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Introduction
In Rel-18, RAN1 has made couple of agreements toward specifying simultaneous uplink transmission over multi-panel (STxMP). In this contribution, we provide our views on remaining issues, for both sDCI based and mDCI based, for multi-panel simultaneous PUSCH transmissions.

Single-DCI based STxMP
SRI/TMPI bit field design
If UE is configured SDM for STxMP and with two SRS resource sets, both with the usage set as codebook, or both with the usage set as nonCodebook, UE by default assumes STxMP operation when decoding a non-fallback UL DCI. In other words, UE assumes two independent SRI (and two independent TMPI) bit fields, where the first and 2nd SRI bit fields (and 1st and 2nd TMPI bit-fields) are associated to the 1st and 2nd SRS resource sets and are simply determined following legacy (R15/16) tables of course for the maximal number of layers associated to SDM STxMP operation. One of the problems associated to support of dynamic switching between mTRP STxMP and sTRP operation is that sTRP operation may require separate number of bits for SRI/TMPI, given that only one of the SRS resource sets will be the player and the maximal number of layers supported by sTRP transmission can be different than that of mTRP transmission. The problem was discussed in RAN1#112b-e, where the following agreement was achieved:

Agreement (112b-e)
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP transmission are interpreted and the SRI/TPMI fields are designed as follows:
· The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. For SRI/TPMI field design, down-select one from the following Alts:
· Alt1: The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved.
· Alt2: the DCI has only one SRI field and one TPMI field. The SRI and TPMI field are associated with the first SRS resource set if codepoint=00 or the second SRS resource set if codepoint = 01. 
· Alt3: The DCI has two SRI fields and two TPMI fields. The first SRI field and second SRI field are concatenated into one SRI field. The first TPMI field and second TPMI field are concatenated into one TPMI field. The concatenated SRI field and the concatenated TPMI field are associated with first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01.
· FFS: If the concatenated bits are not sufficient, additional bits are appended to concatenated bits in order to support this feature
· Alt4: the DCI has two SRI fields and two TPMI fields.
· When the codepoint is 00, the first SRI field and first TPMI field are associated with the first SRS resource set. The second SRI field and second TPMI field are reserved. 
· When the codepoint is 01, the second SRI field and second TPMI field are associated with the second SRS resource set. The first SRI field and first TPMI field are reserved.
· The codepoints 10 indicate SDM transmission with the first and second SRS resource set.
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the second SRS resource set.
· FFS: The codepoint 11 is reserved.


In our view, even if UE supports dynamic switching between sTRP and mTRP STxMP, UE by default assumes mTRP STxMP operation while decoding a DCI, so UE budgets two independent SRI (and TMPI) bitfields. Now if UE is indicated to switch back to sTRP transmission, the concatenated SRI (and TMPI) bits will be used to indicate SRI (and TPMI) for sTRP operation. If the concatenated bits are not sufficient, additional bits are appended to concatenated bits in order to support this feature. Alternatively, UE does not expect to be configured with configuration (like a combination of maximal number of layers for sTRP and STxMP) under which the concatenated bits for SDM STxMP operation are not sufficient for sTRP operation. Having said that, we support Alt3 above and make the following proposal.

Proposal 1: For dynamic switching between STxMP SDM and sTRP transmission, support Alt3.
PTRS to DMRS mapping
In current specification, DCI has 0 bits for PTRS to DMRS association if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1; otherwise, DCI uses 2 bits for this indication, using three tables defined in 38.212, where Table 7.3.1.1.2-25/7.3.1.1.2-25A and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) when one PT-RS port and two PT-RS ports are configured by maxNrofPorts in PTRS-UplinkConfig respectively. In RAN1#112, the following agreement was achieved for PTRS to DMRS mapping when max two PTRS ports are configured:

Agreement
When max 2 PTRS ports are configured for SDM scheme of single-DCI based STxMP PUSCH:
· Actual number of PTRS ports in SDM is 2 and 2-bit “PTRS-DMRS association” DCI field is used to indicate the PTRS-DMRS association for the DMRS ports associated with two TMPI/SRI fields.
· The MSB indicates the association between PTRS port 0 and the DMRS port(s) associated with the first TPMI/SRI field.
· The LSB indicates the association between PTRS port 1 and the DMRS port(s) associated with the second TPMI/SRI field. 
· Regarding the “ptrs-PortIndex” configured to SRS resource for NCB PUSCH of SDM scheme, the UE ignores the configuration of “ptrs-PortIndex” per SRS resource.
FFS: Whether additional RRC configuration is needed for the max number of PTRS ports for SDM transmission

In the above agreement, there is an FFS left on whether SDM based transmission needs a separate RRC configuration for the max number of PTRS ports (which is up to 2, based on RAN1 agreement in 110b-e). First, we should note that the above agreement not only indicates PTRS to DMRS mapping but also indicates the PTRS to panel mapping, which the latter only works when two PTRS ports are configured for SDM.  When single PTRS port is configured, we need further specification on how to associate that single PTRS port to one of the two SRS resource sets. Besides, there is no strong use case to have one PTRS port for SDM operation. Having said that, we don’t think any RRC configuration is needed to indicate number of PTRS ports for SDM. If UE is configured with PTRS-UplinkConfig, that configuration implicitly sets two PTRS ports for SDM. 

Proposal 2: Fix number of PTRS ports for SDM to two, if UE is configured with PTRS-UplinkConfig. No separate RRC indication is needed for number of PTRS ports for SDM. 

PUSCH Mapping to REs
If UE is indicated to transmit a single TB through simultaneous PUSCH transmissions over multi-panel, current specification can be adopted to determine the TB size. For mapping of the coded symbols to the REs, different options can be discussed, For example
· 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.

Proposal 3: RAN1 should study different PUSCH mapping schemes in terms of UE complexity and/or PUSCH reliability. 
multi-DCI based STxMP
Power adjustment
In RAN1#110b-e, it was agreed that:
Agreement
The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS whether/how to handle the PUSCH power adjustment when two PUSCHs are fully/partially overlapped in time domain (Depending on RAN4’s input on Pcmax requirements).
· Note: No symbol-level power adjustment within a PUSCH transmission occassion in the case of fully/partially overlapping in time domain

For mTRP based STxMP when two PUSCHs are fully/partially overlapped in time domain, if UE is configured with a total power constraint PCMAX,f,c across both panels for STxMP operation, PUSCH transmission power for each PUSCH, i.e. P1 and P2, is determined based on 38.213, clause 7.1 and 7.1.1. If P1 + P2> PCMAX,f,c prioritization for transmission power reduction should be applied, where low priority PUSCH shall be dropped. For instance: the DG-PUSCH survives, and CG-PUSCH is dropped, and/or the PUSCH that starts earlier will survive, and the other PUSCH is dropped.

Proposal 4: For mTRP based STxMP with PUSCH+PUSCH, if UE is configured with a total power constraint PCMAX,f,c across both panels for STxMP operation, if PUSCH transmission power for each PUSCH, i.e. P1 and P2, is such that P1 + P2> PCMAX,f,c, prioritization for transmission power reduction shall be applied, where the low priority PUSCH is dropped.

UCI multiplexing procedures
There has been some discussion in RAN1 on UCI multiplexing, when PUCCH overlaps with PUSCH+PUSCH. In RAN1#112, it was agreed that:

Agreement
For multi-DCI based STxMP PUSCH+PUSCH, study enhancements of the UCI multiplexing rule to address the case that one PUCCH overlaps with two overlapped PUSCHs of STxMP PUSCH+PUSCH.

Later in RAN1#112b-e, it was agreed that:

Agreement
For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, down-select one for the UCI multiplexing:
· Option 1: the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· Option 2: the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· Option 3: 
· When joint HARQ-ACK feedback is configured, the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· When separate HARQ-ACK feedback is configured, at least when the UCI includes HARQ-ACK, the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· FFS: When the UCI does not include HARQ-ACK (CSI and/or SR), whether to follow the same behavior as above, or to follow the behavior of the case that joint HARQ-ACK feedback is configured.
· Note: Here using joint HARQ-ACK feedback and separate HARQ-ACK feedback is mainly for discussion purpose. FFS: whether to introduce a new RRC parameter to indicate that.
· FFS the impact of the following legacy restriction on the above options:  when separate HARQ feedback is configured, a PUCCH transmission triggered by DCI associated with one coresetPoolIndex cannot overlap in time with a PUSCH transmission triggered by DCI associated with another coresetPoolIndex.   
· Note: each of the above options is applied to the system when the system is configured with multi-DCI based STxMP PUSCH+PUSCH.

In our view, current specification can be adopted for UCI multiplexing, although it shall be per TRP. That is UCI in PUCCH is only multiplexed over one of the two overlapping PUSCHs, when PUCCH overlaps with that PUSCH, and timeline conditions for UCI multiplexing based on current specification is met, and both PUCCH and overlapping PUSCH are associated to the same TRP. 

Proposal 5: For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, UCI is multiplexed into the PUSCH associated with the same TRP.

Thus, the question to address is how to associate a PUCCH to one of the two panels. One simple solution is PUCCH is always mapped to the first panel. Alternatively, a new RRC parameter can be defined for each PUCCH resource configuration which indicates a 1-1 mapping between PUCCH and SRS resource set. Additionally, or alternatively, if PUCCH resource is associated with a DCI, the corresponding coresetPoolIndex in ControlResourceSet is used to indicate 1-1 mapping between PUCCH and TRP (or SRS resource set). 

Proposal 6: The association of PUCCH and SRS resource set can be based a new RRC parameter in PUCCH resource configuration, or for a PUCCH scheduled by a DCI, the corresponding coresetPoolIndex in ControlResourceSet. 


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, m-DCI based simultaneous m-TRP based PUSCH+PUSCH, 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 1: TDAI indication for dynamic HARQ-ACK codebook and m-DCI based STxMP

Proposal 7: 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.

Others
Group-based beam reporting for STxMP
In Rel-17, L1 based procedure for group-based beam reporting was specified for a UE to report (up to 4) beam pairs that can be received simultaneously. As given by 38.212, the procedure is based on CSI report where UE is configured with two channel measurement resource sets. UE can report up to 4 beam pair (called resource group) indices, where each of two indices corresponding to a pair are associated to one of CMR resource sets. For each pair, UE also reports the pair of L1-RSRPs associated to the beams in the pair. In RAN1#112b-e, it was discussed to enhance group-based beam reporting for R18 simultaneous multi-panel uplink transmission, where it was agreed that:
Agreement
Enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission and down-select one in RAN1#113 meeting:
· Alt1: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and the reported pair of CRIs or SSBRIs can be received simultaneously.
· Alt2: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.
· Alt3: In each reported pair of CRIs or SSBRIs, UE indicates if the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and/or if the reported pair of CRIs or SSBRIs can be received simultaneously.   
· FFS: Introduce an indicator to support the above, and the number of bits and interpretation of each codepoint of the indicator

In our view, a single group-based report can be provided on UL UCI which is potentially applicable to both DL (for simultaneous reception) and UL (for simultaneous transmission). Based on this discussion, we have the following proposal. 
Proposal 8: for mTRP based operation, UE dynamically indicates through UL UCI a group based (CRI/SSBRI, L1-RSRP/SINR, UL/DL association), where UL/DL association indicates 1 bits for pair association as 0 (DL only), 1 (applicable to both UL & DL).
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 dynamic switching between STxMP SDM and sTRP transmission, support Alt3.

Proposal 2: Fix number of PTRS ports for SDM to two, if UE is configured with PTRS-UplinkConfig. No separate RRC indication is needed for number of PTRS ports for SDM. 

Proposal 3: RAN1 should study different PUSCH mapping schemes in terms of UE complexity and/or PUSCH reliability. 
Proposal 4: For mTRP based STxMP with PUSCH+PUSCH, if UE is configured with a total power constraint PCMAX,f,c across both panels for STxMP operation, if PUSCH transmission power for each PUSCH, i.e. P1 and P2, is such that P1 + P2> PCMAX,f,c, prioritization for transmission power reduction shall be applied, where the low priority PUSCH is dropped.

Proposal 5: For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, UCI is multiplexed into the PUSCH associated with the same TRP.
Proposal 6: The association of PUCCH and SRS resource set can be based a new RRC parameter in PUCCH resource configuration, or for a PUCCH scheduled by a DCI, the corresponding coresetPoolIndex in ControlResourceSet. 

Proposal 7: 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 8: for mTRP based operation, UE dynamically indicates through UL UCI a group based (CRI/SSBRI, L1-RSRP/SINR, UL/DL association), where UL/DL association indicates 1 bits for pair association as 0 (DL only), 1 (applicable to both UL & DL).
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