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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#112b meeting, many agreements have been achieved for STxMP including the precoding indication, available simultaneous beams, UCI multiplexing and so on. In this contribution, we provide more discussions on some remaining issues for single-DCI based STxMP.

Discussion
In the RAN#112b meeting, the following agreement has been achieved for the design of the SRI/TPMI fields [2].
	Agreement
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.


Among the four alternatives, Alt1 is preferred considering that it is a simple solution and follows the Rel-17 design principle. To avoid a complex implementation and ease the standardization effort, Alt1 is our first preference although the required bitwidth is not minimal. 
To support the dynamic switching between the STxMP SDM scheme and the sTRP scheme, the SRI/TPMI fields are designed according to the following Alt1. 
· 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.

In the RAN1#112b meeting, it has been summarized in the FL summary [3] and discussed on how to distinguish the STxMP SFN PUCCH scheme and the Rel-17 mTRP PUCCH scheme. For both PUCCH schemes, two TCI states will be configured for a PUCCH resource. Based on the number of TCI states, a UE cannot know which PUCCH scheme to use when transmitting on the PUCCH resource. In our view, whether the STxMP SFN PUCCH scheme or the Rel-17 mTRP PUCCH scheme is used can be configured per PUCCH resource via a RRC signaling. During the discussions, it was also mentioned that the solution depends on whether the STxMP SFN PUCCH scheme can be configured with a Rel-15 PUCCH repetition number (nrofSlots) or a Rel-17 PUCCH repetition number (pucch-RepetitionNrofSlots). For Rel-17 mTRP PUCCH, the TDM based repetition can follow nrofSlots or pucch-RepetitionNrofSlots. If the STxMP SFN PUCCH cannot be configured with nrofSlots or pucch-RepetitionNrofSlots, then nrofSlots or pucch-RepetitionNrofSlots may be used to distinguish the STxMP SFN PUCCH and the Rel-17 mTRP PUCCH. In our view, it is not necessary to prevent configuring the STxMP SFN PUCCH with nrofSlots or pucch-RepetitionNrofSlots. Therefore, per PUCCH resource configuration is needed to distinguish the STxMP SFN PUCCH scheme and the Rel-17 mTRP PUCCH scheme. 
Additionally, we also don’t see the necessity to prevent the dynamic switching between the STxMP SFN PUCCH scheme and the Rel-17 mTRP PUCCH scheme. By configuring different PUCCH resources with different PUCCH schemes, the dynamic switching can be naturally achieved without any additionally effort.
To distinguish the Rel-18 STxMP SFN PUCCH scheme and the Rel-17 mTRP PUCCH scheme, which scheme to be used is configured per PUCCH resource. 
The dynamic switching between the Rel-18 STxMP SFN PUCCH scheme and the Rel-17 mTRP PUCCH scheme is supported.

In the RAN1#112b meeting, three Options have been agreed to be down-selected for the UCI multiplexing for multi-DCI based STxMP PUSCH+PUSCH [2]. In our view, for single-DCI based STxMP PUSCH+PUSCH, how to perform the UCI multiplexing should be also studied.


[bookmark: _Ref130926382]Figure 1. UCI multiplexing for single-DCI based STxMP PUSCH+PUSCH

For single-DCI based STxMP PUSCH+PUSCH, it can happen that only one of the two STxMP PUSCHs overlaps with one sTRP PUCCH on a same panel or two STxMP PUSCHs overlap with two STxMP PUCCHs on two panels respectively. If any one of the aforementioned overlapping happens, it should be specified whether UCI should be multiplexed to only one PUSCH or both PUSCHs. If two STxMP PUSCHs overlap with two STxMP PUCCHs respectively, it may seem natural that UCI should be multiplexed to two PUSCHs. However, if only one of the two STxMP PUSCHs overlaps with one sTRP PUCCH on a particular panel, it should be specified whether UCI is multiplexed to only one PUSCH as shown in Figure 1a) or UCI has to be multiplexed to both PUSCHs as shown in Figure 1b). For the UCI multiplexing with STxMP SFN PUSCH+PUSCH, following Figure 1a) seems to be against the spirit of STxMP SFN PUSCH+PUSCH. Therefore, following Figure 1b) may be more reasonable. However, for the UCI multiplexing with STxMP SDM PUSCH+PUSCH, following Figure 1a) is still STxMP SDM PUSCH+PUSCH, and so is following Figure 1b). To avoid any ambiguity between the gNB and the UE, it should be clarified whether UCI is multiplexed to only one PUSCH or both PUSCHs. Also it should be studied whether the existing equation based on the offset  and the scaling factor  needs to be modified when determining the number of REs used for UCI. For example, for STxMP SDM PUSCH+PUSCH, if the UCI multiplexing is performed as in Figure 1a), it is worth studying whether the equation based on  and  needs to be modified. The reason is that UCI is only multiplexed to a part of the codeword (CW) on the first panel, and this is different from the existing UCI multiplexing.
For single-DCI based STxMP PUSCH+PUSCH, it should be studied how UCI is multiplexed to PUSCH(s) for the following scenarios, including which panel(s) the UCI is multiplexed, whether the UCI RE number calculation based on the offset  and the scaling factor  needs to be modified.
· Scenario 1: Only one of two STxMP PUSCHs overlaps with one sTRP PUCCH on a same panel.
· Scenario 2: Two STxMP PUSCHs overlap with two STxMP PUCCHs on two panels respectively.

Conclusion
In this contribution, we have expressed our views on STxMP. The proposals are summarized as follows. 
1. To support the dynamic switching between the STxMP SDM scheme and the sTRP scheme, the SRI/TPMI fields are designed according to the following Alt1. 
· 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.
To distinguish the Rel-18 STxMP SFN PUCCH scheme and the Rel-17 mTRP PUCCH scheme, which scheme to be used is configured per PUCCH resource. 
The dynamic switching between the Rel-18 STxMP SFN PUCCH scheme and the Rel-17 mTRP PUCCH scheme is supported.
For single-DCI based STxMP PUSCH+PUSCH, it should be studied how UCI is multiplexed to PUSCH(s) for the following scenarios, including which panel(s) the UCI is multiplexed, whether the UCI RE number calculation based on the offset  and the scaling factor  needs to be modified.
· Scenario 1: Only one of two STxMP PUSCHs overlaps with one sTRP PUCCH on a same panel.
· Scenario 2: Two STxMP PUSCHs overlap with two STxMP PUCCHs on two panels respectively.
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