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In this paper, we discuss UL transmission enhancement to precoding indication for multi-panel transmission for Rel-18 NR MIMO WI 
	1. 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.




SRS-STxMP

In RAN1#114 there was a brief discussion on STxMP transmission of SRS for certain capable UEs. We believe this allows more scheduling opportunities for the network with small specification impact. However, in order to complete this in the maintenance phase of Rel-18 it is desirable to have a precise scope in mind, in particular
· Overlap related: if a UE is capable of SRS-STxMP we believe there is no need to have further fragmented capabilities on the nature of overlap – it can be partially or fully overlapped in frequency. We also expect that overlap of SRS with other channels like PUSCH and PUCCH is not in the scope of enhancements
· Multi-DCI: we expect that the scope of SRS-STxMP is limited to multi-DCI case
· Power-control related: we expect that panel-specific Pcmax would be configured per joint/UL TCI state that is applicable during STxMP transmission. Therefore in the symbols where SRS is not transmitted as STxMP the Pcmax used to determine SRS transmission power could be different from the symbols where SRS is transmitted in a STxMP fashion – this UE behavior needs to be specified.

Proposal-1: It is beneficial to consider multi-DCI based SRS STxMP transmission with a limited scope (not considering overlap with other channels). Panel-specific Pcmax that is applicable only during STxMP transmission should be considered during specification of SRS STxMP

PTRS port rate-matching

In RAN1#114 it was briefly discussed whether a PUSCH RE associated to one TPMI/SRI can be allowed to overlap with a PTRS-RE associated with another TPMI/SRI. In general PTRS ports are used in conjunction with DMRS ports at the network which are orthogonal for single DCI SDM transmission. Also, depending on the spherical coverage of the panels and the beam shapes, interference from PUSCH can cause non-trivial interference to an overlapped PTRS-RE.
Proposal-2: there is no need for specification to allow overlap of PTRS ports and PUSCH for single DCI SDM transmission

Support for DFT-S-OFDM

In RAN1#114 it was discussed whether DFT-S-OFDM scheme should be supported for single DCI based SDM/SFN schemes.  In the case of SFN, the same (single) PUSCH layer is transmitted from both panels including DMRS and PTRS ports. Therefore DFT-S-OFDM is naturally supported (or it can be clarified). In the case of single DCI based SDM or multi-DCI based PUSCH+PUSCH, DFT-S-OFDM naturally constitutes a 2-layer transmission. We believe extension of DFT-S to multi-layer has benefits but should be done separately considering higher layers (e.g. 1-4 layers) with LTE-style (cubic metric preserving) precoding matrices.
Proposal-3: Support DFT-S-OFDM transmission for single DCI SFN scheme
MPE reporting for STxMP

In RAN1#114 MPE reporting enhancements were discussed briefly. In Rel-17 enhancements were made to the P-MPR reporting framework where N >= 1 P-MPR values were allowed to be reported (N = 1, 2, 3 or 4). Additionally for each P-MPR value, UE selects and reports one SSBRI/CRI value from a candidate pool configured by RRC. Similar to group-based beam reporting we can consider a UE reporting N pairs of P-MPR values where each pair corresponds to a STxMP beam-pair and the P-MPR values apply for STxMP transmission. Specification for defining multiple candidate pools is not critical.
Proposal-4: In order to enhance P-MPR reporting for STxMP consider UE reporting N pairs of P-MPR values where each value-pair corresponds to a STxMP beam-pair and the P-MPR value-pair apply for STxMP transmission  

Capability set reporting for STxMP

In RAN1#114 it was discussed whether capability set index associated with a SSBRI/CRI need to be reported in a group based beam reporting instance. We note that UE capability value set index reporting was introduced in Rel-17 for asymmetric UE panels. In Rel-18 STxMP operation asymmetric panels are not supported through specifications. A UE, however, may manage asymmetric panels in a transparent manner for example, it can report a single value of max SRS ports that is applicable across both panels (even if they are asymmetric). 
Proposal-5: There is no need to consider capability value set index as part of group based beam reporting for STxMP

DMRS sequence initialization

In RAN1#114 it was discussed whether there is a need to configure two DMRS initialization ID for STxMP transmission in multi-DCI mode. We note that in the current specification two different DMRS sequence generation IDs can be configured and dynamically selected based in nSCID. Additionally DMRS port separation can also be achieved by the network when scheduling. Therefore we have the following proposal
Proposal-6: DMRS orthogonalization for multi-DCI PUSCH+PUSCH can be achieved by semi-static coordination across the TRPs, there is no need to specify two different initialization IDs associated with different CORESETPoolIndex values

Conclusion
The main proposals in this paper are outlined as follows.
Proposal-1: It is beneficial to consider multi-DCI based SRS STxMP transmission with a limited scope (not considering overlap with other channels). Panel-specific Pcmax that is applicable only during STxMP transmission should be considered during specification of SRS STxMP
Proposal-2: there is no need for specification to allow overlap of PTRS ports and PUSCH for single DCI SDM transmission
Proposal-3: Support DFT-S-OFDM transmission for single DCI SFN scheme
Proposal-4: In order to enhance P-MPR reporting for STxMP consider UE reporting N pairs of P-MPR values where each value-pair corresponds to a STxMP beam-pair and the P-MPR value-pair apply for STxMP transmission
Proposal-5: There is no need to consider capability value set index as part of group based beam reporting for STxMP
Proposal-6: DMRS orthogonalization for multi-DCI PUSCH+PUSCH can be achieved by semi-static coordination across the TRPs, there is no need to specify two different initialization IDs associated with different CORESETPoolIndex values
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