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Introduction
In RAN1 #110b, the following agreements on simultaneous multi-panel transmission have been achieved.
	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.

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.

Agreement
For SDM scheme of single-DCI based STxMP PUSCH 
· Configure two SRS resource sets for CB or NCB . 
· FFS : These two SRS resource sets can have different number of SRS resources for codebook -based or non-codebook based.
· 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. 
· 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. 
· FFS : For codebook -based PUSCH , the two SRS resources indicated by the two SRI fields can have different number of SRS ports

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

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

Agreement
Support SFN-based transmission scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18

Agreement
Support to configure up to 2 PTRS ports for SDM scheme of single-DCI based STxMP PUSCH transmission:
· For 2 PTRS ports, study how to use the ‘PTRS-DMRS association’ field in DCI format 0_1 and 0_2 to indicate the PTRS-DMRS association for SDM scheme

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

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

Agreement
Multi-DCI based STxMP PUSCH+PUSCH transmission at least supports the following PUSCH combinations:
· DG-PUSCH + DG-PUSCH
· CG-PUSCH + DG-PUSCH




In this contribution, we provide some discussions on simultaneous multi-panel transmission.
General aspects
Several general assumption should be clarified on the enhancement of STxMP:
· Maximum number of active UE panels
· Maximum number of physical UE panels
· Number of ports per UE panel
· Enhancement for connected mode or connected mode + idle mode

Regarding the maximum number of active UE panels, since only up to 2 TRPs are supported. It is reasonable to assume up to 2 active UE panels for a UE, where each panel can be used for uplink signal toward one TRP. On the maximum number of physical UE panels, usually this can be considered an implementation related issue. But it should be clarified that whether the Rel-18 STxMP would introduce any restriction on the number of physical UE panels. In addition, the number of ports per panel should be clarified. Usually the number of ports per panel should be 2. Last, it needs to be clarified whether the enhancement should focus on connected mode only or both connected mode and idle mode. Since the mTRP can be enabled for connected mode UE, it should be more reasonable to consider STxMP for connected mode only. Thus, the PUSCH enhancement for MsgA/Msg3 should be precluded.
In addition, usually UE cannot always support STxMP as a result of overheating issue. When a UE keeps communicating with a gNB from a Tx panel, the overheating issue could happen for this panel. The UE has to turn off the panel. If there is no additional Tx panel, the UE cannot support STxMP when such overheating issue happens. Therefore, it is necessary to study the solution to the overheating issue for STxMP.  
Proposal 1: Rel-18 STxMP only considers UE with up to 2 active panels.
Proposal 2: Rel-18 STxMP supports UEs with more physical panels than active panels.
Proposal 3: The number of antenna ports per UE panel should be assumed to be 2.
Proposal 4; Rel-18 STxMP only considers the enhancement for connected mode UE, i.e. enhancement for MsgA/Msg3 PUSCH should be precluded.
Proposal 5: Study the solution to the overheating issue for STxMP, where the UE has to turn off one panel when overheating is detected for that panel.

STxMP on PUSCH
Single DCI based STxMP
SDM scheme
DMRS ports partition
In RAN1 #110b, the following agreement on DMRS port indication for SDM scheme was achieved.
	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.




An open issue is how to define the DMRS ports partition when two TCI states are indicated. One possible way is to define the DMRS ports based on CDM groups. Such approach can help to reduce the mutual interference between the DMRS from different panels. Currently for Type1/eType1 DMRS, up to 2 CDM groups are supported, and for Type2/eType2 DMRS, up to 3 CDM groups are supported. Now that the SDM scheme only supports up to 4 layers transmission, to associate a CDM group for each indicated TCI or TPMI/SRI could be simple way.
Proposal 6: Support to divide the indicated DMRS ports based on CDM groups
· Support Alt1 that the DMRS ports associated with two TPMI/SRI fields must be in different CDM groups

SRS configuration
In RAN1 #110b, the following agreement to support 2 SRS resource sets for CB/NCB was achieved.
	Agreement
For SDM scheme of single-DCI based STxMP PUSCH 
· Configure two SRS resource sets for CB or NCB . 
· FFS : These two SRS resource sets can have different number of SRS resources for codebook -based or non-codebook based.
· 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. 
· 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. 
· FFS : For codebook -based PUSCH , the two SRS resources indicated by the two SRI fields can have different number of SRS ports




The open issue is whether to introduce any restriction for the two SRS resource sets, e.g., whether the number of resources in each SRS resource set should be the same or whether the indicated number of SRS ports by the indicated SRIs should be the same. For SDM scheme, the PUSCH transmission for each panel should be independent. Therefore, it is unnecessary to restrict the number of resources in each SRS resource set or restrict the number of ports indicated by the two SRI field should be the same.
Proposal 7: Do not support to introduce the restriction that for SDM scheme the two SRS resource sets should have the same number of SRS resources.
Proposal 8: Do not support to introduce the restriction that for SDM scheme the number of ports for the two SRS resources indicated by the two SRIs should be the same.

Dynamic switching between SDM and sTRP
In RAN1 #110b, it was agreed to support dynamic switching between SDM and sTRP scheme as follows:
	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




For SDM and sTRP scheme, the configuration of maximum number of layers, e.g., maxRank, and uplink full power mode may be different. Thus, with regard to dynamic switching between SDM and sTRP scheme, it is necessary to configure two sets of maxRank and uplink full power related parameters, wehre the first set is used for sTRP scheme and the second set is used for sTRP scheme. 
To identify the indication of dynamic switching, the first issue is to identify the functionality for the two SRS resource sets. For CB based transmission, the SRS can provide the indication of number of antenna ports and antenna virtualization scheme. For NCB based transmission, the SRS can provide the indication of digital precoder and antenna virtualization scheme. The beam for PUSCH is based on the indicated unified TCI. One possible way is that the indicated TCI is associated with each SRS resource set and the dynamic switching between sTRP and SDM scheme can be based on the SRS resource set indication similar to dynamic switching between sTRP and TDM scheme.
Proposal 9: With regard to dynamic switching between sTRP and SDM scheme, support to configure two sets of maxRank and uplink full power related parameters, where the first set is for sTRP scheme and the second set is for SDM scheme.
Proposal 10: Support to associate the indicated TCI state with an configured SRS resource set and use the SRS resource set indication in DCI for dynamic switching between sTRP and TDM scheme

SFN scheme
For SFN scheme, the precoder indication should depend on the number of configured SRS resource sets for CB/NCB. There can be the following two options:
· Option 1: One SRS resource set for CB/NCB
· Option 2: Two SRS resource sets for CB/NCB
In option 1, the gNB can configure two TCI states for an SRS resource in an SRS resource set for CB/NCB. The UE can transmit the SRS in SFN manner, which is the same as the PUSCH. In option 2, the gNB can indicate one TCI state for each SRS resource in an SRS resource set for CB/NCB. To measure the uplink CSI for SFN manner, the gNB may need to configure fully overlapped resources for both SRS resource sets. Further, the gNB may need to send two DCIs to trigger the two SRS resource sets. Therefore, option 1 and option 2 can achieve the same functionality, but option 1 can reduce the SRS overhead compared to option 2. Therefore, the SFN scheme should be supported based on one SRS resource set for CB/NCB.
Proposal 11: For SFN based STxMP, support to configure one SRS resource set for CB/NCB.

Multi-DCI based STxMP
Maximum number of layers
In RAN1 #110b, the following agreement on maximum number of layers was achieved. 
	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.




One open issue is whether the number of layers for each PUSCH should be up to 2. For sDCI based SDM scheme, currently only layer combination {1+2}, {2+1} and {1+1} is supported. Therefore, it is reasonable to define the maximum number of layers for each PUSCH to be up to 2. 
Proposal 12: For mDCI based STxMP, support up to 2 layer transmission for a PUSCH.

SRS configuration
In RAN1 #110b, the following agreement to introduce 2 SRS resource sets for mDCI based PUSCH was achieved.
	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




The first open issue is whether to introduce any association between the two SRS resource sets and a CORESETPoolIndex is needed. Since the gNB needs to indicate an SRI in DCI to identify the SRS resource set, where at least one of the SRS resources should be selected from. It is necessary to define the association between the SRS resource set and a CORESETPoolIndex. One possible way is to define that the first resource set is associated with the first CORESETPoolIndex and the second resource set is associated with the second CORESETPoolIndex. Then for CG-PUSCH, the gNB can indicate the SRS resource set index so that the UE can identify the CORESETPoolIndex as well as the exact indication of SRI.
The second issue is whether to introduce any restriction on the number of configured/indicated SRS resource for the SRS resource sets. For mDCI transmission, the PUSCH transmission for each panel should be independent. Therefore, it is unnecessary to restrict the number of configured/indicated resources in each SRS resource set.
The third open issue is whether to define the maximum number of SRS ports in each set for CB. For mDCI transmission, the PUSCH should be transmitted from a panel. Each panel should have up to 2 ports. Thus, it is straight-forward that the maximum number of ports for each SRS resource set for CB should be 2.
Proposal 13: For mDCI based PUSCH, support to define the association between SRS resource set and CORESETPoolIndex, where the first SRS resource set is associated with CORESETPoolIndex=0 and the second SRS resource set is associated with CORESETPoolIndex=1.
Proposal 14: Do not support to introduce the additional restriction on maximum number of configured/indicated SRS resource set in each SRS resource set on top of legacy UE capability and maxRank for a PUSCH transmission for mDCI based STxMP.
Proposal 15: Support up to 2 ports for an SRS resource for CB for mDCI based STxMP.

mDCI for CG-PUSCH
In RAN1 #110b, the following agreement on supported PUSCH+PUSCH mode for mDCI based transmission was achieved. 
	
Agreement
Multi-DCI based STxMP PUSCH+PUSCH transmission at least supports the following PUSCH combinations:
· DG-PUSCH + DG-PUSCH
· CG-PUSCH + DG-PUSCH




One open issue is whether to support CG-PUSCH+CG-PUSCH. For mDCI based STxMP, to support the combination of CG-PUSCH+CG-PUSCH does not increase the UE and gNB complexity compared to DG-PUSCH+DG-PUSCH and CG-PUSCH+DG-PUSCH. Instead, such combination can also be beneficial for spectrum efficiency enhancement for CG-PUSCH. Therefore, for mDCI based STxMP, CG-PUSCH+CG-PUSCH should be supported.
Proposal 16: Support CG-PUSCH+CG-PUSCH based STxMP.

STxMP on PUCCH
To support STxMP on PUCCH, in general, there can be two options:
· Option 1: To transmit UCI on two PUCCH resources with one beam indicated per resource
· Option 2: To transmit UCI on one PUCCH resource with two beams indicated
In option 1, more flexible PUCCHs multiplexing schemes can be supported. The two PUCCH resources can be multiplexed in FDM/TDM/SDM manner, which is like mDCI based PUSCH. In option 2, the gNB can indicate two TCI states for a PUCCH resource, and the UCI can be transmitted in different repetitions with different beams for the PUCCH resource. The PUCCH multiplexing schemes could not be as flexible as option 1. Since some multiplexing manner is hard to be configured, e.g. partial overlapped based multiplexing scheme. Therefore, compared to option 2, option 1 is preferred.
Proposal 17: Support to transmit UCI on two PUCCH resources, where each PUCCH resource is indicated with one TCI.

Conclusion
In this contribution, we provided discussion on STxMP enhancement. Based on the discussion, the following proposals have been achieved.
Proposal 1: Rel-18 STxMP only considers UE with up to 2 active panels.
Proposal 2: Rel-18 STxMP supports UEs with more physical panels than active panels.
Proposal 3: The number of antenna ports per UE panel should be assumed to be 2.
Proposal 4; Rel-18 STxMP only considers the enhancement for connected mode UE, i.e. enhancement for MsgA/Msg3 PUSCH should be precluded.
Proposal 5: Study the solution to the overheating issue for STxMP, where the UE has to turn off one panel when overheating is detected for that panel.
Proposal 6: Support to divide the indicated DMRS ports based on CDM groups
· Support Alt1 that the DMRS ports associated with two TPMI/SRI fields must be in different CDM groups
Proposal 7: Do not support to introduce the restriction that for SDM scheme the two SRS resource sets should have the same number of SRS resources.
Proposal 8: Do not support to introduce the restriction that for SDM scheme the number of ports for the two SRS resources indicated by the two SRIs should be the same.
Proposal 9: With regard to dynamic switching between sTRP and SDM scheme, support to configure two sets of maxRank and uplink full power related parameters, where the first set is for sTRP scheme and the second set is for SDM scheme.
Proposal 10: Support to associate the indicated TCI state with an configured SRS resource set and use the SRS resource set indication in DCI for dynamic switching between sTRP and TDM scheme
Proposal 11: For SFN based STxMP, support to configure one SRS resource set for CB/NCB.
Proposal 12: For mDCI based STxMP, support up to 2 layer transmission for a PUSCH.
Proposal 13: For mDCI based PUSCH, support to define the association between SRS resource set and CORESETPoolIndex, where the first SRS resource set is associated with CORESETPoolIndex=0 and the second SRS resource set is associated with CORESETPoolIndex=1.
Proposal 14: Do not support to introduce the additional restriction on maximum number of configured/indicated SRS resource set in each SRS resource set on top of legacy UE capability and maxRank for a PUSCH transmission for mDCI based STxMP.
Proposal 15: Support up to 2 ports for an SRS resource for CB for mDCI based STxMP.
Proposal 16: Support CG-PUSCH+CG-PUSCH based STxMP.
Proposal 17: Support to transmit UCI on two PUCCH resources, where each PUCCH resource is indicated with one TCI.


