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Introduction
In RAN1 #111, the following agreements on simultaneous multi-panel transmission have been achieved.
	Agreement
For the DMRS port indication for SDM scheme single-DCI based STxMP transmission, support Alt2:
· Alt2: the DMRS ports associated with two TPMI/SRI fields can be in same or different CDM groups.

Agreement
Support CG PUSCH + CG PUSCH in multi-DCI based STxMP PUSCH+PUSCH transmission.

Agreement
Support the SFN scheme for single-DCI based STxMP PUCCH transmission

Conclusion
There is no consensus on the support STxMP PUCCH+PUCCH in multi-DCI based mTRP system

Agreement
· For multi-DCI based STxMP, to schedule a PUSCH for STxMP PUSCH+PUSCH transmission, 
· Alt1: The first SRS resource set is associated with coresetPoolIndex value 0 and the other SRS resource set is associated with coresetPoolIndex value 1
· The PUSCH is associated with SRS resource set with the same value of coresetPoolIndex 
· FFS: Which is the first SRS resource set, e.g., the set with lower set ID.
· Regarding how to interpret the SRI/TPMI field in DCI:
· For DG-PUSCH, the indicated SRI/TPMI field corresponds to the SRS resource set associated with same coresetPoolIndex value of the CORESET where scheduling DCI format 0_1 or 0_2 is received
· For Type 2 CG-PUSCH, the indicated SRI/TPMI field corresponds to the SRS resource set associated with same coresetPoolIndex value of the CORESET where activation DCI is received. 
· For Type 1 CG-PUSCH, one SRS_resource_set_index value is configured in RRC in ConfiguredGrantConfig and the srs-ResourceIndicator/precodingAndNumberOfLayers correspond to the SRS resource set 

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

Agreement
For the SFN scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: Number of SRS resources of SRS resource set, and number of SRS ports of SRS resource 
· The DCI indicates two SRI fields and TPMI fields for SFN transmission, 
· On the indication of number of layers for CB and NCB PUSCH:
· Alt1: Similar to rel-17 mTRP TDM scheme, the number of layers is indicated by the first SRI field (for NCB PUSCH) or the first TPMI field (for CB PUSCH)

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.

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

Conclusion
There is no consensus to support layer combinations {1+3} and {3+1} in SDM scheme of single-DCI based STxMP 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 #111, the following agreement on DMRS port partition for SDM scheme was achieved.
	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




From the two indicated TPMIs or SRIs, the UE can identify the number of layers L1 and L2 for each beam. Then the UE can identify the corresponding DMRS ports for the L1 and L2 layers based on the order of the two beams, which is indicated by SRS resource set indicator. Therefore, on the indication of layer combination, option 2 should be supported. For the indication of the 2-bit SRS resource set, the indication of Rel-17 can be reused.
Proposal 6: Support option 2 for layer combination indication for SDM scheme, which uses the SRS resource set indicator to indicate the L1 and L2 DMRS ports for each indicated TCI.
Proposal 7: Reuse the Rel-17 indication on the 2-bit SRS resource set indicator for SRS resource set indicator for SDM scheme.

Maximum number of layers for sTRP and SDM
In RAN1 #111, the following agreement on maximum number of layers for sTRP and mTRP was achieved.
	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.




One open issue is how to define the maximum number of layers for sTRP transmission. Since the enhancement is for STxMP transmission instead of sTRP transmission, it is unnecessary to introduce a new beahvior for the configuration of maximum number of layers for sTRP operation. Thus, option 1 should be supported, where the maximum number of layers for sTRP transmission is configured by maxRank.
Another open issue is the configuration of maximum number of layers for SDM scheme. For SDM scheme, the UE is able to support more layers for uplink transmission. Therefore, a second maximum number of layers can be introduced for SDM scheme. Thus, Alt1 should be supported.
Proposal 8: For maximum number of layers for sTRP operation, support option 1, where the maximum number of layers for sTRP transmission is configured by maxRank.
Proposal 9: For maximum number of layers for SDM scheme, support Alt1, where a second maximum number of layers is configured for SDM scheme.

PT-RS for SDM scheme
For SDM operation, the UE transmits the uplink signal from two panels. Usually, two PT-RS ports should be necessary. However, it still depends on the UE architecture on whether the two panels share the same oscillator or not. Therefore, it is better to introduce a UE capability to indicate whether the UE supports 1 or 2 PT-RS ports for SDM scheme.
Another issue is whether the PT-RS from one panel needs to be orthogonal with the PUSCH from the other panel, i.e., whether the REs for PT-RS in one panel can be available for PUSCH form the other panel. As the two panels are with opposite direction and different NW-UE beam pairs can be applied, such mutual interference between PT-RS and PUSCH could not be severe. Further, if the REs for PT-RS in one panel are not available for the PUSCH from the other panel, the UE may not be able to perform power boosting for the PT-RS as it cannot support cross-panel power borrowing. Therefore, it is unnecessary to reserve the resources from one panel to the PT-RS. 
Proposal 10: Support the UE to report the UE capability to indicate whether the UE supports 1 or 2 PT-RS ports for SDM scheme.
Proposal 11: The REs for PT-RS corresponding to one TPMI/SRIs are “available” for PUSCH resource mapping corresponding to another TPMI/SRI. 


SFN scheme
For SFN scheme, the following on SRS configuration was agreed in RAN1 #111.
	Agreement
For the SFN scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: Number of SRS resources of SRS resource set, and number of SRS ports of SRS resource 
· The DCI indicates two SRI fields and TPMI fields for SFN transmission, 
· On the indication of number of layers for CB and NCB PUSCH:
· Alt1: Similar to rel-17 mTRP TDM scheme, the number of layers is indicated by the first SRI field (for NCB PUSCH) or the first TPMI field (for CB PUSCH)




One remaining issue is how to transmit the PT-RS and DMRS. Since the UE transmits the PUSCH in SFN manner, it is beneficial to reduce the decoding complexity if the UE transmits the PT-RS and DMRS in SFN manner. In that case, only 1-port PT-RS is sufficient for SFN scheme.
A second issue is how to indicate the PT-RS and DMRS association. For SFN scheme, the gNB can indicate two precoders. However, the strongest layer for each indicated precoder could be different. Then to make sure the PT-RS is associated with the strongest layer, a layer swap indicator can be introduced for the second indicated precoder so as to construct the strongest layer for PT-RS and DMRS port association as shown in Figure 1.
[image: ]
Figure 1: Layer swapping to construct the strongest layer for PT-RS and DMRS port association
Proposal 12: For SFN scheme, support to transmit the PT-RS and DMRS in SFN manner.
Proposal 13: For SFN scheme, support only 1 PT-RS port.
Proposal 14: For SFN scheme, support to indicate layer swapping for the second indicated precoder in DCI to construct the strongest layer for both indicated precoders for PT-RS and DMRS port association.

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 15: For mDCI based STxMP, support up to 2 layer transmission for a PUSCH.

Power sharing for two scheduled PUSCHs
For mDCI based STxMP, it is possible that the gNB schedules the two PUSCHs overlaps in time domain. Then the total transmission power in overlapped symbols may exceed the maximum transmission power as shown in Figure 2. When determining the transmission power for the PUSCH scheduled by the first DCI, the UE may or may not have decoded the second DCI, then it may or may not be able to determine the transmission power for the first scheduled PUSCH with regard to the second scheduled PUSCH. The UE may not be able to perform the dynamic power sharing for the two scheduled PUSCH, since the UE may not be able to “look ahead” a potential second scheduled PUSCH when determining the transmission power for the first scheduled PUSCH. Therefore, it is necessary to study the power sharing operation for the two scheduled PUSCHs.
[image: ]
Figure 2: A potential issue for power sharing for two scheduled PUSCHs in mDCI mode
Proposal 16: RAN1 shall study the power sharing for the PUSCHs from different panels.
Proposal 17: UE shall not be mandated to perform dynamic power sharing for the PUSCHs from different panels.

UCI multiplexing
For mDCI based STxMP, the gNB may schedule a PUCCH overlapped with two PUSCHs in time domain, as shown in Figure 3. Then it is necessary to study whether to multiplex the UCI on one of the two scheduled PUSCHs or both of the scheduled PUSCHs. To multiplex the UCI on one of the two scheduled PUSCHs may lead to smaller overhead, but it cannot achieve diversity gain. Further, it also needs to be studied which PUSCH should be selected. To multiplex the UCI on both of the scheduled PUSCHs may produce some diversity gain, but it may require higher overhead. Thus, it is necessary to study the UCI multiplexing related aspects at least for the case that a UE is scheduled with a PUCCH overlapping with two PUSCHs in time domain.
[image: ]
Figure 3: A potential issue for UCI multiplexing for mDCI based PUSCH
Proposal 18: Study the UCI multiplexing related aspects at least for the case that a UE is scheduled with a PUCCH overlapping with two PUSCHs in time domain.

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 19: 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 option 2 for layer combination indication for SDM scheme, which uses the SRS resource set indicator to indicate the L1 and L2 DMRS ports for each indicated TCI.
Proposal 7: Reuse the Rel-17 indication on the 2-bit SRS resource set indicator for SRS resource set indicator for SDM scheme.
Proposal 8: For maximum number of layers for sTRP operation, support option 1, where the maximum number of layers for sTRP transmission is configured by maxRank.
Proposal 9: For maximum number of layers for SDM scheme, support Alt1, where a second maximum number of layers is configured for SDM scheme.
Proposal 10: Support the UE to report the UE capability to indicate whether the UE supports 1 or 2 PT-RS ports for SDM scheme.
Proposal 11: The REs for PT-RS corresponding to one TPMI/SRIs are “available” for PUSCH resource mapping corresponding to another TPMI/SRI. 
Proposal 12: For SFN scheme, support to transmit the PT-RS and DMRS in SFN manner.
Proposal 13: For SFN scheme, support only 1 PT-RS port.
Proposal 14: For SFN scheme, support to indicate layer swapping for the second indicated precoder in DCI to construct the strongest layer for both indicated precoders for PT-RS and DMRS port association.
Proposal 15: For mDCI based STxMP, support up to 2 layer transmission for a PUSCH.
Proposal 16: RAN1 shall study the power sharing for the PUSCHs from different panels.
Proposal 17: UE shall not be mandated to perform dynamic power sharing for the PUSCHs from different panels.
Proposal 18: Study the UCI multiplexing related aspects at least for the case that a UE is scheduled with a PUCCH overlapping with two PUSCHs in time domain.
Proposal 19: Support to transmit UCI on two PUCCH resources, where each PUCCH resource is indicated with one TCI.
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