Use a DCI format 1_1/1_2 to inform which joint/DL TCI state(s) indicated by MAC-CE/DCI that the UE shall apply to PDSCH reception
· FFS: Informed by the existing TCI field or an indicator field other than the existing TCI field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 1_1/1_2
· FFS: Applying to the PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2 or all PDSCH receptions after the DCI format 1_1/1_2
· FFS: Application time for applying the indicated joint/DL TCI state(s) informed by the DCI format 1_1/1_2 
· FFS: Only DCI format 1_1/1_2 with DL assignment can inform the TCI association, or both DCI format 1_1/1_2 with and without DL assignment can inform the TCI association
· Alt2: Use RRC configuration to inform which joint/DL TCI state(s) indicated by MAC-CE/DCI that the UE shall apply to PDSCH reception
· FFS: The RRC configuration is provided to a PDSCH-Config or a CORESET/CORESET group

[bookmark: _Hlk117063036]Proposal 3.A.1: On unified TCI framework extension for S-DCI based MTRP, the followings are supported for PDSCH reception:
· The indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception by default is determined based on either RRC configuration or a fixed rule
· FFS: Determined based on RRC configuration or a fixed rule
· A DCI field in a DCI format 1_1/1_2 is used to indicate which of the indicated joint/DL TCI state(s) the UE shall apply for PDSCH reception 
· The presence of the DCI field is configurable by RRC
· If the DCI field is not present, the UE applies the default indicated joint/DL TCI state(s) determined by above RRC configuration or the fixed rule to PDSCH reception
· FFS: Whether/how to define the application time for applying the indicated joint/DL TCI state(s) informed by the DCI format 1_1/1_2
· FFS: Before the application time (if defined), the UE applies the default indicated joint/DL TCI state(s) determined by above RRC configuration or the fixed rule to PDSCH reception
· FFS: The DCI field is a new DCI field or an existing DCI field
FFS: Only DCI format 1_1/1_2 with DL assignment can inform the TCI association, or both DCI format 1_1/1_2 with and without DL assignment can inform the TCI association
Proposal 2-4: Support to use an indicator field other than the existing TCI field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 1_1/1_2 with and without DL assignment to inform which indicated joint/DL TCI state(s) the UE shall apply to all PDSCH receptions.
Proposal 2-5: Support to define a default TCI state by a fixed rule, and the default TCI state can be applied to the PDSCH reception:
· When the TCI association filed is not present in DCI format 1_1/1_2 (if the presence of the TCI association is configurable by RRC)
· After receiving the first MAC CE/DCI for the indicated TCI states and before the application time of the first DCI for informing the TCI association.
In addition, if UE receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP, there will be taken as an error case if gNB inform the association of two indicated TCI states to PDSCH reception.  
Proposal 2-6: UE is not expected to receive a DCI for the TCI association to associate PDSCH with two TCI states if it receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP.
TCI state mapping/association for PUCCH in S-DCI case
For Rel-17 S-DCI based M-TRP PUCCH repetition scheme, dynamic switching between S-TRP and M-TRP is supported based on MAC CE to activate one or two spatial-relation-info. Thus it is straightforward to use MAC CE to inform the UE which indicated joint/UL TCI state(s) should apply to PUCCH resource configured with TDM scheme. While for S-TRP PUCCH, it can reuse the MAC CE for PUCCH TDM scheme based on MAC CE to inform which indicated joint/UL TCI state(s) should apply to each PUCCH resource, or use RRC signaling to inform the mapping/association between a configured or indicated joint/UL TCI state and PUCCH resource/group and a PUCCH resource group ID should be configured to each PUCCH resource for TCI state mapping/association. 
According to the agreement in RAN1-110b e-meeting, three alternatives are listed. Based on our analysis above, Alt 3 is preferred for PUCCH repetition and Alt 1 or Alt 3 is preferred for S-TRP PUCCH.
Agreement
On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111 for PUCCH transmission:
· Alt1: Use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group
· Alt2: Use RRC configuration to inform the association between a CORESET group and a PUCCH resource/group, and the indicated joint/UL TCI state(s) associated with the CORESET group applies to the PUCCH resource/group associated with the same CORESET group
· Alt3: Use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group
· Note: the association indicates whether the UE shall apply the first one, the second one, or both of the joint/UL TCI states indicated by DCI/MAC-CE to a PUCCH resource/group
Proposal 2-7: On unified TCI framework extension for S-DCI based MTRP, to inform the association with joint/UL TCI state(s) indicated by DCI/MAC-CE for PUCCH transmission:
· For M-TRP PUCCH repetition, support Alt 3, i.e., use MAC CE to map/associate one or two indicated joint/UL TCI state to a PUCCH resource/PUCCH resource group.
· For S-TRP PUCCH, support Alt 1 or Alt 3, i.e., use MAC CE or RRC configuration to map/associate one or two indicated joint/UL TCI state to a PUCCH resource/PUCCH resource group. 
As for the default TCI state for PUCCH, a fixed rule can also be used to define a default TCI state, e.g., the first indicated TCI state. And the default TCI state can be used when after receiving the first MAC CE/DCI for the indicated TCI states and before the application time of the first MAC CE for informing the TCI association.
Proposal 2-8: Support to define a default TCI state by a fixed rule, and the default TCI state can be applied to the PUCCH transmission after receiving the first MAC CE/DCI for the indicated TCI states and before the application time of the first MAC CE for informing the TCI association.
In addition, if UE receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP, for PUCCH repetition, it is much likely to transmit the PUCCH with the one indicated TCI state.  
Proposal 2-9: Support to transmit PUCCH associated with two TCI states by the one indicated TCI state if it receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP.


TCI state mapping/association for PUSCH in S-DCI case
For Rel-17 DG M-TRP PUSCH repetition scheme, dynamic switching between S-TRP and M-TRP is supported based on SRS resource set indicator in DCI format 0_1/0_2. While for M-TRP unified TCI framework, SRS resource set indicator in DCI can be reused to inform the UE which indicated joint/UL TCI state(s) should apply to PUSCH by the scheduling DCI.    
According to the agreement in RAN1-110b e-meeting, two alternatives are listed for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2. With Alt 2, the spatial domain transmission filter(s) used for the SRS resource(s) can be different from indicated TCI states, which is not aligned with the motivation of unified TCI state. So Alt 1 is preferred.
Agreement
On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111 for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2:
· Alt1: Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
· Alt2: PUSCH transmission scheduled/activated by the DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2
· FFS : PL-RS(s), and UL PC parameter setting(s) (including P0, alpha, and closed loop index) for the PUSCH
Proposal 2-10: On unified TCI framework extension for S-DCI based MTRP, for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, Support Alt 1,
· i.e., Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
As for the default TCI state for PUCSH scheduled/activated by a DCI format 0_1/0_2, a fixed rule can also be used to define a default TCI state, e.g., the first indicated TCI state. And the default TCI state can be used when after receiving the first MAC CE/DCI for the indicated TCI states and before the application time of the first DCI for informing the TCI association.
Proposal 2-11: Support to define a default TCI state by a fixed rule, and the default TCI state can be applied to the PUSCH transmission scheduled/activated by DCI format 0_1/0_2 after receiving the first MAC CE/DCI for the indicated TCI states and before the application time of the first DCI for informing the TCI association.
In addition, if UE receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP, there will be taken as an error case if gNB inform the association of two indicated TCI states to PUSCH transmission scheduled/activated by DCI format 0_1/0_2.  
Proposal 2-12: UE is not expected to receive a DCI for the TCI association to associate PUSCH with two TCI states if it receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP.
For Type 1 CG M-TRP PUSCH repetition scheme, for retransmission, similar mechanism for DG PUSCH repetition scheme can be used. Otherwise, RRC configuration is preferred to inform the mapping/association between a configured or indicated joint/UL TCI state and SRS resource set. In addition, the SRS resource set is determined by the number of field for ‘pathlossReferenceIndex’, 'srs-ResourceIndicator', 'precodingAndNumberOfLayers', 'p0-PUSCH-Alpha' and 'powerControlLoopToUse'. If only one field for above indicator, the first indicated joint/UL TCI state will be applied. Else, both two indicated joint/UL TCI state will be applied.
Proposal 2-13: On unified TCI framework extension for S-DCI based MTRP, for Type 1 CG PUSCH repetition, support to use RRC configuration or default rule to inform the mapping/association. 
In addition, if UE receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP, for PUSCH repetition of CG type 1 PUSCH, it is much likely to transmit the PUSCH with the one indicated TCI state.  
Proposal 2-14: Support to transmit CG type 1 PUSCH associated with two TCI states by the one indicated TCI state if it receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP.
For PUSCH transmission scheduled/activated by a DCI format 0_0, there are some alternatives to inform the mapping/association between indicated joint/UL TCI state(s) and PUSCH transmission scheduled/activated by the DCI format 0_0.
· Alt 1: The TCI state of PUSCH transmission scheduled/activated by the DCI format 0_0 is same as that of the CORESET with the scheduling PDCCH.
· Alt 2: Based on default rule that use the first TCI state of the indicated joint/UL TCI state(s).
· Alt 3: Use MAC CE to inform the mapping/association between indicated joint/UL TCI state(s) and PUSCH transmission scheduled/activated by the DCI format 0_0.
· Alt 4: Based on the mapping/association informed by the latest DCI format 0_1/0_2. 
Proposal 2-15: On unified TCI framework extension for S-DCI based MTRP, for PUSCH transmission scheduled/activated by a DCI format 0_0, down-selection one alternative from the followings 
· Alt 1: The TCI state of PUSCH transmission scheduled/activated by the DCI format 0_0 is same as that of the CORESET with the scheduling PDCCH.
· Alt 2: Based on default rule, e.g., use the first TCI state of the indicated joint/UL TCI state(s).
· Alt 3: Use MAC CE to inform the mapping/association between indicated joint/UL TCI state(s) and PUSCH transmission scheduled/activated by the DCI format 0_0.
· Alt 4: Based on the mapping/association informed by the latest DCI format 0_1/0_2. 
Application time for TCI state mapping/association information
For activated TCI state by MAC CE, the application time is the first slot that is after slot , where  is the slot for a PUCCH with HARQ-ACK information corresponding to the activation command. For TCI state of PDSCH in Rel-15/16, the application time is timeDurationForQCL after the scheduling DCI. For indicated joint/DL/UL TCI state in Rel-17, the application time is  after the last symbol of a PUCCH or PUSCH with HARQ-ACK information to the DCI carrying the TCI State indication and without DL assignment, or corresponding to the PDSCH scheduled by the DCI carrying the TCI State indication. 
Based on the above analysis, it is possible to use MAC CE or DCI to inform the mapping/association between an indicated joint/DL/UL TCI state and each channel or to inform which indicated joint/DL/UL TCI state should apply to each channel. Thus it is also necessary to define the application time for the TCI state mapping/association information. If it is in the same MAC CE or DCI with the indicated joint/DL/UL TCI state, the application time can be same as the indicated joint/DL/UL TCI state. Else, independent application time should be defined. For PDCCH/PUCCH, we prefer to use MAC CE to inform the TCI state mapping/association information, the application time can be 3ms after the HARQ-ACK corresponding to the MAC CE. For PDSCH/PUSCH, we prefer to use DCI to inform the TCI state mapping/association information. The application time can be timeDurationForQCL after the scheduling DCI.
Proposal 2-16: The application time for TCI state mapping/association information based on MAC CE or DCI should be defined.
Unified TCI state indication in M-DCI case
In RAN1-110b e-meeting [4], the agreement for M-DCI based MTRP can be seen as below.
Agreement
On unified TCI framework extension for M-DCI based MTRP:
· The UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDCCH on a CORESET that is associated with the same coresetPoolIndex value
· The UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDSCH scheduled/activated by PDCCH on a CORESET that is associated with the same coresetPoolIndex value
· FFS: Other channel(s)/signal(s) that has explicit or implicit association with a coresetPoolIndex value
· FFS: Other channel(s)/signal(s) that doesn’t have association with a coresetPoolIndex value
Above are applicable to the CORESET(s) that is configured/allowed to follow the indicated joint/DL TCI state
FFS: The configuration/rule to configure/allow CORESET(s) to follow the indicated joint/DL TCI state, including the option to reuse the same configuration/rule as in Rel-17 unified TCI framework
As same as PDSCH, for DCI triggered/activated PUSCH, the UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PUSCH scheduled/activated by PDCCH on a CORESET that is associated with the same coresetPoolIndex value.
Proposal 2-17: For M-DCI M-TRP scenario, for PUSCH triggered/activated by DCI, the unified TCI state of the corresponding scheduling CORESET will be applied.
While for CG type I PUSCH, since there is no association between the PUSCH and the CORESETPooIndex, UE will not know which indicated TCI state will be applied. Thus it is straightforward to configure a CORESETPoolIndex to Type I CG PUSCH.
Proposal 2-18: For M-DCI M-TRP scenario, support to configure a CORESETPoolIndex for Type I CG PUSCH.
While for PUCCH, if it is scheduled by DCI, it also can apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PUCCH scheduled by PDCCH on a CORESET that is associated with the same coresetPoolIndex value. But for other PUCCH resource, it is necessary to configure a  CORESETPoolIndex for TCI state association. 
Proposal 2-19: For M-DCI M-TRP scenario, for PUCCH resource scheduled by DCI, the unified TCI state of the corresponding scheduling CORESET will be applied. For other PUCCH resource, support to configure a CORESETPoolIndex to PUCCH resource.
Unified TCI state indication for CJT
According to the agreement in RAN1-110b e-meeting, up to 2 joint TCI states can be applied to CJT-based PDSCH reception.
Agreement
On unified TCI framework extension, up to 2 joint TCI states can be indicated by MAC-CE/DCI and applied to CJT-based PDSCH reception (PDSCH-CJT) in a BWP/CC configured with joint DL/UL TCI mode
· Support of 1 or 2 indicated joint TCI states for PDSCH-CJT is up to UE capability
· FFS: QCL type(s)/assumption(s) of the indicated joint TCI state(s) applied to PDSCH-CJT 
Note: On how to inform UE to apply which indicated joint TCI state(s) to target channel(s)/signal(s) in the BWP/CC, it is discussed individually in AI 9.1.1.1
If one joint TCI state is supported, the parameters in QCL Type A including {average delay, delay spread, Doppler shift, Doppler spread} should be all applied. While if two joint TCI states are supported, for the 2nd Joint TCI state, which parameters should be applied? 
As for the QCL type, we think the QCL parameters for SFN-PDSCH can be reused. That means {average delay, delay spread, Doppler shift, Doppler spread} can be considered. If there are more than 2 sets of {Doppler shift, Doppler spread} for N coordinated TRP, gNB side pre-compensation of SFN-PDSCH can be reused. 
In addition, whether {average delay, delay spread} can also be pre-compensated by gNB should also be considered. If {average delay, delay spread} can be pre-compensated by gNB, one TCI state with QCL Type A and the other TCI state with QCL Type B can be supported.
Proposal 2-20: For CJT based PDSCH reception, consider following QCL assumption with 2 TCI states:
· Reuse PDSCH-SFN scheme 2, i.e., ignore { Doppler shift, Doppler spread} in the second TCI state
· One TCI state with QCL Type A and the other TCI state with QCL Type B
While for how to inform UE to apply which indicated joint TCI state(s) to target channel(s)/signal(s), from our point of view, there is no difference for PDCCH and PDSCH. But for PUCCH/PUSCH, there will be some difference that the Joint TCI state may not be applied for PUCCH/PUSCH if it doesn’t include the UL power control related parameters and the pathloss reference signal.
Enhancement on BFR
The following agreements were archived in RAN1-110b e-meeting on TRP-specific BFR:
Agreement
On unified TCI framework extension, study the following enhancements for TRP-specific BFR:
· Implicit BFD-RS determination based on the indicated joint/DL TCI states for S-DCI based MTRP
· Enhancement to beam update after NW response to TRP-specific BFR request
In Rel-17, the TRP specific BFR was considered. But the implicit BFD-RS set determination for M-DCI based MTRP was agreed. Since for S-DCI based MTRP, there is no CORESETPoolIndex, UE doesn’t know which CORESETs belong to a same TRP. Thus in Rel-18, if implicit BFD-RS set determination for S-DCI based MTRP will be supported, it is necessary to configure a CORESET group for each CORESET of S-DCI based MTRP or to determine the implicit BFD-RS set determination for S-DCI based MTRP based on the association between CORESET and indicated joint/DL TCI state.
While for the enhancement to beam update after NW response, only the beam update for PDCCH of M-DCI based MTRP is supported in Rel-17. Even for the beam update for PDCCH of S-DCI based MTRP, there is no conclusion for TRP specific BFR. If enhancement for S-DCI based MTRP will be supported, it is also necessary to support the association between CORESET and BFD-RS set.
Simultaneous multi-panel UL transmission 
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [1], which includes the following objective mainly targeting UL enhancements:
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 Rel-16 mTRP enhancements, the focus was mostly on PDSCH reliability enhancements, while in Rel-17 the enhancements for PDCCH, PUCCH, and PUSCH was taken to ensure that both data and control for both downlink and uplink are reliable as  the overall reliability of the system. For the uplink mTRP enhancements alone, in Rel-17 the transmission schemes for PUSCH and PUCCH are TDM based solutions considering the UE capabilities in FR2. PUSCH or PUCCH is transmitted on multiple repetitions in time-domain hence making these schemes suitable for UEs that can transmit on a single panel at a time. In Rel-18, the uplink mTRP enhancements mainly consider the simultaneous transmissions with multiple UE panels in FR2. In the multi-panel transmission case, a UE has the capability to simultaneously transmit over multiple panels. Compared to single panel transmission case, the main benefit is the reduced latency and higher throughput. And simultaneous UL transmission specified in R18 would include PUSCH/PUCCH for single DCI based operation and PUSCH+PUSCH and PUCCH+PUCCH for multi-DCI based operation.
The following agreement was made to consider involve STxMP into the extension of unified TCI framework in RAN1#109 [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

In NR Rel-15/16, the spatial transmission properties for PUSCH are associated with the SRS(s) configured in a SRS resource set with usage of ‘Codebook’ or ‘non-Codebook’.  In NR Rel-17 feMIMO WI, a joint TCI state for both UL and DL or a TCI state for UL was introduced. So in Rel-18, the PUSCH multi-TRP enhancements can be extended to cover the unified TCI state framework as the Rel-17 design of unified TCI state framework for multi-TRP is stable.
Similar to downlink, uplink communication can also benefit from multi-TRP deployment for improving reliability and robustness. Up to Rel-16 NR, the following schemes are supported for multi-TRP operation in downlink: SDM, FDM, and TDM. The SDM, FDM, and TDM schemes are all feasible for uplink. A TDM-based solution requires low UE capabilities by paying extra latency and power, repetition in time domain is well performed since for the uplink power is limited which has already been specified in Rel-17. SDM and FDM schemes are considered to be able to achieve a lower latency and higher spectral efficiency. While comparing with SDM, FDM has the benefits that there’s no inter-layer interference and power boosting may be utilized, while SDM normally achieves a larger spectral efficiency. On the other hand, SDM/FDM schemes require power split and may be harmful for coverage, so power control issues need to be further studied. Based on the above discussion, we propose to focus on SDM/FDM-based schemes for uplink in R18. 
In RAN1#110 meeting, the following WA was approved [3].
Working assumption
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
· In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.
· FFS: FDM-A scheme
· FFS: FDM-B scheme
· FFS: SFN-based transmission scheme
For schemes other than SDM, final decision to support or not will be made in RAN1#110bis-e.

In last RAN1 meeting, the following agreement was approved [4].
Agreement
Support SFN-based transmission scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18

If PUSCH/PUCCH is transmitted in SDM/SFN scheme, multiple beams are needed to transmit to different TRPs simultaneously and each beam is associated with one TRP of the two TRPs. However, the PL RS associated with each beam is also different for each TRP. Therefore, the power of both transmissions from different panels would have to be different in the same OFDM symbols within a slot. 
Proposal 3-1: For STxMP, support the extension of unified TCI to the transmission schemes for both single DCI based and multi-DCI based PUSCH/PUCCH.
Several issues according to the beam indication for the simultaneous transmission of multi-panel/multi-TRP based on the unified TCI framework can be discussed.
For STxMP based PUSCH/PUCCH transmissions, 2 beams need to be indicated (via DCI or MAC-CE) for the transmissions towards different TRPs from different UE panels. TCIs or SRIs can be used for the detailed indication for the 2 beams. For the purpose of scheduling, the first problem need to be solved is how to identify two UL beams to support the simultaneous UL transmission. The association between the indicated TCI(s)/SRI(s) and specific TRP(s)/panel(s) should take the UE capability value set index into consideration. To support this simultaneous multi-panel transmission, UE has to let gNB aware whether the selected two beams from UE beam reporting can be simultaneously transmitted or not, and whether they can be transmitted from different panels. 
In R17, the beam reporting process is enhanced with the index of UE capability value set to indicate the maximum supported number of SRS ports related to each pair of CRI/SSBRI and L1-RSRP/L1-SINR.But the gNB cannot select two UE panels with same UE capability value set for simultaneous UL transmission, and also the gNB cannot separate the case of the beam reporting for the DL-only panel case.
To determine the simultaneous uplink transmission beams, the methods based on current CSI measurement and reporting mechanism can be further enhanced. 
The first approach is based on group-based beam reporting with the following options, 
· Option 1: UE can report the beam pair with an additional ID (2bits) to provide information about the supported UL/DL transmission types. Three different corresponding UL/DL transmission types are:
· Type 1: DL-only simultaneous transmission
· Type 2: DL simultaneous transmission and UL non-simultaneous transmission 
· Type 3: DL&UL simultaneous transmission
And an example of codepoints of the beam group index mapping to the supported UL/DL transmission types. 2bits are needed for one reported beam pair. If DL-only case is precluded, then 1bit indication is enough for each beam pair.
Table 1. Codepoint mapping of option.1
	Codepoints indicating the transmition type of the Beam pair 
	UL/DL transmission types supported

	00
	DL-only simultaneous transmission

	01
	DL simultaneous transmission and UL non-simultaneous transmission

	10
	DL simultaneous transmission and UL simultaneous transmission including STxMP

	11
	Reserved



· Option 2: UE can report the Rx beam group index for each reported beam, each Rx beam related to the measured simultaneously received DL beam. Two grouping methods can be considered:
· Alt.1: UE can receive the DL beams simultaneously only within the same Rx beam group. The same Rx/Tx beam group includes beams only across different panels. The report of same group indices within a reported beam pair means support of Type 3 above. The report of different group indices of each beam of the beam pair means support of the Type 2 above.  If DL-only panel is within the group, no group index would be reported for the corresponding beam.
                           Table 2. The illustration of beam grouping Alt.1
	Reported Beam indices
	beam#1
	beam#2
	beam#3
	beam#4

	Beam pair #
	 Beam pair#1
	Beam pair#2

	Corresponding physical panel ID
	#1
	#2
	#1
	#4

	UL/DL
	UL/DL
	UL/DL
	UL/DL
	DL

	Beam group ID
	#1
	#1
	#2
	#2

	Reported beam group ID
	#1
	#1
	#2
	none

	Supported transmission type
	DL/UL transmission including STxMP
	DL-only simultaneous transmission



· Alt.2: UE can receive the DL beams simultaneously only within different Rx beam groups. The different Rx/Tx beam group include beams only across different panels. The report of different group indices within a reported beam pair means support of Type 3 above. The report of same group indices of each beam of the beam pair means support of the Type 2 above.  If DL-only panel is within the group, no group index would be reported for the corresponding beam.
Table 3. The illustration of beam grouping Alt.2
	Reported Beam indices
	beam#1
	beam#2
	beam#3
	beam#4

	Beam pair #
	 Beam pair#1
	Beam pair#2

	Corresponding physical panel ID
	#1
	#2
	#1
	#4

	UL/DL
	UL/DL
	UL/DL
	UL/DL
	DL

	Beam group ID
	#1
	#2
	#1
	#3

	Reported beam group ID
	#1
	#2
	#1
	none

	Supported transmission type
	DL/UL transmission including STxMP
	DL-only simultaneous transmission


For both Alt.1 and Alt.2, per beam reporting can provide more information about the beams. For example, the beam pair that cannot support STxMP transmission but only DL simultaneous transmission, may also provide information for the gNB to schedule a STRP uplink transmission as shown in Table.3.
We prefer Alt.1 which exposes less of UE panel implementation.
· Option 3: UE can further extend the UE capability value set index with additional ID when reporting the beams with same UE capability value set index.  UE report the additional beam ID based on the reordering of the actual physical panel ID along with the report of each UE capability value set index reporting.  With the reordering of all panels needed for the indication for all reported beams, less exposure of the physical panel implementation would be needed.
       Table 4. The illustration of beam grouping Option 3
	Reported Beam indices 
	beam#1
	beam#2
	beam#3
	beam#4

	Beam pair #
	 Beam pair#1
	Beam pair#2

	Corresponding physical panel ID
	#2
	#3
	#3
	#3

	UL/DL
	UL/DL
	UL/DL
	UL/DL
	UL/DL

	UE capability value set ID
	#2
	#2
	#2
	#2

	Additional Reported beam  ID
	#1
	#2
	#2
	#2

	Supported transmission type
	DL/UL transmission including STxMP
	DL simultaneous transmission and UL non-simultaneous transmission


Another approach is to enhance the beam reporting mechanism. Currently, either group based beam reporting or non-group based beam reporting is supported for the CSI measurement and reporting of beam management.  For the simultaneous uplink transmission, a new configuration of the beam reporting like groupBasedUplinkBeamReporting targeting STxMP can be considered for the report of beams/beam pair(s) for the STxMP transmissions.  UE would guarantee all the supported beams/beam pair(s) can support the STxMP scheduling, the beams/beam pair(s) reported can be differentiated at least for whether to support the STxMP or the TDM transmission mode for the MTRP operation.
Proposal 3-2：To determine the simultaneous uplink transmission beams, the enhancement is based on group-based beam reporting with the following options,
· Option 1: UE can report the beam pair with an additional ID (2bits) to provide information about the supported UL/DL transmission types;
· Option.2: UE can report the Rx beam group index for each reported beam, each Rx beam related to the measured simultaneously received DL beam.
· Option 3: UE can further extend the UE capability value set index with additional ID when reporting the beams with same UE capability value set index.

Proposal 3-3: To determine the simultaneous uplink transmission beams, introducing a new beam reporting configuration “groupBasedUplinkBeamReporting” targeting STxMP for the report of beams/beam pair(s) for the STxMP transmissions also can be considered.
For the current group-based beam reporting, only 2 beams (N=2) or one beam pair can be configured to be reported. From the analysis above, we can see that some beam pair selected cannot even be used for STxMP. Even though one pair of beams is supportive of STxMP, it may not be appropriate for the scheduling of uplink transmission because of the interference situation estimated at the gNB. So more beam pairs should be allowed to be configured for the selection to provide more flexibility for the gNB scheduler and make the schedule of STxMP much more feasible. 
Proposal 3-4: Considering the flexibility for the gNB scheduling and the feasibility of the support of STxMP,  support to report in a single reporting instance of more than two (N>=2) different beams/beam pairs that UE can receive/transmit simultaneously.

For the enhanced beam reporting, it can be applied to all types of CSI reporting types, i.e. P-CSI/SP-CSI/AP-CSI. 
Proposal 3-5: For the enhanced CSI measurement and reporting targeting STxMP, the enhancement can be applied to all CSI types, i.e. P-CSI/SP-CSI/AP-CSI.

For the simultaneous uplink transmission, there can be different combinations of simultaneous transmission such as PUSCH/PUSCH or PUCCH/PUCCH that can be considered for reliability enhancements. A tight coordination with potentially CSI exchange between the TRPs for the co-scheduling is needed to reduce interference between the simultaneous transmissions for SDM solutions. In these operations, uplink beams needs to be carefully selected to mitigate interference towards the other TRP. 
Proposal 3-6: Beam selection enhancement needs to be further considered for the coordination between panels/TRPs to mitigate the interference for the SDM schemes. 

For the simultaneous uplink transmission, different TCIs/SRIs are associated with different transmission parameters for each transmission schemes defined in AI 9.1.4.1. The detailed discussion should be based on the agreed simultaneous transmission schemes and it is needed to specify the beam mapping for both SDM and SFN schemes. 
Proposal 3-7: For SDM scheme, one TB is partitioned to be transmitted on different sets of transmission layer(s)/DMRS port(s) corresponding to different TRP/panel/TCI/SRI. 
Proposal 3-8: For SFN scheme, same TB associated with different TCIs/SRIs is assumed to be transmitted on same set of transmission layer(s)/DMRS port(s), each corresponding to a specific TRP or a specific panel.

Power control for UL single DCI
[bookmark: OLE_LINK8]Power control for single DCI mTRP UL transmission
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The PC parameters for UL transmission includes P0, alpha, closed loop index and PL-RS. In Rel17 unified TCI framework, the PC parameter PL-RS is always included in joint/UL TCI state while the PC parameters {P0, alpha, closed loop index} can be associated with joint/UL TCI state or configured independently, which means without association with joint/UL TCI state.
Observed from TS 38.331, there is a parameter, ul-powerControl-r17, in UL BWP configuration and it is configured with Uplink-powerControl-r17 which includes power control parameters { P0, alpha, closed loop index } as shown in table 1. ul-powerControl-r17 in UL BWP configuration is optional, and it only will be configured when no TCI state is associated with Uplink-powerControl-r17. Usually, when UE is indicated with R17 TCI state, the power control parameters in Uplink-powerControl-r17 associated with the TCI state will be used to decide the UL transmission power. While, when no TCI state is associated with Uplink-powerControl-r17, the power control parameter corresponding to ul-powerControl-r17 will be used.
	Tab.1 UL power control parameter Uplink-powerControl-r17 in UL BWP configuration
	BWP-UplinkDedicated ::=             SEQUENCE {
    …
    ul-powerControl-r17   Uplink-powerControlId-r17             OPTIONAL,  -- Cond NoTCI-PC
    …
]]
}

Uplink-powerControl-r17  ::= SEQUENCE {
    ul-powercontrolId-r17        Uplink-powerControlId-r17,
    p0AlphaSetforPUSCH-r17       P0AlphaSet-r17                         OPTIONAL, -- Need R
    p0AlphaSetforPUCCH-r17       P0AlphaSet-r17                         OPTIONAL, -- Need R
    p0AlphaSetforSRS-r17         P0AlphaSet-r17                         OPTIONAL  -- Need R
}

P0AlphaSet-r17 ::=           SEQUENCE {
    p0-r17                       INTEGER (-16..15)                      OPTIONAL, -- Need R
    alpha-r17                    Alpha                                  OPTIONAL, -- Need R
    closedLoopIndex-r17          ENUMERATED { i0, i1 }
}

Uplink-powerControlId-r17 ::= INTEGER(1.. maxUL-TCI-r17)



However, based on Table 1, there is only one set of {P0, Alpha, closed Loop Index} for each UL Channel/signal. Then, to support single DCI based multi-TRP UL transmission, two sets of PC parameters { P0, alpha, closed loop index} need to be configured in UL BWP configuration or other RRC IE when these parameters are not associated with joint/UL TCI state.
[bookmark: OLE_LINK7]Proposal 4-1: Two sets of PC parameters {P0, alpha, closed loop index} can be configured via RRC to support single DCI based multi-TRP UL transmission when these parameters are not associated with joint/UL TCI state.
Power control for simultaneous multi-panel UL transmission
As described in objective 6, simultaneous multi-panel UL transmission (STxMP) will be specified in Rel18 where the total number of layers is up to four across all panels. According to TS 38.213, UE will split the power equally across the antenna ports. Then, TRP/panel specific power control cannot be support in current power control framework. 
[bookmark: OLE_LINK3]There are two possible methods to deal with this issue. Firstly, the power control for PUSCH in STxMP is still channel specific and the UE splits the transmit power across panels considering the number of antenna ports, channel conditions and other aspects for each panel. But the exact way to split the power and indicate power control parameters needs further discussion. Secondly, the power control is panel specific, in which UE calculates the transmit power for each panel according to the parameters indicated for each panel. Then the PUSCH transmission power  is . More details can be discussed after that we make a decision on the power control framework for simultaneous multi-panel UL transmission.
Proposal 4-2: There are two possible power control methods for STxMP
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]Option1: UE determines a total PUSCH transmission power and splits the power across the multiple panels.
· Option2: UE determines the transmit power for each panel independently

Conclusion
In this contribution, we discuss about the unified TCI framework extension for M-TRP. Based on above discusses, we provide the following proposals.
Indication of multiple DL/UL TCI states
Proposal 2-1: On unified TCI framework extension for S-DCI based MTRP, support Alt 1, 
i.e., In one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL /UL TCI state(s) for one of the two TRPs or both TRPs in a CC/BWP or a set of CCs/BWPs in a CC list.
Proposal 2-2: For PDCCH reception with PDCCH SFN, suggest to down-select one from the following two alternatives on the behavior if the UE receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP.
· Alt 1: UE stops monitoring the PDCCH candidates of CORESET configured to apply two indicated joint/DL TCI states.
· Alt 2: UE monitors the PDCCH candidates of CORESET configured to apply two indicated joint/DL TCI states by the one indicated joint/DL TCI state.
Proposal 2-3: For PDCCH reception with PDCCH repetition, support UE to stop monitoring the PDCCH candidates of two linked search space set if the UE receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP.
Proposal 2-4: Support to use an indicator field other than the existing TCI field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 1_1/1_2 with and without DL assignment to inform which indicated joint/DL TCI state(s) the UE shall apply to all PDSCH receptions.
Proposal 2-5: Support to define a default TCI state by a fixed rule, and the default TCI state can be applied to the PDSCH reception:
· When the TCI association filed is not present in DCI format 1_1/1_2 (if the presence of the TCI association is configurable by RRC)
· After receiving the first MAC CE/DCI for the indicated TCI states and before the application time of the first DCI for informing the TCI association.
Proposal 2-6: UE is not expected to receive a DCI for the TCI association to associate PDSCH with two TCI states if it receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP.
Proposal 2-7: On unified TCI framework extension for S-DCI based MTRP, to inform the association with joint/UL TCI state(s) indicated by DCI/MAC-CE for PUCCH transmission:
· For M-TRP PUCCH repetition, support Alt 3, i.e., use MAC CE to map/associate one or two indicated joint/UL TCI state to a PUCCH resource/PUCCH resource group.
· For S-TRP PUCCH, support Alt 1 or Alt 3, i.e., use MAC CE or RRC configuration to map/associate one or two indicated joint/UL TCI state to a PUCCH resource/PUCCH resource group. 
Proposal 2-8: Support to define a default TCI state by a fixed rule, and the default TCI state can be applied to the PUCCH transmission after receiving the first MAC CE/DCI for the indicated TCI states and before the application time of the first MAC CE for informing the TCI association.
Proposal 2-9: Support to transmit PUCCH associated with two TCI states by the one indicated TCI state if it receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP.
Proposal 2-10: On unified TCI framework extension for S-DCI based MTRP, for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, Support Alt 1,
· i.e., Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
Proposal 2-11: Support to define a default TCI state by a fixed rule, and the default TCI state can be applied to the PUSCH transmission scheduled/activated by DCI format 0_1/0_2 after receiving the first MAC CE/DCI for the indicated TCI states and before the application time of the first DCI for informing the TCI association.
Proposal 2-12: UE is not expected to receive a DCI for the TCI association to associate PUSCH with two TCI states if it receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP.
Proposal 2-13: On unified TCI framework extension for S-DCI based MTRP, for Type 1 CG PUSCH repetition, support to use RRC configuration or default rule to inform the mapping/association. 
Proposal 2-14: Support to transmit CG type 1 PUSCH associated with two TCI states by the one indicated TCI state if it receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP.
Proposal 2-15: On unified TCI framework extension for S-DCI based MTRP, for PUSCH transmission scheduled/activated by a DCI format 0_0, down-selection one alternative from the followings 
· Alt 1: The TCI state of PUSCH transmission scheduled/activated by the DCI format 0_0 is same as that of the CORESET with the scheduling PDCCH.
· Alt 2: Based on default rule, e.g., use the first TCI state of the indicated joint/UL TCI state(s).
· Alt 3: Use MAC CE to inform the mapping/association between indicated joint/UL TCI state(s) and PUSCH transmission scheduled/activated by the DCI format 0_0.
· Alt 4: Based on the mapping/association informed by the latest DCI format 0_1/0_2. 
Proposal 2-16: The application time for TCI state mapping/association information based on MAC CE or DCI should be defined.
Proposal 2-17: For M-DCI M-TRP scenario, for PUSCH triggered/activated by DCI, the unified TCI state of the corresponding scheduling CORESET will be applied.
Proposal 2-18: For M-DCI M-TRP scenario, support to configure a CORESETPoolIndex for Type I CG PUSCH.
Proposal 2-19: For M-DCI M-TRP scenario, for PUCCH resource scheduled by DCI, the unified TCI state of the corresponding scheduling CORESET will be applied. For other PUCCH resource, support to configure a CORESETPoolIndex to PUCCH resource.
Proposal 2-20: For CJT based PDSCH reception, consider following QCL assumption with 2 TCI states:
· Reuse PDSCH-SFN scheme 2, i.e., ignore { Doppler shift, Doppler spread} in the second TCI state
· One TCI state with QCL Type A and the other TCI state with QCL Type B

Simultaneous multi-panel UL transmission
Proposal 3-1: For STxMP, support the extension of unified TCI to the transmission schemes for both single DCI based and multi-DCI based PUSCH/PUCCH.
Proposal 3-2：To determine the simultaneous uplink transmission beams, the enhancement is based on group-based beam reporting with the following options,
· Option 1: UE can report the beam pair with an additional ID (2bits) to provide information about the supported UL/DL transmission types;
· Option.2: UE can report the Rx beam group index for each reported beam, each Rx beam related to the measured simultaneously received DL beam.
· Option 3: UE can further extend the UE capability value set index with additional ID when reporting the beams with same UE capability value set index.
Proposal 3-3: To determine the simultaneous uplink transmission beams, introducing a new beam reporting configuration “groupBasedUplinkBeamReporting” targeting STxMP for the report of beams/beam pair(s) for the STxMP transmissions also can be considered.
Proposal 3-4: Considering the flexibility for the gNB scheduling and the feasibility of the support of STxMP,  support to report in a single reporting instance of more than two (N>=2) different beams/beam pairs that UE can receive/transmit simultaneously.
Proposal 3-5: For the enhanced CSI measurement and reporting targeting STxMP, the enhancement can be applied to all CSI types, i.e. P-CSI/SP-CSI/AP-CSI.
Proposal 3-6: Beam selection enhancement needs to be further considered for the coordination between panels/TRPs to mitigate the interference for the SDM schemes. 
Proposal 3-7: For SDM scheme, one TB is partitioned to be transmitted on different sets of transmission layer(s)/DMRS port(s) corresponding to different TRP/panel/TCI/SRI. 
Proposal 3-8: For SFN scheme, same TB associated with different TCIs/SRIs is assumed to be transmitted on same set of transmission layer(s)/DMRS port(s), each corresponding to a specific TRP or a specific panel.
Power control for UL single DCI
Proposal 4-1: Two sets of PC parameters {P0, alpha, closed loop index} can be configured via RRC to support single DCI based multi-TRP UL transmission when these parameters are not associated with joint/UL TCI state.
Proposal 4-2: There are two possible power control methods for STxMP
· Option1: UE determines a total PUSCH transmission power and splits the power across the multiple panels.
· Option2: UE determines the transmit power for each panel independently
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