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Introduction
In Rel-16, multi-TRP based simultaneous PDSCH transmissions using a single DCI was specified for both FDM and SDM PDSCH transmissions. While Rel-17 supports multi-TRP based PUSCH, where different repetitions in time may be associated with different beams, simultaneous PUSCH transmission across different panels is one of the objectives to be studied in R18. In RAN1#109-e, some progress toward simultaneous transmission over multi-panel (STxMP) was made but there are still many aspects left for further study. In this contribution, we provide our views on multi-panel simultaneous PUSCH transmissions, including resource indication, TB calculation, PUSCH mapping, antenna port indication and precoding indication.

Simultaneous multi-beam PUSCH transmissions
Indication of PUSCH Resources by a s-DCI
Multi-TRP based simultaneous PDSCH transmissions using a single DCI is achieved in Rel-16 by indicating the PDSCH resources associated to each TCI state (i.e., each beam). More precisely, 
· For FDM simultaneous PDSCH transmissions through multi-TRP and by a single DCI indication, a UE is configured by higher layer parameter repetitionScheme set to one of 'fdmSchemeA', or 'fdmSchemeB', and the UE is indicated a TCI codepoint associated with two TCI states, and the indicated DM-RS port(s) are within one CDM group. FDRA bit-field indicates frequency domain resources that will be eventually split between the two TCI states, as part of PRB bundling and depending on the precoding granularity size, such that PDSCH occasions associated to each TCI state has non-overlapping frequency domain resource allocation with respect to the other PDSCH transmission occasion, as described in TS 38.214, Clause 5.1.2.3
· For SDM simultaneous PDSCH transmissions through multi-TRP and by a single DCI indication, the UE is indicated a TCI codepoint associated with two TCI states, but the indicated DM-RS ports are within two CDM groups, where the first TCI state corresponds to the CDM group of the first antenna port, and the second TCI state corresponds to the other CDM group (TS 38.214, Clause 5.1.6.2). Here, FDRA bitfield indicates a PDSCH transmission occasion that is used by both TRPs, although different layers of that single TB are transmitted by different TRPs. 

In RAN1#109-e, it was agreed that for STxMP PUSCH in single-DCI based mTRP system, SDM, FDM-A/B and SFN schemes are further studied and evaluated the following schemes for PUSCH. For STxMP PUSCH transmissions, a similar design as in Rel-16 PDSCH resource indication can be adopted, although given some differences between uplink and downlink resource indication, like lack of PRG bundling in uplink, some modifications should be considered. For example, for multi-panel simultaneous PUSCH transmission using a single DCI, resource allocation type 1 is prioritized. Next, for FDM PUSCH transmissions, the first  PRBs are assigned to the first PUSCH and the remaining  PRBs are assigned to the second PUSCH, where is the total number of allocated contiguous PRBs as given by FDRA.

Proposal 1: For FDM simultaneous PUSCH transmission, FDRA bit-field indicates NPRB allocated RBs, where ceil (NPRB/2), or alternatively floor (NPRB/2), is assigned to the first PUSCH and the rest of RBs belong to the second PUSCH.
Proposal 2: For simultaneous multi-panel PUSCH transmissions, partial overlap in frequency shall be deprioritized.
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Figure 1: Examples for different resource allocations to simultaneous PUSCHs

TB Determination 
In Rel-16, multi-TRP based simultaneous PDSCH transmissions using a single DCI supports transmission of a single TB, with and without repetition. More precisely, 
· For sDCI mTRP operation and SDM indication, a single TB size is determined similar to R15 sTRP PDSCH transmission, based on number of allocated REs, and MCS given by sDCI, although for SDM PDSCH transmissions, number of layers to determine the TB is the total number of layers across both TRPs. Simultaneous repetitions of the same TB are not supported for SDM. 
· For sDCI mTRP operation and FDM indication, when a UE is configured by higher layer parameter repetitionScheme set to 'fdmSchemeA', same number of layers applied to PDSCH transmissions associated to each TCI, so TB is again determined similar to R15 single TRP PDSCH transmission, based on total REs associated to both TCIs, and MCS given by sDCI. Simultaneous repetitions of the same TB are not supported for 'fdmSchemeA'.
· For sDCI mTRP operation and FDM indication, when a UE is configured by higher layer parameter repetitionScheme set to 'fdmSchemeB', single TB is determined based on R15 procedure, but only REs associated to the first TCI state, i.e., the first PDSCH, are considered. The second PDSCH associated to the second TCI will carry a repetition of the same TB, with the same MCS and number of layers as of the first PDSCH, as indicated by DCI.

In Rel-17, multi-TRP based PUSCH was supported, where different repetitions in time are associated with different beams. A single TB is determined, based on the first PUSCH occasion. 
To determine the TB size for multi-panel simultaneous PUSCH transmissions, a similar design as in Rel-16 simultaneous PDSCH transmission can be adopted, although some additional considerations should be taken into account. For example, whether or not to support two codewords each carried by one PUSCH. In addition, given that simultaneous transmission of different repetitions of the same TB will increase UE complexity, repetition-based scheme is deprioritized, or at least a combination of R17 repetition in addition to repetition in frequency/space is deprioritized (like R16 multi-TRP based PDSCH transmissions where joint configuration of different repetition types in time and frequency is not supported).
Proposal 3: For s-DCI based STxMP, prioritize TB determination based on a common MCS and the same number of layers for PUSCHs associated to TCIs. 

PUSCH Mapping to REs
If UE is indicated to transmit a single TB through simultaneous PUSCH transmissions over multi-panel, it is preferred to have a single MCS bit-field and number of layers applicable to both PUSCHs. In this case, current specification can be applied, with possibly minor modifications for the SDM allocation, to determine the TB size, as discussed in the previous sub-section. For mapping of the coded symbols to the REs, different options can be discussed, as follows
· Option 1: start with the first allocated symbol, the coded symbols are mapped in frequency first to all resource elements (REs) associated to the 1st PUSCH and next to REs associated to the 2nd PUSCH. Next move to the next symbol.  
· Option 2: start with 1st PUSCH, coded bits are mapped in all frequency and time REs associated to 1st PUSCH (frequency next time). Next, move to 2nd PUSCH.
· Option 3: For FDM, start with the first allocated symbol, the coded symbols are mapped to all REs (belong to 1st and 2nd PUSCH) in frequency, next to the next symbol and so on (similar to existing PUSCH mapping procedure).

Proposal 4: RAN1 should study different PUSCH mapping schemes in terms of UE complexity and/or PUSCH reliability. 
UL Precoding Indication
In Rel-17, when UE is indicated to perform PUSCH repetition in time with different UL beams associated to each repetition, SRI bit-field is extended to indicate beam association to each repetition. Rel-17 also specifies unified TCI framework, based on which when the UE is configured DLorJointTCIState or UL-TCIState, the UE shall perform PUSCH transmission according to the spatial relation, if applicable, with a reference to the RS for determining UL Tx spatial filter or the RS configured with qcl-Type set to 'typeD' of the indicated DLorJointTCIState or UL-TCIState (TS 38.214, Clause 6.1). 
In Rel-18, unified TCI framework is assumed to be extended for UL beam indication for multi-panel simultaneous PUSCH transmissions. Here we should note that simple extension of Rel-17 beam indication procedure has some drawbacks: In R17, PUSCHs on separate beams are not simultaneous but in different time resources, so Rel-17 based indication does not capture inter-panel interference for SDM (although OK for FDM). In addition, in R17, PUSCHs on different beams are simply repetitions in time which have same number of layers. While for simultaneous transmission of a single TB through multi-beams we do not support per-panel MCS/number of layers, R-17 indication needs modification if different number of layers per panel is needed, for example for two codeword case. 
Proposal 5: For s-DCI based STxMP:
· For ‘txConfig = nonCodebook’: the second SRI bit field assumes all possible ranks that can be indicated by the corresponding SRS resource set, without dependency on the indicated rank by the first SRI. 
· For ‘txConfig = Codebook’: the second TPMI bit-field indicates all possible number of layers for the corresponding beam/panel

UL Antenna Port Indication
For s-DCI indication of FDM multi-panel simultaneous PUSCH transmissions, if different number of layers per panel is not allowed, then a single “Antenna ports” bit-field indicates DMRS ports for both PUSCHs. In this case, which is the preferred scenario, no new specification is needed.  For the case that different number of layers per panel is allowed (for example for two codewords scenario), we have the following proposal to indicate DMRS ports for PUSCHs:  
Proposal 6: For s-DCI FDM simultaneous PUSCHs, “Antenna ports” bit-field indicates DMRS ports for the PUSCH with maximum number of layers
· Alt.1: DMRS ports for the panel with a smaller number of layers is determined from the smallest port indices within the set of ports associated to the panel with a larger number of layers
· Alt.2: reserved bits in DMRS tables for rank>1 is used to indicate the associated port index to the panel with smaller number of layers, based on modified tables in Fig. 2a and Fig. 2b. 
As an example for Alt.1, consider the case that PUSCH associated to 1st panel has 1 layer, and PUSCH associated to 2nd panel has 2 layers. “Antenna ports” bit-field in DCI indicates DMRS ports 0,1 for the 2nd panel. Therefore, DMRS port for the 1st panel is 0. As an example for Alt.2, consider same example as for Alt.1, so we should look at modified Table 7.3.1.1.2-9, TS 38.212, as shown in Fig. 2a. Now if the value of “antenna port” bit-field is 1, the 2nd panel has DMRS ports 0,1 and 1st panel has DMRS port 0. On the other hand, if the value of “antenna port” bit-field is 4, the 2nd panel has DMRS ports 0,1 and 1st panel has DMRS port 0.
Also note that under Alt.2, when one of the PUSCHs is rank4, DMRS port indication to the other PUSCH under all possible ranks, i.e., 1-4, requires to extend the legacy Table 7.3.1.1.2-11 from 3 bits to 4 bits (as shown in Fig. 2b). Alternatively, some rows may be excluded, e.g., keep only the first 8 rows.
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Figure 2b: DMRS port indication for both PUSCHs using “reserved” states for rank 4

CG+DG/CG STxMP
In NR R17, UE can transmit over a configured grant (CG) multiple repetitions of the same TB across different UL beams, where repetitions are TDM. More precisely, from 38.214, 6.1.2.3:
When two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2, precoding information and number of layers (applicable when higher layer parameter usage in SRS-ResourceSet set to 'codebook’) associated with the first and second SRS resource set is provided by precodingAndNumberOfLayers and precodingAndNumberOfLayers2, respectively, and SRS resource indicators associated with the first and second SRS resource sets are provided by srs-ResourceIndicator and srs-ResourceIndicator2, respectively.

For simultaneous transmission of two CG PUSCHs, subject to UE capability, across different panels, we have the following proposal:

Proposal 7: For simultaneous transmission of different CGs
· For Type-1 UL CG configuration, UE is indicated about STxMP once UE is configured with two SRS resource sets, each of which is associated to different srs-ResourceIndicator 
· For Type-2 UL CG configuration, UE is indicated about STxMP if coresetPoolIndex associated to each DCI activating the two CG PUSCHs are different
PHR triggering and reporting 
On m-TRP based simultaneous PUSCH transmissions, there are couple of issues related to PHR triggering and reporting that worth further discussion. For example, for PHR triggering conditions, whether PHR may be triggered subject to PLs associated to both TRPs change more than the predefined threshold(s), or PHR may be triggered even if the PL corresponding to any of TRPs changes more than the predefined threshold. In addition, it should be discussed for the case of simultaneous transmission of PUSCH+PUSCH, the PHR calculation is based on actual or virtual PUSCH. For example, for s-DCI based STxMP, if both PUSCHs are fully overlapped in time, then both PUSCHs are considered either actual or both considered virtual based on existing specification. On the other hand, for m-DCI based STxMP, UE may determine virtual vs actual PHR per PUSCH occasion based on existing specification.
Proposal 8: For STxMP PUSCH+PUSCH transmission:
· If both PUSCHs are fully overlapped in time (e.g. for the case of s-DCI), both are considered either actual or both considered virtual based on existing specification
· If PUSCHs are not fully overlapped in time (e.g. for the case of m-TRP), UE determines virtual vs actual PHR per PUSCH occasion based on existing specification
UCI multiplexing procedures
If a m-TRP based PUSCH indicated for STxMP with FDM-A or SDM scheme overlaps in time with a PUCCH that is associated to single TRP (s-TRP), UCI multiplying procedure may follow the existing specification per PUCCH+PUSCH resources that are associated to the same TRP. In other words, UE may resolve per panel PUCCH+PUSCH collision (multiplex UCI, drop PUCCH, etc) based existing procedures. 

Proposal 9: If a mTRP based PUSCH+PUSCH overlaps in time with a PUCCH that is associated to a sTRP, UCI is multiplexed only on the PUSCH resource that is associated to the same TRP/beam/panel as of PUCCH
· FFS: How the code-rate for UCI multiplexing is determined, i.e., based on REs allocated to both PUSCHs, or based on only those REs associated to the PUSCH toward the same TRP as PUCCH 


In current specification, TDAI bit-field in uplink DCI indicates number of HARQ-ACK bits that shall be multiplexed on PUSCH. More precisely, when there is overlapping PUSCHs and PUCCH, up to one PUSCH will be selected for HARQ-ACK multiplexing, where no overlapping PUSCHs within the same carrier with the same priority index, is expected. Now in Rel-18, if STxMP for PUSCH+PUSCH is supported for m-DCI based m-TRP, when UE is scheduled with fully or partially overlapping PUSCHs in the time and frequency domain by multiple PDCCHs with two different values of coresetPoolIndex, TDAI indication should be per panel, as shown in the following example. In this case, UE will multiplex HARQ-ACKs to each PUSCH independently, unlike current spec which only one PUSCH with UL-TDAI not equal to 4 carries HARQ-ACK
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Figure 3: TDAI indication for dynamic HARQ-ACK codebook and m-DCI based STxMP

Proposal 10: If UE is scheduled with fully or partially overlapping PUSCHs in the time and frequency domain by multiple PDCCHs that are associated to different ControlResourceSets having different values of coresetPoolIndex, TDAI indication is per panel. 

Simultaneous multi-beam PUCCH transmissions
In NR R17, UE can transmit multiple repetitions of a PUCCH resource across different UL beams, where repetitions are TDM:
· Same PUCCH resource with the same UCI is repeated in intra-slot (scheme 3) or inter-slot (scheme 1)
· two spatial relation info’s (PUCCH-SpatialRelationInfo) can be activated via MAC CE (38.213, Sec. 6.1.3.25), and/or
· two PUCCH power control parameter sets is activated via MAC-CE
· If number of repetitions is more than 2, PUCCH mapping to beam can be cyclic or sequential
PUCCH+PUCCH indication 
In RAN1#109-e, it has been discussed to study and evaluate the following schemes for STxMP PUCCH transmission in single-DCI based mTRP:
· PUCCH FDM-A scheme: different frequency domain parts of one PUCCH resource are transmitted by two different UE panels.
· PUCCH FDM-B scheme: two FDM-ed PUCCH transmission occasion of the same UCI with the same PUCCH format are transmitted from two different UE panels
· PUCCH SFN scheme: The same PUCCH/PUCCH-DMRS is transmitted from two different UE panels with simultaneously
For simultaneous transmission of PUCCH over multi-panel using a single DCI, the STxMP scheme indication can be as part of RRC PUCCH resource configuration. For example, a PUCCH resource configuration is tagged with FDM-A, or FDM-B, or SFN in RRC configuration. Once that PUCCH resource in selected by DCI (or MAC-CE), UE is indicated to perform STxMP for PUCCH transmission, subject to UE capability, with the corresponding scheme.
Proposal 11: For simultaneous transmission of PUCCH over multi-panel (STxMP), UE will be indicated about the STxMP scheme in a single-DCI, as part of RRC PUCCH resource configuration
· a PUCCH resource configuration is tagged with FDM-A, or FDM-B, or SFN in RRC configuration
· Once that PUCCH resource in selected, UE is indicated to perform STxMP for PUCCH transmission with the corresponding scheme

Conclusion
In this contribution, we provided some views on multi-panel simultaneous uplink transmissions. Based on what we discussed, the following proposals are made:
Proposal 1: For FDM simultaneous PUSCH transmission, FDRA bit-field indicates NPRB allocated RBs, where ceil (NPRB/2), or alternatively floor (NPRB/2), is assigned to the first PUSCH and the rest of RBs belong to the second PUSCH.
Proposal 2: For simultaneous multi-panel PUSCH transmissions, partial overlap in frequency shall be deprioritized.
Proposal 3: For s-DCI based STxMP, prioritize TB determination based on a common MCS and the same number of layers for PUSCHs associated to TCIs. 
Proposal 4: RAN1 should study different PUSCH mapping schemes in terms of UE complexity and/or PUSCH reliability. 
Proposal 5: For s-DCI based STxMP:
· For ‘txConfig = nonCodebook’: the second SRI bit field assumes all possible ranks that can be indicated by the corresponding SRS resource set, without dependency on the indicated rank by the first SRI. 
· For ‘txConfig = Codebook’: the second TPMI bit-field indicates all possible number of layers for the corresponding beam/panel
Proposal 6: For s-DCI FDM simultaneous PUSCHs, “Antenna ports” bit-field indicates DMRS ports for the PUSCH with maximum number of layers
· Alt.1: DMRS ports for the panel with a smaller number of layers is determined from the smallest port indices within the set of ports associated to the panel with a larger number of layers
· Alt.2: reserved bits in DMRS tables for rank>1 is used to indicate the associated port index to the panel with smaller number of layers, based on modified tables in Fig. 2a and Fig. 2b. 
Proposal 7: For simultaneous transmission of different CGs
· For Type-1 UL CG configuration, UE is indicated about STxMP once UE is configured with two SRS resource sets, each of which is associated to different srs-ResourceIndicator 
· For Type-2 UL CG configuration, UE is indicated about STxMP if coresetPoolIndex associated to each DCI activating the two CG PUSCHs are different
Proposal 8: For STxMP PUSCH+PUSCH transmission:
· If both PUSCHs are fully overlapped in time (e.g. for the case of s-DCI), both are considered either actual or both considered virtual based on existing specification
· If PUSCHs are not fully overlapped in time (e.g. for the case of m-TRP), UE determines virtual vs actual PHR per PUSCH occasion based on existing specification
Proposal 9: If a mTRP based PUSCH+PUSCH overlaps in time with a PUCCH that is associated to a sTRP, UCI is multiplexed only on the PUSCH resource that is associated to the same TRP/beam/panel as of PUCCH
· FFS: How the code-rate for UCI multiplexing is determined, i.e., based on REs allocated to both PUSCHs, or based on only those REs associated to the PUSCH toward the same TRP as PUCCH 

Proposal 10: If UE is scheduled with fully or partially overlapping PUSCHs in the time and frequency domain by multiple PDCCHs that are associated to different ControlResourceSets having different values of coresetPoolIndex, TDAI indication is per panel. 

Proposal 11: For simultaneous transmission of PUCCH over multi-panel (STxMP), UE will be indicated about the STxMP scheme in a single-DCI, as part of RRC PUCCH resource configuration
· a PUCCH resource configuration is tagged with FDM-A, or FDM-B, or SFN in RRC configuration
· Once that PUCCH resource in selected, UE is indicated to perform STxMP for PUCCH transmission with the corresponding scheme
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