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Introduction
The Rel-18 WID on NR MIMO evolution for downlink and uplink was approved in [1], which includes the following objective:
	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 this contribution, we provide our views on design of S-DCI-based STxMP PUSCH.
Discussions
Number of PUSCHs when operating S-DCI-based STxMP with SDM scheme
In RAN1#112, the following working assumption was achieved:
	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 Rel-18 S-DCI-based STxMP for PUSCH with SDM scheme, a TB is split into two parts and the first/second part is transmitted from a first/second UE panel to a first/second TRP. Each part of the TB is comprised of a group of (one or two) layers of the TB and the two parts of the TB are inherently precoded by separate transmit precoders and are transmitted using separate spatial domain filters.
In order to achieve a common understanding, e.g., for UL power control, it seems that we need to clarify the two parts of the TB transmitted on two panels, respectively, belong to the same PUSCH or different two PUSCHs. It is noted that the current specifications only define the UE behaviors of UL power control for a single PUSCH transmission. The UE behaviors of UL power control may be different depending on the two parts of the TB are regarded as a single PUSCH or as two PUSCHs. This may also be related to the FFS part of the above Working Assumption.
The current specifications only define UE behaviors of UL power control for a single PUSCH, and thus whether the UE shall consider S-DCI-based STxMP PUSCH transmissions with SDM scheme as a single PUSCH or two PUSCHs is critical.
RAN1 to discuss it is one single PUSCH or two PUSCHs that are transmitted when a UE operates S-DCI-based STxMP with SDM scheme before handling the FFS in the working assumption made in RAN1#112: whether/how to enable that the total number of used PUSCH antenna ports for the SDM and sTRP is the same.

Number of PUSCHs when operating S-DCI-based STxMP with SFN scheme
For S-DCI-based STxMP PUSCH transmission with SFN scheme, a first precoder and a second precoder are applied on a TB, and then the TB is transmitted from a first and second panel to a first and a second TRP with separate spatial filters, respectively. For convenience, let’s call the transmission performed on the first panel as “the first version of the TB” and call the transmission performed on the second panel as “the second version of the TB”. When performing UL power control, in order to define the UE behaviors, it is important to first clarify whether the UE considers the first version and the second version of the TB as a single PUSCH or as two PUSCHs.
The current specifications only define UE behaviors of UL power control for a single PUSCH, and thus whether the UE shall consider S-DCI-based STxMP PUSCH transmissions with SFN scheme as a single PUSCH or two PUSCHs is critical.
RAN1 to discuss it is one single PUSCH or two PUSCHs that are transmitted when a UE operates S-DCI-based STxMP with SFN scheme.
Switching between different schemes
It has been agreed to use the “SRS resource set indicator” in DCI to indicate switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission.
	Agreement
For the maximal number of layers for sTRP transmission, down-select:
· 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.



It has also been agreed to use the “SRS resource set indicator” in DCI to indicate switching between SFN scheme of single-DCI based STxMP PUSCH and sTRP transmission. In addition, DCI-based dynamic switching between SDM scheme and SFN scheme is not supported.
	Agreement
· Support DCI-based dynamic switching between SFN scheme of single-DCI based STxMP PUSCH and sTRP transmission
· The DCI field “SRS resource set indicator” is used to indicate the switching between SFN scheme and sTRP transmission. 
· (Conclusion) There is no consensus to support DCI-based dynamic switching between SFN scheme and SDM scheme



In Rel-17, when two SRS resources sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer usage in SRS-ResourceSet set to ‘codebook’ or ‘nonCodebook’, the UE shall definitely perform mTRP with TDM. The interpretation of the codepoints of the SRS resource set indicator is as follows:
· ’00’: sTRP using the first SRS resource set with usage in SRS-ResourceSet set to ‘codebook’ or ‘nonCodebook’
· ‘01’: sTRP using the second SRS resource set with usage in SRS-ResourceSet set to ‘codebook’ or ‘nonCodebook’
· ‘10’: mTRP with cyclic or sequential mapping pattern [first SRS resource set, second SRS resource set]
· ‘11’: mTRP with cyclic or sequential mapping pattern [second SRS resource set, first SRS resource set]
However, in Rel-18, STxMP is to be supported, and the schemes agreed to be supported are SDM and SFN. It seems unlikely that dynamic switching between TDM and SDM/SFN via DCI will be supported from the discussion in RAN1#111 meeting. When two SRS resource sets are configured, how a UE interprets the SRS resource set indicator may be an essential issue. We think:
· Interpretation of the codepoints ‘00’ and ‘01’ may remain the same as Rel-17, i.e., for sTRP using the first/second SRS resource set. 
· Interpretation of the codepoint ‘10’/’11’ depends on whether the UE is configured to operate TDM, SDM or SFN.
· If the UE is configured to operate TDM, the codepoint ‘10’ and ’11’ indicates that the UE shall perform TDM.
· If the UE is configured to operate SDM, the codepoint ‘10’/’11’ indicates that the UE shall perform SDM.
· If the UE is configured to operate SFN, the codepoint ‘10’/’11’ indicates that the UE shall perform SFN.
When two SRS resource sets are configured, how to determine whether the UE shall operate SDM or SFN or TDM needs to be further discussed.
For S-DCI-based STxMP SDM, STxMP SFN and TDM, when a UE is configured with two SRS resource sets with usage set in SRS-ResourceSet to ‘codebook’ or ‘nonCodebook’, the SRS resource set indicator in DCI may indicate different UE behaviors.
For single-DCI-based STxMP, when a UE is indicated by the SRS resource set indicator in DCI format 0_1/0_2 with codepoint other than ‘00’ and ‘01’, it is unclear that whether the UE should perform Rel-17 mTRP TDM or the UE should perform Rel-18 STxMP SFN or STxMP SDM.
RAN 1 to discuss how a UE determines to operate in Rel-18 S-DCI-based STxMP SDM, Rel-18 S-DCI-based STxMP SFN or Rel-17 mTRP TDM, e.g., how to interpret the SRS resource set indicator when two SRS resource sets with usage in SRS-ResourceSet set to ‘codebook’ or ‘nonCodebook’ are configured.
Conclusions
In this contribution, we discussed the issues on STxMP design. Based on the discussion, we have the following observations:
1. The current specifications only define UE behaviors of UL power control for a single PUSCH, and thus whether the UE shall consider S-DCI-based STxMP PUSCH transmissions with SDM scheme as a single PUSCH or two PUSCHs is critical.
The current specifications only define UE behaviors of UL power control for a single PUSCH, and thus whether the UE shall consider S-DCI-based STxMP PUSCH transmissions with SFN scheme as a single PUSCH or two PUSCHs is critical.
For S-DCI-based STxMP SDM, STxMP SFN and TDM, when a UE is configured with two SRS resource sets with usage set in SRS-ResourceSet to ‘codebook’ or ‘nonCodebook’, the SRS resource set indicator in DCI may indicate different UE behaviors.
For single-DCI-based STxMP, when a UE is indicated by the SRS resource set indicator in DCI format 0_1/0_2 with codepoint other than ‘00’ and ‘01’, it is unclear that whether the UE should perform Rel-17 mTRP TDM or the UE should perform Rel-18 STxMP SFN or STxMP SDM.

Based on the discussion, we have the following proposals:
1. RAN1 to discuss it is one single PUSCH or two PUSCHs that are transmitted when a UE operates S-DCI-based STxMP with SDM scheme before handling the FFS in the working assumption made in RAN1#112: whether/how to enable that the total number of used PUSCH antenna ports for the SDM and sTRP is the same.
RAN1 to discuss it is one single PUSCH or two PUSCHs that are transmitted when a UE operates S-DCI-based STxMP with SFN scheme.
RAN 1 to discuss how a UE determines to operate in Rel-18 S-DCI-based STxMP SDM, Rel-18 S-DCI-based STxMP SFN or Rel-17 mTRP TDM, e.g., how to interpret the SRS resource set indicator when two SRS resource sets with usage in SRS-ResourceSet set to ‘codebook’ or ‘nonCodebook’ are configured.
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