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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One of Rel-18 MIMO evolution WID scops is to support simultaneous multi-panel UL transmission as highlighted in the approved WID[1]:
	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 RAN1#109e, the following agreements were reached[3]:
	Agreement
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2} 


In RAN1#110bis, the following agreements were further reached [3]:
	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.
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


The following agreements were reached in RAN1#110bis
	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


The following agreements were reached in RAN1#111
	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
· 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.




Agreements made in RAN1#112：
	Agreement
Confirm the working assumption with the following updates:
Support the following scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme with one CW
Agreement
When max 2 PTRS ports are configured for SDM scheme of single-DCI based STxMP PUSCH:
· Actual number of PTRS ports in SDM is 2 and 2-bit “PTRS-DMRS association” DCI field is used to indicate the PTRS-DMRS association for the DMRS ports associated with two TMPI/SRI fields.
· The MSB indicates the association between PTRS port 0 and the DMRS port(s) associated with the first TPMI/SRI field.
· The LSB indicates the association between PTRS port 1 and the DMRS port(s) associated with the second TPMI/SRI field. 
· Regarding the “ptrs-PortIndex” configured to SRS resource for NCB PUSCH of SDM scheme, the UE ignores the configuration of “ptrs-PortIndex” per SRS resource.
FFS: Whether additional RRC configuration is needed for the max number of PTRS ports for SDM transmission

Working Assumption
For dynamic switching between STxMP SDM scheme and sTRP transmission, support the following:
· For sTRP transmission: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) as in current spec (i.e., Option 1)
· For SDM scheme: configure one single maximal number of layers (separate from maxRank (or Lmax) for sTRP) that is applied to the first SRS resource set and the second SRS resource set, separately (i.e., Alt1)
· FFS: Whether/How to enable that the total number of used PUSCH antenna ports for the SDM and sTRP is the same. 
· Note: This corresponds to the case that digital ports are shared between the panels
· Note: RAN1 supports both implementations that digital ports are shared or separate among panels

Agreement
For multi-DCI based STxMP PUSCH+PUSCH, study enhancements of the UCI multiplexing rule to address the case that one PUCCH overlaps with two overlapped PUSCHs of STxMP PUSCH+PUSCH:

Agreement
On dynamic switching between STxMP SFN scheme and sTRP transmission:
· The legacy maxRank/Lmax is applied to sTRP transmission
· For configuration of SFN,
· Alt2: Configure a separate parameter for the maximal number of layers for STxMP SFN

Agreement
To support indicating DMRS ports in different CDM groups for layer combination {1+2} in SDM
· Add new entry {0, 2, 3} to the DMRS table for the layer combination {1+2}; 
· This is optional UE capability for UE that supports sDCI based STxMP SDM

Agreement
For single-DCI based STxMP SFN scheme,
· Alt2: When maxNrofPorts = 2 is configured for PTRS in SFN scheme, the actual number of PTRS port(s) in SFN is determined by the 1st TPMI field for CB or 1st SRI field for NCB
· Each PTRS port is transmitted in SFN manner

Agreement
Among the two SRS resource sets configured for multi-DCI based STxMP PUSCH+PUSCH, the SRS resource set with lower set ID is the first SRS resource set.


The following agreements were reached in RAN1#112bis:
	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.
Agreement
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SFN and sTRP transmission are interpreted and the design of SRI/TPMI fields are 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 the design of SRI/TPMI fields, re-use the design that is decided for dynamic switching between STxMP SDM and sTRP transmission.
· The codepoint 10 indicates STxMP SFN 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 second SRS resource set and they indicate the precoder(s)/SRI for the second SRS resource set (the rank is indicated by the first SRI field for NCB or the first TPMI field for CB)
· FFS: The codepoint 11 is reserved.

Agreement
For STxMP PUSCH+PUSCH transmission in multi-DCI based system:
· The maximal number of layers of each PUSCH of PUSCH+PUSCH overlapping in time domain can be 1 or 2 subject to UE capability.

Agreement
Enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission and down-select one in RAN1#113 meeting:
· Alt1: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and the reported pair of CRIs or SSBRIs can be received simultaneously.
· Alt2: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.
· Alt3: In each reported pair of CRIs or SSBRIs, UE indicates if the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and/or if the reported pair of CRIs or SSBRIs can be received simultaneously.
· FFS: Introduce an indicator to support the above, and the number of bits and interpretation of each codepoint of the indicator
Conclusion
· RAN1 has no consensus to support the following in Rel-18:
· Configure different number of SRS resources in the two SRS resource sets for CB (if fullpowermode 2 is not configured) or NCB for single-DCI based STxMP transmission.
· For CB PUSCH, the two SRS resources indicated by two SRI fields for single-DCI based STxMP transmission can have different number of SRS ports.
· For the two SRS resource sets configured for multi-DCI based STxMP PUSCH+PUSCH in Rel-18,
· Legacy Rel-17 specification is reused with respect to the maximal number of SRS resources/ports in each set
FFS: whether/how to support two different configurations with regards to full power mode and antenna port coherency type among SRS resource sets.

Agreement
For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, down-select one for the UCI multiplexing:
· Option 1: the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· Option 2: the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· Option 3: 
· When joint HARQ-ACK feedback is configured, the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· When separate HARQ-ACK feedback is configured, at least when the UCI includes HARQ-ACK, the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· FFS: When the UCI does not include HARQ-ACK (CSI and/or SR), whether to follow the same behavior as above, or to follow the behavior of the case that joint HARQ-ACK feedback is configured.
· Note: Here using joint HARQ-ACK feedback and separate HARQ-ACK feedback is mainly for discussion purpose. FFS: whether to introduce a new RRC parameter to indicate that.
· FFS the impact of the following legacy restriction on the above options: when separate HARQ feedback is configured, a PUCCH transmission triggered by DCI associated with one coresetPoolIndex cannot overlap in time with a PUSCH transmission triggered by DCI associated with another coresetPoolIndex.
· Note: each of the above options is applied to the system when the system is configured with multi-DCI based STxMP PUSCH+PUSCH.




In this contribution, we provide our views on the UL precoding indication mechanism for multi-panel transmission.
Discussion
Single-DCI based multi-panel UL transmission 


[bookmark: _Ref100930836][bookmark: OLE_LINK2]Figure 1 Illustration of multi-panel PUSCH mode 1
An STxMP mode 1 is illustrated in Figure 1, where two panels are equipped for the UE for simultaneous UL transmission and each panel is assumed to have four antenna ports, i.e., antenna port 1000, 1001, 1002, 1003 of a panel. A single-DCI based multi-panel/TRP PUSCH scheme is provided in Figure 1, a PUSCH with 3 layers is scheduled to be transmitted by both panel#0 and panel#1, where the first and the second PUSCH layers are transmitted by PUSCH antenna port 1000, 1001, 1002, 1003 of panel#0 to TRP#0 according to the first TCI state, and the third PUSCH layer is transmitted by PUSCH antenna port 1000, 1001, 1002, 1003 of panel#1 to TRP#1 according to the second TCI state. To better support codebook based PUSCH transmission, two panels should have the same number of antenna ports and the same coherent capability. This requirement also applies to multi-DCI based multi-panel/TRP PUSCH transmission.
[bookmark: _Toc101530805][bookmark: _Toc101536959][bookmark: _Toc101538843][bookmark: _Toc101688981][bookmark: _Toc101712285][bookmark: _Toc101716065][bookmark: _Toc111038640][bookmark: _Toc111106847][bookmark: _Toc111192482][bookmark: _Toc115266905][bookmark: _Toc115332785][bookmark: _Toc118387687][bookmark: _Toc118464623][bookmark: _Toc127449428][bookmark: _Toc127537497][bookmark: _Toc134731042][bookmark: _Toc134731130][bookmark: _Toc134731160][bookmark: _Toc134797492]The same number of antenna ports and the coherent capability for each panel is assumed for both single-DCI and multi-DCI simultaneous multi-panel UL transmission.

[bookmark: _Toc134731043]It has been agreed to support dynamic switching between STxMP SDM and sTRP transmission by the “SRS resource set indicator” field with the following interpretation:
· [bookmark: _Toc134731044]The codepoint 00 indicates the first SRS resource set is used for sTRP based PUSCH transmission
· [bookmark: _Toc134731045]The codepoint 01 indicates the second SRS resource set is used for sTRP based PUSCH transmission
· [bookmark: _Toc134731046]The codepoint 10 indicates the both SRS resource sets are used for STxMP SDM based PUSCH transmission
· [bookmark: _Toc134731047]The codepoint 11 is reserved.
[bookmark: _Toc134731048]When STxMP SDM based PUSCH is indicated, two SRI fields and two TPMI fields are used to indicate the precoding information for two SRS resource sets. In detail, 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. However, for the SRI/TPMI design for codepoint 00 and 01, different alternatives were provided for down-selection as follows:
· [bookmark: _Toc134731049]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.
· [bookmark: _Toc134731050]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. 
· [bookmark: _Toc134731051]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.
· [bookmark: _Toc134731052]Alt4: the DCI has two SRI fields and two TPMI fields.
· [bookmark: _Toc134731053]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. 
· [bookmark: _Toc134731054]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.
[bookmark: _Toc134731055]Among all the 4 alternatives, Alt4 has largest SRI/TPMI overhead, therefore, it should be firstly precluded. Alt1 may have larger SRI/TPMI overhead compared with Alt2 and Alt3 in some case, but it corresponds to simple UE/gNB behavior. Actually, Alt2 and Alt3 have the same DCI overhead. With Alt2, the single TPMI/SRI field will be split to two parts for when STxMP SDM PUSCH is scheduled, while with Alt3, the two SRI/TPMI fields will be concatenated as a single TPMI or SRI field for sTRP. With Alt3, each of the two TPMI/SRI field has fixed bitwidth. However, the concatenated bits may not be sufficient for sTRP PUSCH scheduling in some cases and additional bits should be appended to the concatenated bits. For  Alt3, the bitwidth of each TPMI/SRI part may be variable depending on the scheduled scheme. Please note that Alt1 has been specified in Rel-17 for MTRP based PUSCH repetition. To simply the UE behavior, we support Alt1.
[bookmark: _Toc134731056][bookmark: _Toc134731131][bookmark: _Toc134731161][bookmark: _Toc134797493]For the SRI/TPMI indication to support dynamic switching between STxMP SDM and sTRP transmission, 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.
[bookmark: _Toc134731057][bookmark: _Toc134731132]The same scheme can be reused for the SRI/TPMI field design for dynamic switching between STxMP SFN and sTRP transmission.
[bookmark: _Toc134731058][bookmark: _Toc134731133]Another issue is whether and how to support shared digital ports architecture for SMxTP transmission. With this type of UE device, the maximum number of used PUSCH antenna ports for sTRP is the same as that for STxMP SDM/SFN. For example, if the UE has total number of 4 coherent antenna ports, when sTRP PUSCH is scheduled, all 4 antenna ports can be used for a PUSCH layer transmission; when STxMP SDM PUSCH is scheduled, only part of antenna ports, e.g., 2 out of 4 antenna ports, can be used for each PUSCH layer transmission. In other words, when a UE reports a fully coherent UE capability with 4 antenna ports, all fully coherent precoders can be used for sTRP PUSCH scheduling, while only partial or non-coherent precoders can be used for STxMP SDM/SFN PUSCH scheduling. In Rel-15, if a UE reports a FullyAndPAndPartialAndNonCoherent capability, all the fully coherent precoders, partial coherent precoders and non-coherent precoders can be used for PUSCH scheduling. By implementation, gNB can indicate fully coherent precoders for sTRP PUSCH scheduling or indicating part of partial or non-coherent precoders for STxMP SDM/SFN PUSCH scheuling and ensure that the antenna ports with data assignment indicated for different pannels are different. 
[bookmark: _Toc134731059][bookmark: _Toc134731134][bookmark: _Toc134731162][bookmark: _Toc134797494]Shared digital ports for multi-panel UE transmission can be supported by gNB implementation.

Multi-DCI based multi-panel UL transmission 
In Rel-17, only one PUSCH or one PUCCH can be transmitted in a time instance, as a result, only two non-overlapped PUCCH resources can be transmitted in a slot for UCI transmission. For example, when separate ACK feedback is configured for M-DCI MTRP, the PUCCH resources carry the HARQ-ACK codebook for different TRPs should be transmitted with TDM manner. With STxMP, two overlapped PUSCHs can be transmitted in a time instance. New UCI multiplexing rule is required for high efficient UCI multiplexing considering STxMP PUSCH transmission. Similar problem arises in the case of 8TX antenna when two codewords are transmitted in PUSCH. For that case it has been agreed in RAN1#112 meeting that the UCI is multiplexed only in one of the two codewords. The same principle should be extended to mDCI STxMP when two PUSCH are transmitted in the same slot by the two panels, so the UCI should be multiplexed to only one of the two PUSCHs. To ease UE implementation, UCI is multiplexed on PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied.

[bookmark: _Toc134731060][bookmark: _Toc134731135][bookmark: _Toc134731163][bookmark: _Toc134797495]When one PUCCH overlaps with two overlapping PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied.
Enhancement on beam report to support STxMP 
To support STxMP PUSCH transmission, two TCI states should be indicated for a schduled SDM PUSCH or one SFN PUSCH. Beam management should also be enhanced to support this feature. Group based beam report was specified in Rel-15 and was ferther enhanced in Rel-17 to support multi-beam simultaneous reception. For a group based beam report, the gNB shall assume that the beams corresponding to each reported pair of CRIs/SSBRIs can be simultaneously received by the UE. Similar schemes can be considered for STxMP based beam report. For example, the gNB can configure two CMRs for a CSI report configured with group-based beam report dedicated for STxMP UL transmission. The UE can report two beams selected from two CMR, respectively, which can be used for simultaneous UL transmitions. 
[bookmark: _Toc134731061][bookmark: _Toc134731136][bookmark: _Toc134731164][bookmark: _Toc134797496]The UE can be configured with one or more group-based beam reports for STxMP UL transmission, and in each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.
Conclusion
In this contribution, we provide the following proposals:
Proposal 1	The same number of antenna ports and the coherent capability for each panel is assumed for both single-DCI and multi-DCI simultaneous multi-panel UL transmission.
Proposal 2	For the SRI/TPMI indication to support dynamic switching between STxMP SDM and sTRP transmission, 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.
Proposal 3	Shared digital ports for multi-panel UE transmission can be supported by gNB implementation.
Proposal 4	When one PUCCH overlaps with two overlapping PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied.
Proposal 5	The UE can be configured with one or more group-based beam reports for STxMP UL transmission, and in each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.

References
[1] RP-213598 New WID: MIMO Evolution for Downlink and Uplink
[2] Chairman Notes of RAN1#109
[3] Chairman Notes of RAN1#110
[4] Chairman Notes of RAN1#110bis-e
[5] Chairman Notes of RAN1#111
[6] Chairman Notes of RAN1#112

image1.emf
TRP#0

0

1

2

3

0

1

2

3

UE

Panel#0 Panel#1

PUSCH/SRS port 1000

PUSCH/SRS port 1001

PUSCH/SRS port 1002

PUSCH/SRS port 1003

PUSCH/SRS port 1000

PUSCH/SRS port 1001

PUSCH/SRS port 1002

PUSCH/SRS port 1003

SRS resource set#0 SRS resource set#1

TRP#1


Microsoft_Visio_Drawing.vsdx
TRP#0
0
1
2
3
0
1
2
3
UE
Panel#0
Panel#1
PUSCH/SRS port 1000
PUSCH/SRS port 1001
PUSCH/SRS port 1002
PUSCH/SRS port 1003
PUSCH/SRS port 1000
PUSCH/SRS port 1001
PUSCH/SRS port 1002
PUSCH/SRS port 1003
SRS resource set#0
SRS resource set#1
TRP#1

The 1st TCI state
The 2nd TCI state
1st PUSCH layer
2nd PUSCH layer
3rd PUSCH layer



