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Introduction
In the Rel-18 WID for NR MIMO evolution [1], an objective to study and specify enhancements for uplink MIMO is as follows:

	6. 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 RAN1 #111 [2] and RAN1 #112 [3], the following agreement and working assumption were made: 

	Agreement
For dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission:
· Use the 2-bit “SRS resource set indicator” DCI field to dynamically indicate the sTRP or SDM transmission.
· FFS: how to interpret each codepoint of “SRS resource set indicator”.
· For the maximal number of layers for sTRP transmission, down-select:
· Option1: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) in current spec
· Option2:  Configuring one additional maximal numbers of layers for sTRP transmission, in addition to maxRank in current spec.
· Down-select one from the following for maximal number of layers of SDM transmission:
· Alt1: Configure one single maximal number of layers (separate from the maximal number(s) of layers for sTRP), that is applied to the first SRS resource set and the second SRS resource set, separately.
· Alt1a: The maxRank (or Lmax) in current spec is also applied to the first SRS resource set and the second SRS resource set, separately.
· Alt2: Configure separate maximal numbers of layers for the first SRS resource set and the second SRS resource set 
· Alt3: no dedicated configuration for SDM. The maximal number(s) of layers of sTRP and the UE capability reporting for SDM are used to determine the maximal number of layers of SDM transmission.
· Alt4: The maximal number(s) of layers in above Option1/2 also applied to the first SRS resource set and the second SRS resource set, separately.
· FFS: To ensure the same size of DCI for sTRP and SDM cases, how to use/interpret the TPMI/SRI field(s) and whether to do reserved bit or zero padding.

Working Assumption
For dynamic switching between STxMP SDM scheme and sTRP transmission, support the following:
· For sTRP transmission: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) as in current spec (i.e., Option 1)
· For SDM scheme: configure one single maximal number of layers (separate from maxRank (or Lmax) for sTRP) that is applied to the first SRS resource set and the second SRS resource set, separately (i.e., Alt1)
· FFS: Whether/How to enable that the total number of used PUSCH antenna ports for the SDM and sTRP is the same. 
· Note: This corresponds to the case that digital ports are shared between the panels
· Note: RAN1 supports both implementations that digital ports are shared or separate among panels



In this contribution, we discuss a method for determining the total number of antenna ports used for sTRP or SDM for PUSCH transmission that takes into account whether digital ports are shared between the panels.

Discussion
In Rel-18, various discussions on dynamic switching of STxMP SDM schemes and sTRP transmissions were conducted to determine the maximum number of layers for sTRP transmissions and the maximum number of layers for SDM transmissions. As a result, (1) for sTRP transmissions, the maximum number of layers is maxRank (or Lmax), as was the behavior prior to Rel-18, and (2) for SDM schemes, the maximum number of layers applied to the first SRS resource set and the second SRS resource set is one each. However, discussions are still ongoing on whether and how the number of antenna ports for PUSCH transmissions used in SDM and sTRP is the same. An important consideration in this discussion is whether the digital ports are shared or separated between panels.
Figure 1 shows the case where the digital ports are separated between panels. If the digital ports are separated between panels, all four digital ports on the selected panel can be used for sTRP transmission. Similarly, all four digital ports on each of the two panels can be used for SDM transmission, for a total of eight digital ports available.
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Figure 1: sTRP and SDM transmission with separated digital ports
Figure 2 shows the case where the digital ports are shared between panels. For sTRP transmission, all four digital ports on the panel are available. For SDM, however, the four digital ports must be shared between the two transmit panels, so only a subset of these digital ports are available for each panel. 
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Figure 2: sTRP and SDM transmission with shared digital ports
Typically, the UE can select a precoder by mapping the TPMI field of the PUSCH transmission to the TPMI index of a selected TPMI table, where the TPMI table is selected based on several parameters, including the number of ports in the SRS resource for the PUSCH transmission. Thus, in case of the sTRP transmission, it is possible to operate in this manner regardless of whether digital ports are shared or not. If the digital ports are separated between the panels for the SDM scheme, the maximum number of layers for SDM PUSCH can be twice as many as for sTRP PUSCH, but the number of SRS ports per layer is the same as for sTRP, so it can be operated in the same way. However, if the digital ports are shared between the panels for the SDM scheme, the number of SRS ports per each panel will be reduced compared to sTRP (or SDM with unshared digital ports), which may require new configuration and settings. This means that, unlike in the case of sTRP transmission with shared/separated digital ports and SDM transmission with separated digital ports, the UE needs to report to the gNB of the (maximum) number of SRS resource sets within each panel or the number of available ports within the SRS resource sets, or the number of ports used within the SRS resource sets for the SDM transmission with shared digital ports. 
On the gNB side, based on this indication, the UL channel can be estimated based on the SRS ports available for SDM transmission. As a result, the appropriate TPMI values can be used for each panel. If the digital ports are shared between the panels in the SDM scheme, the number of SRS resource sets used in each panel should be reported to gNB. As shown in Figure 2, the SRS resource sets consist of up to four ports for sTRP transmission, and the SRS resource sets consist of two ports for SDM transmission. Thus, when the digital ports are shared between each panel in the SDM scheme, it is necessary to report the number of SRS resource sets and port information used by each panel. In this case, the number of SRS resource sets used for the SDM transmission can be set to a divisor of the number of SRS resource sets used for sTRP transmission assuming that the same number of SRS resource sets are used in each panel. If the UE does not report that, the gNB can assume that all SRS ports on each panel are available for the SDM transmission. If a different number of SRS resource sets are used in each panel, as shown in figure 3, the indication of the number of SRS resource sets used by each panel should be also reported to gNB.
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Figure 3: SDM transmission with shared digital ports using different number of SRS resource sets per panel 

Proposal #1: 
· For whether/how to enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same,
· UE reports the supported subset of SRS ports of each panel for STxMP SDM/SFN. The gNB determines/configures the suitable codebook subset for STxMP SDM/SFN. If the UE does not report that, the gNB can assume that all SRS ports on each panel are available for STxMP SDM/SFN
Observation #1: 
· For sDCI based STxMP PUSCH SDM scheme, both symmetric and asymmetric panels can be considered to transmit.

On the other hand, when the digital ports are shared between the panels, since multiple panels are used for SRS transmissions, it can be necessary to impose restrictions on SRS transmissions. DL/UL signals cannot be transmitted or received during the switching time among the shared digital ports. Therefore, after the transmission using the first resource sets is complete, switching time should be required for the transfer using the second resource sets. To solve this problem, it can be assumed that a guard symbol of a certain length is introduced between SRS resource sets, and that there is no transmission during the guard symbol. 

Proposal #2: 
· To enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same,
· Introduce a guard symbol between two SRS resource sets, where UE does not transmit any other signal within the guard symbol.

Conclusion
In this contribution, the following conclusions were made:
Proposal #1: 
· For whether/how to enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same,
· UE reports the supported subset of SRS ports of each panel for STxMP SDM/SFN. The gNB determines/configures the suitable codebook subset for STxMP SDM/SFN. If the UE does not report that, the gNB can assume that all SRS ports on each panel are available for STxMP SDM/SFN
Observation #1: 
· For sDCI based STxMP PUSCH SDM scheme, both symmetric and asymmetric panels can be considered to transmit.
Proposal #2: 
· To enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same,
· Introduce a guard symbol between two SRS resource sets, where UE does not transmit any other signal within the guard symbol.
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