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Introduction
In the RAN1#110bis-e meeting, the UL precoding indication for multiple panel transmission was discussed. In this meeting, single DCI and Multiple DCI transmission, the configuration of SRS resource sets, layer combination and DMRS port indication for SDM scheme were discussed [1]. The detailed agreements are listed in the related section in the discussion. 

In this contribution, we discussed our views about the UL precoding indication for the simultaneous multiple panel UL transmission. 

Discussion
2.1 Single DCI based STxMP
In the last meeting, the followings are agreed for the single DCI based transmissions for STxMP.

	Agreement
· Reuse the DCI field ‘Antenna Ports’ in DCI format 0_1 and 0_2 to indicate DMRS ports for SDM scheme of single-DCI based STxMP PUSCH:
· The total numbers of layers, L, indicated by two TPMI fields of CB PUSCH or two SRI fields of NCB PUSCH is used to determine the DMRS port indication table.
· L1 of the indicated DMRS ports are associated with the L1 PUSCH layers which are indicated by the first TPMI field for CB PUSCH or the first SRI field for NCB PUSCH and the rest L- L1 of the indicated DMRS ports are associated with the L-L1 PUSCH layers which are indicated by the second TPMI field for CB PUSCH or the second SRI field for the NCB PUSCH.
· FFS: how to partition the indicated DMRS ports among the PUSCH layers.
· Down-select one from the following two Alts for SDM scheme in RAN1#111:
· Alt1: the DMRS ports associated with two TPMI/SRI fields must be in different CDM groups.
· Alt2: the DMRS ports associated with two TPMI/SRI fields can be in same or different CDM groups.




Two alternatives should be down-selected at this meeting. One is to associate the DMRS ports with two TPMI/SRI field in different CDM groups. The other is to associate the DMRS ports with two TPMI/SRI field in the same or different CDM groups. Since the DMRS ports from the two panels may experience different channel conditions to the different TRPs, which may have impacts to the orthogonality of the DMRS ports within one CDM group, it is proposed to allocate the DMRS ports associated with different panels or TPMI/SRI fields in different CDM groups. Then the partition of the indicated DMRS ports among the PUSCH layers could be indicated through different DMRS ports indications. 

[bookmark: _Hlk118733955]Proposal 1:
It is proposed that the DMRS ports associated with two TPMI/SRI fields must be in different CDM group to keep the orthogonality.

	Agreement
For SDM scheme of single-DCI based STxMP PUSCH 
1. Configure two SRS resource sets for CB or NCB . 
0. FFS : These two SRS resource sets can have different number of SRS resources for codebook -based or non-codebook based.
1. For codebook -based PUSCH , DCI indicates two TPMI fields, and each TPMI field separately indicates the precoding information and the number of layers conveyed over the SRS ports of the indicated SRS resource in each SRS resource set. 
1. For non-codebook based PUSCH and codebook -based PUSCH , DCI indicates two SRI fields and each field indicates SRS resource(s)  for each SRS resource set separately. 
2. FFS : For codebook -based PUSCH , the two SRS resources indicated by the two SRI fields can have different number of SRS ports




Whether the different number of the SRS resources for codebook or non-codebook based transmission are supported are still FFS. Currently, for codebook based transmission, maximum two SRS resources within one SRS resource set is supported. For the non-codebook based transmission, maximum four SRS resources are supported. There is no motivation to algin that both SRS resource set have a same number of the resources. 

[bookmark: _Hlk118733948]Proposal 2:
The SRS resource number within two SRS resource sets could be different.

Considering that different panel may have different implementations, then it is possible that two panel support different number of antenna ports. Then it is also possible that for codebook based PUSCH, the two SRS resources indicated by the two SRI fields can have different number of the ports. 

[bookmark: _Hlk118733943]Proposal 3:
For codebook based PUSCH, the two SRS resources indicated by the two SRI fields can have different number of the ports.

	
Agreement
Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission
· FFS the indication of dynamic switching
· FFS: max number of layers when switching to sTRP transmission




The dynamic switching between SDM scheme of the single DCI based STxMP PUSCH and single TRP transmission is supported. The SRS resource set indicator could be reused to indicate which scheme is used. Considering that maximum layer number of single TRP transmission is four in the current specification, then the max number of the layers when switching to the single TRP transmission should be also four. If the maximum supported layer number is still two when switching to single TRP transmission, the UE cannot fully use its capability for uplink transmission when the condition is allowed. Then an RRC reconfiguration would be needed, which is a long procedure and not efficient. Thus, if the UE could switching back to single TRP transmission mode, the maximum 4 layers should be supported when applicable.

[bookmark: _Hlk118733936]Proposal 4:
The SRS resource set indicator could be reused for the dynamic switching between single TRP transmission and STxMP PUSCH. 

Proposal 5:
The maximum number of the layers when switching to sTRP transmission should be the maximum supported layer number of the UE capabilities. 

	
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




The motivation to support dynamic switching between SDM scheme of single DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme is not clear. The SDM scheme of single DCI based STxMP is for the throughput enhancement. But the motivation of Rel-17 mTRP PUSCH TDM scheme is for the reliability. Although the dynamic switching could improve the flexibility, but the motivation of dynamic switching is not that strong. 

2.2 Multiple DCI based STxMP
	Agreement
Support STxMP PUSCH+PUSCH transmission in multi-DCI based system in Rel-18. 
· Two independent PUSCHs associated with different TRPs can be transmitted by a UE simultaneously in same active BWP. 
· The total number of layers of these two PUSCHs is up to 4.
· FFS: whether the number of layers of each of these two PUSCHs is up to 2.




It was agreed that two independent PUSCH associated with different TRPs can be transmitted by a UE and the total number of layers of the two PSUCH is up to 4. If there is no coordination between two TRPs, then a limitation of maximum 2 layers transmission of each panel is a straightforward way but may not be the most efficient way. If the communication between two TRPs are possible, a RRC configured maximum layers could be used to improve the efficiency. 

[bookmark: _Hlk118733929]Proposal 6:
If the communication between two TRPs is possible, a maximum layer number per panel could be configured. Otherwise, the number of layers of each of the two PUSCHs is up to 2.

	
Agreement
Regarding the TPMI/SRI indication for multi-DCI based STxMP PUSCH+PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: Whether/how to associate coresetPoolIndex with SRS resource set implicitly or explicitly.
· FFS: the maximal number of configured/indicated SRS resources in each set for NCB/CB
· FFS: the maximal number of SRS ports in each set for CB.
· FFS: Separate codebooks and separate maxRanks are configured for different SRS resource sets.
· For type 1 CG-PUSCH (if supported), FFS how to associate the PUSCH with one TRP
· e.g., configure a coresetPoolIndex value in a type 1 CG-PUSCH
· e.g., use a single CG to configure two type 1 CG PUSCHs for STxMP PUSCH+PUSCH




Since two SRS resource sets are supported for the multiple DCI based STxMP, the SRS resource sets could be considered as associated with the two panels. Then an explicit indication of which SRS resource set is used for the transmission could be carried in the PDCCH. Which one of the panels would be used depends on TRPs’s scheduling and the DL measurement results. If the SRS resource sets are bundling with coresetPoolIndex, and the CORESETPoolIndex is RRC configured, then the scheduling flexibility would be lost. On the other side, two TRPs scheduling a same panel should be avoided. 

[bookmark: _Hlk118733922]Proposal 7:
An explicit indication of which SRS resource set is used for the PUSCH transmission could be carried in the DCI. 

The maximal number of configured SRS resources in each set could follows the legacy mechanism. The TRPs could control the maximum transmission layer number by scheduling. 

[bookmark: _Hlk118733918]Proposal 8:
The maximal configured SRS resources in each set could follows legacy mechanism. 

	
Agreement
The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS whether/how to handle the PUSCH power adjustment when two PUSCHs are fully/partially overlapped in time domain (Depending on RAN4’s input on Pcmax requirements).
· Note: No symbol-level power adjustment within a PUSCH transmission occassion in the case of fully/partially overlapping in time domain




The multiple DCI based STxMP PUSH+PUSCH transmission supports fully/partially overlapping in the time domain. If there is a overlapping transmission, a predefined maximum transmit power limit could be defined to prevent the power adjustments during the transmission. 

[bookmark: _Hlk118733910]Proposal 9:
A predefined maximum transmit power could be configured for each of the panel, to prevent the power adjustments during the transmission.


2.3 Two codeword and layer mapping
	Agreement
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2} for single CW case. 
· FFS on layer combinations of {1+3} and {3+1} considering the performance gain, system/UE complexity, specification efforts, etc.
· FFS: the option of using layer combination of 0+n and n+0 for dynamic switch between single-panel and STxMP (n=1 or 2, 3 or 4). 
· This applies to SDM with 1 CW at least.




As it was agreed that the combination of {1+1, 1+2, 2+1, 2+2} are supported for SDM transmission of single DCI. And whether {1+3, 3+1} are still FFS. Whether 1+3 and 3+1 are supported is also related with whether two CWs could be supported. Because if one link has a RANK of 1 and the other has a RANK of 3, it means that the channel condition of two link are extremely different and single MCS cannot be used. Two CWs with two MCS should be introduced to fit to different channel conditions to the two TRPs. 

[bookmark: _Hlk111148080]Proposal 10:
If two codewords are not supported, there is no need to support the layer combination of {1+3, 3+1}.

2.4 Others
In Rel-17 MIMO, only the port number of multiple panels with different values are reported to the gNB. For example, if the UE has two panel but with a same two ports for the uplink, the UE will only report single two ports to the gNB. The gNB cannot distinguish whether the UE have a single panel with a two uplink ports or two panels with two ports. But for the UE with different UL ports in the two panel, e.g. 2 and 4 uplink ports, the gNB can understand that the UE has two panels and one with 2 UL ports and the other with 4 UL ports. In this agenda, the UE capability reporting of two panel with the same number of the ports should be solved. 

[bookmark: _Hlk102120346]Proposal 11:
It should be discussed the UE capability reporting of multiple panels with a same UL ports number in each panel.  

Conclusions
In this contribution, we discussed the related issues about UL precoding indication for the simultaneous multi-panel UL transmission. The proposals are listed as below.

Proposal 1:
It is proposed that the DMRS ports associated with two TPMI/SRI fields must be in different CDM group to keep the orthogonality.

Proposal 2:
The SRS resource number within two SRS resource sets could be different.

Proposal 3:
For codebook based PUSCH, the two SRS resources indicated by the two SRI fields can have different number of the ports.

Proposal 4:
The SRS resource set indicator could be reused for the dynamic switching between single TRP transmission and STxMP PUSCH. 

Proposal 5:
The maximum number of the layers when switching to sTRP transmission should be the maximum supported layer number of the UE capabilities. 

Proposal 6:
If the communication between two TRPs is possible, a maximum layer number per panel could be configured. Otherwise, the number of layers of each of the two PUSCHs is up to 2.

Proposal 7:
An explicit indication of which SRS resource set is used for the PUSCH transmission could be carried in the DCI. 

Proposal 8:
The maximal configured SRS resources in each set could follows legacy mechanism. 

Proposal 9:
A predefined maximum transmit power could be configured for each of the panel, to prevent the power adjustments during the transmission.

Proposal 10:
If two codewords are not supported, there is no need to support the layer combination of {1+3, 3+1}.

Proposal 11:
It should be discussed the UE capability reporting of multiple panels with a same UL ports number in each panel.  
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