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Introduction
For Rel-18 MIMO, STxMP (Simultaneous Transmission Multi-Panel) will be standardized. In the WID [1], the relevant objectives are as follows. The part marked with red colors will be handled under this agenda item.
	[bookmark: OLE_LINK269]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 the RAN#111 meeting, some agreements have been achieved for STxMP including precoding indication, scheme switching, mTRP usage and so on. In this contribution, we provide more discussions on some issues of STxMP.
Discussion
In the RAN1#111 meeting, the following agreement has been achieved w.r.t. the dynamic switching between the SDM scheme and the sTRP scheme for PUSCH transmissions [2].
	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.


For the maximal number of the layers for the sTRP scheme, two options including Option 1 and Option 2 are listed. From our perspective, Option 1 is preferred. In the current standard, there is already a method to configure the maximal number of the layers for the sTRP scheme, i.e., by configuring maxRank (or Lmax). For the dynamic switching between the SDM scheme and the sTRP scheme, the same method can be leveraged. When determining the maximal number of the layers for the sTRP scheme, a suitable value can be determined by considering that it is used for the dynamic switching between the SDM scheme and the sTRP scheme. As an example, if one panel is used for the sTRP transmission, the maximal number of the layers is determined as that of the one panel. As another example, if two panels are used for the sTRP transmission, e.g., two panels are treated as a big panel and used for transmission towards one TRP, the maximal number of the layers is determined as that of the two panels. 
On how to determine the maximal number of the layers for the sTRP PUSCH scheme, the following Option 1 is supported.
· Option1: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) in current spec.

For the maximal number of the layers for the SDM scheme, several alternatives have been listed. Among them, Alt1 is preferred. Firstly, the maximal numbers of the layers should be separately configured for the SDM scheme and the sTRP scheme. In this way, the sTRP scheme can have more flexibilities to choose whether the maximal number of the layers can be larger than that of a certain panel. As an example, a larger number of layers of the sTRP scheme can be achieved by treating two panels as a big panel. As another example, a smaller number of layers of the sTRP scheme can be achieved by selecting one of the two panels. Secondly, one single maximal number of the layers can be applied to the first panel (the first SRS resource set) and the second panel (the second SRS resource set) separately. For a UE, it can be equipped with multiple panels. For transmissions based on the SDM scheme, the UE can select two panels from the multiple panels. Considering that equipping a UE with the same type of panels is a typical use case, one single maximal number of the layers can be configured and applied to the first panel (the first SRS resource set) and the second panel (the second SRS resource set) separately. In our view, configuring one single maximal number of the layers is a simple solution and can already cover most typical use cases.
On how to determine the maximal number of the layers for the PUSCH SDM scheme, the following Alt1 is supported.
· 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.

To indicate the dynamic switching between the SDM scheme and the sTRP scheme, the 2-bit “SRS resource set indicator” DCI field will be used. With the 2-bit DCI field, three codepoints can be used to indicate the following three types of transmissions. 
· SDM based transmission where the transmissions are towards two TRPs respectively.
· sTRP based transmission where the transmission is towards the first TRP.
· sTRP based transmission where the transmission is towards the second TRP.
On how to use the 2-bit “SRS resource set indicator” DCI field to dynamically indicate the sTRP PUSCH scheme or the PUSCH SDM scheme:
· One codepoint indicates the SDM scheme.
· Two codepoints indicate the sTRP scheme.
· One codepoint indicates the transmission towards the first TRP.
· One codepoint indicates the transmission towards the second TRP.

In the RAN1#111 meeting, the following agreement has been achieved w.r.t. the indication of TPMI/SRI.
	Agreement
For SDM scheme single-DCI based STxMP transmission, when L1 and L2 layers are indicated/determined by two TPMI fields of CB PUSCH or two SRI fields of NCB PUSCH respectively:
· The first L1 indicated DMRS ports correspond to the L1 layers indicated by the first TPMI or SRI field
· The remaining L2 indicated DMRS ports correspond to the L2 layers indicated by the second TMPI or SRI field
· Support at least one of the following options for indication of layer combination {1+2}:
· Option 1: new entry is added to DMRS table, e.g., {0, 2, 3}, {2, 0, 1}.
· Option 2: use DCI field (e.g., SRS resource set indicator) to indicate that for layer combination {1+2}, the first two indicated DMRS ports correspond to the 2 layers indicated by the second TPMI or SRI field and the rest one indicated DMRS port correspond to the layer indicated by the first TPMI or SRI field.
· Option 3: For layer combination of {1+2}, the DMRS port in the CDM group with only one port is mapped to the SRI/TPMI field indicating one layer, and the DMRS ports in the CDM group with 2 ports are mapped to the SRI/TPMI field indicating 2 layers
· Other options are not precluded


As for the indication of the layer combination {1+2}, several options have been listed. Among them, at least Option 1 should be supported where a new entry such as {0, 2, 3} is added into the DMRS table. By this way, the DMRS port 0 is indicated to the first panel, and the DMRS ports 2 and 3 are indicated to the second panel. Among two panels, the first panel is associated with a CDM group, and the second panel is associated with another CDM group. Since it has been agreed that the DMRS ports associated with two TPMI/SRI fields can be in same or different CDM groups, if necessary, other options can be also considered to support the layer combination {1+2} by allowing the DMRS ports of two panels to be within the same CDM group. Anyway, at least Option 1 should be supported.
To indicate the layer combination {1+2} for the PUSCH SDM scheme, at least the following Option 1 should be supported.
· Option 1: new entry is added to DMRS table, e.g., {0, 2, 3}, {2, 0, 1}.

In the RAN1#110b meeting, the following agreement has been achieved w.r.t. the switching between the SDM scheme and the Rel-17 mTRP PUSCH scheme [3].
	Agreement
For the switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme, Alt2 is supported. FFS: Whether Alt1 is supported in addition to Alt2.
· Alt1: Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Note: It is up to gNB implementation to configure SDM scheme of single-DCI based STxMP PUSCH or Rel-17 mTRP PUSCH TDM scheme or both of them in RRC. Dynamic switching between them is only when both schemes are configured in RRC.
· Alt2: Support RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme





[bookmark: _Ref101685309]Figure 1. Switching between the SDM scheme and the Rel-17 mTRP PUSCH TDM scheme

According to the above agreement, the RRC-based switching has been supported between the SDM scheme and the Rel-17 mTRP PUSCH TDM scheme. In Figure 1, the general concepts of the SDM scheme and the Rel-17 mTRP PUSCH TDM scheme are illustrated. From the figure, mainly the time and frequency resources and the transmission powers are different for the two schemes. In addition to the RRC-based switching between the SDM scheme and the Rel-17 mTRP PUSCH TDM scheme, the dynamic switching can be also considered to have a higher scheduling flexibility. When the SDM scheme is not suitable for the current transmission, a UE does not need to always fall back to the sTRP scheme. Instead, the UE can choose to remain in the mTRP mode but using Rel-17 mTRP PUSCH TDM scheme.
The dynamic switching between the PUSCH SDM scheme and the Rel-17 mTRP PUSCH TDM scheme is supported.

In the RAN1#111 meeting, the following agreement has been achieved w.r.t. the STxMP scheme for PUCCH.
	Agreement
Support the SFN scheme for single-DCI based STxMP PUCCH transmission


According to the agreement, the SFN scheme is supported for PUCCH. Depending on the channel conditions or considering the power consumptions, it is not always suitable to use the SFN scheme for the PUCCH transmission. Similar with the PUSCH transmission, the dynamic switching between the SFN scheme and the sTRP scheme should be supported for the PUCCH transmission. For PUSCH, the dynamic switching is indicated by a DCI field “SRS resource set indicator”. For PUCCH, the dynamic switching can be achieved by the following procedures. Firstly, for each PUCCH resource, it is configured with either the SFN scheme or the sTRP scheme, i.e., indicating whether the SFN scheme or the sTRP scheme is used. Secondly, when a DCI indicates a PUCCH resource for a PUCCH transmission, the corresponding SFN scheme or sTRP scheme is used for the PUCCH transmission. By this way, the dynamic switching between the PUCCH SFN scheme and the sTRP PUCCH scheme can be achieved.
The dynamic switching between the PUCCH SFN scheme and the sTRP PUCCH scheme is supported.
· Which scheme to use is configured per PUCCH resource. 

Conclusion
In this contribution, we have expressed our views on STxMP. The proposals are summarized as follows. 
1. On how to determine the maximal number of the layers for the sTRP PUSCH scheme, the following Option 1 is supported.
· Option1: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) in current spec.
On how to determine the maximal number of the layers for the PUSCH SDM scheme, the following Alt1 is supported.
· 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.
On how to use the 2-bit “SRS resource set indicator” DCI field to dynamically indicate the sTRP PUSCH scheme or the PUSCH SDM scheme:
· One codepoint indicates the SDM scheme.
· Two codepoints indicate the sTRP scheme.
· One codepoint indicates the transmission towards the first TRP.
· One codepoint indicates the transmission towards the second TRP.
To indicate the layer combination {1+2} for the PUSCH SDM scheme, at least the following Option 1 should be supported.
· Option 1: new entry is added to DMRS table, e.g., {0, 2, 3}, {2, 0, 1}.
The dynamic switching between the PUSCH SDM scheme and the Rel-17 mTRP PUSCH TDM scheme is supported.
The dynamic switching between the PUCCH SFN scheme and the sTRP PUCCH scheme is supported.
· Which scheme to use is configured per PUCCH resource. 
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