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Introduction
During RAN#94e, a new WID for Rel-18 MIMO evolution for DL and UL was agreed [1]. This contribution discusses the following objective: 
	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.



Discussion
The WID targets CPE/FWA/vehicle/industrial devices which have higher transmission power levels than handheld UE devices. RAN4 spec defines the maximum output power for various UE types in FR2, but RAN1 should further specify technical assumptions regarding the targeted devices (CPE/FWA/vehicle/industrial), for example, power class definition, panel switching latency among a pool of panels, antenna ports coherency between panels, and total UE power constraint etc.  
Table 1: 38.101-2 assumption of UE Types (Table 6.2.1.0-1)
	UE Power class
	UE type

	1
	Fixed wireless access (FWA) UE

	2
	Vehicular UE

	3
	Handheld UE

	4
	High power non-handheld UE

	5
	Fixed wireless access (FWA) UE

	6
	High Speed Train Roof-Mounted UE

	7
	RedCap UE



Beam Management for STxMP
For STxMP based PUSCH/PUCCH transmissions, 2 beams are indicated for transmission towards different TRPs from different UE panels. The first problem to be solved is how to identify two UL beams to support the simultaneous UL transmission during scheduling. The UE needs to inform the gNB whether the selected two beams from UE beam reporting can be simultaneously transmitted or not, and whether they can be transmitted from different panels.
After ruling out both introducing a new UL group-based beam reporting and enhancing the beam reporting with UE capability value set as potential enhancements, RAN1 had the following agreement: 
Agreement (RAN1#112be)	
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

For group based beam reporting in Rel-17 MTRP, if the UE is configured with the higher layer parameter groupBasedBeamReporting-r17, the UE shall report in a single reporting instance nrofReportedRSgroup, if configured, group(s) of two CRIs or SSBRIs selecting one CSI-RS or SSB from each of the two CSI Resource Sets for the report setting, where CSI-RS and/or SSB resources of each group can be received simultaneously by the UE. 
Regarding Alt 1 and Alt2, we do not see the merit in restricting the UE in determining the beams that can be transmitted simultaneously to only the beams that can be received simultaneously. Alt 3 is preferable since it enables more flexible reporting. 
For enhancing the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission, support:
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
Also note that the issue of compatibility of two beams being simultaneously transmitted is manageable when one node is doing the scheduling. This issue becomes more pronounced in multi-DCI STxMP where perhaps only semi-static coordination exists between the schedulers of the two TRPs.
Single-DCI based STxMP SDM PUSCH Scheme
Shared Antenna Ports
RAN1 had the following agreement: 
Working Assumption (RAN1#112)
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
The underlying assumption here is that RAN1 will only support panels with symmetric capabilities. This simplifies the STxMP design. In general, the association of a beam with a panel is not fixed. For example, if the UE is equipped with 4 panels with different capabilities, and 2 panels are used at a time for STxMP, the beam-panel capability association might change and perhaps RRC reconfiguration would be needed. However, this is not the case with symmetric capabilities, and this assumption simplified the STxMP transmission configuration.
The note in the working assumption above, mentions that RAN1 supports both implementations: digital ports are shared or separate among panels. When the digital ports are shared among the panels, it means the PUSCH ports as well as layers are shared. Therefore, RAN1 needed to resolve the last FFS on whether/how to enable that the total number of used PUSCH ports for SDM and sTRP to be the same for the case that digital ports are shared among panels. RAN1 discussed the following proposal in RAN1#112be but no agreement was made, and the discussion was pushed to RAN1#113.  
Proposal 1.3: For whether/how to enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same, down-select Option1 from the following options:
· Option 1: Support enhancement to enable this case and down-select one from the following alternative solutions:
· Alt1: The gNB configures separate codebook subsets for sTRP and STxMP SDM/SFN transmission. For example, codebook subset configured for STxMP SDM/SFN has precoders that only use part of the ports (e.g., 2 of all 4 ports).  For that, the UE can report separate codebook coherence capability for STxMP SDM/SFN scheme, which is different from the coherence capability reporting for sTRP transmission.
· Alt2: The gNB configures SRS resources with different number of ports in one SRS resource set for sTRP transmission and STxMP SDM/SFN transmission. For example, the gNB configures one 4-port SRS resource (for sTRP transmission) and one 2-port SRS resource (for STxMP SDM/SFN transmission) in one SRS resource set
· Alt3: The TPMI indicated for STxMP SDM/SFN transmission corresponds to a fixed/semi-static subset of the SRS ports. The gNB configures SRS resources with P ports. When the STxMP SDM/SFN scheme is indicated, each TPMI indicates precoder(s) with P/2 ports that correspond to a fixed/semi-static P/2 ports of the indicated SRS resource.
· Alt4: UE reports the supported subset of SRS ports of each panel for STxMP SDM/SFN. The gNB determines/configures the suitable codebook subset for STxMP SDM/SFN. If the UE does not report that, the gNB can assume that all SRS ports on each panel are available for STxMP SDM/SFN.
· Alt5: When the gNB indicates a coherent precoder for STxMP SDM/SFN transmission, the UE applies zeros to some row(s) in the precoder so that only part of the ports are used for STxMP SDM/SFN.
· Option 2: do not support enhancement to enable this case and no additional spec impact.
Note: this is optional UE feature and related UE capability details will be discussed in UE feature session.  
For Alt 1, there is concern on performance degradation. For example, when UE can use only 2 out of 4 ports per panel, then, for 2 layers per panel transmission, UE can use only TPMI indexes 0-5 that are only non-coherent transmission even though the UE panel might have coherent transmission capability. Atl2 creates additional SRS overhead, and it is argued that Alt3 and Alt5 introduce new codebooks. Finally, Alt4 is similar to Alt1 but with additional information on UE capability reporting, and as such the UE is not forced to use non-coherent transmission. 
For whether/how to enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same, support Option1 with either Alt1 or Alt4. 
SRI/TPMI field design for dynamic switching SDM vs sTRP
The codepoints 00 and 01 of the “SRS resource set indicator” in the DCI indicate sTRP transmission. However, it remains to decide how to design the SRI/TPMI field(s) in this case, and to subsequently determine the size of SRI/TPMI fields. It was agreed to have the following alternatives: 
· 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.

To compare the alternatives, suppose:
· X = bits needed for TPMI/SRI indication of sTRP and is a function of the maximal number of layers for sTRP
· Y = bits are needed per TPMI/SRI field for SDM and is a function of the maximal number of layers for SDM
· X ≥Y
Then,
· For Alt1, the DCI field size is determined as follows:
· The size of 1st TPMI or SRI field is max(X,Y) for CB and NCB.
· The size of 2nd TPMI or SRI field is Y
· Total size = X+Y
· Zero padding happening at the field level when switching between SDM and sTRP. 


· For Alt2, the DCI field size is determined as follows:
· When sTRP is indicated, field size = X
· When SDM is indicated: field size = 2Y
· Total size = max(X,2Y)
· Zero padding to the end of DCI is to align the DCI size of sTRP and SDM.


· For Alt3, the DCI size is determined as follows:
· When SDM is indicated: field size = 2Y
· When sTRP is indicated, 
· If X > 2Y, field size = X, and additional bits are appended to concatenated bits. Zero padding to the end of DCI is to align the DCI size of sTRP and SDM.
· If X < 2Y, field size = X and zero padding to the end of DCI is to align the DCI size of sTRP and SDM.
· Total size = max(X,2Y)


· For Alt4, the DCI size is determined as follows:
· The size of 1st TPMI or SRI field is max(X,Y) =  X.
· The size of 2nd TPMI or SRI field is max(X,Y) =  X.
· Total size = 2X

Choosing the right alternative is affected by whether RAN1 supports the case of shared PUSCH ports between two panels for STxMP transmission or not. If only the case of separate digital ports is supported, then maxRank and number of PUSCH ports per SRS resource set is the same for both sTRP and SDM. In this case, we prefer Alt1. 
For codepoints 00 and 01 (single TRP transmission) of “SRS resource set indicator” in DCI, the SRI/TPMI fields are designed as follows:
· In case shared ports architecture is supported, choose Alt3. Otherwise, choose Alt1. 
Single-DCI based STxMP SFN PUSCH scheme
Similar to SDM scheme single-DCI based STxMP transmission, it was agreed in RAN1#110bis-e to support SFN scheme of single-DCI based STxMP PUSCH. 
The difference between the SDM and SFN single-DCI based STxMP transmission schemes, is that the number of layers for SFN STxMP is indicated only by SRI/TPMI associated with one of the SRS resource sets. For CB-PUSCH, the second TPMI field only contains TPMIs corresponding to the indicated rank of the first TPMI field. For non-codebook PUSCH, the second SRI field only contains the SRI(s) combinations corresponding to the indicated rank of the first SRI field. 

The maximum number of layers in SFN scheme needs to be determined. In RAN1#112, the following was agreed, hence configuring a separate parameter for the maximal number of layers for STxMP SFN. 

Agreement (RAN1#112)
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

Therefore, we propose to have a maximum 2 layers per panel for STxMP PUSCH which is aligned with the WID as well. 

SFN-based transmission scheme for STxMP PUSCH supports a maximum 2 layers per panel. 
Multi-DCI based STxMP
In STxMP PUSCH + PUSCH transmission, the two PUSCH transmissions from the two different panels can overlap with a UCI, and hence RAN1 needs to decide which PUSCH to multiplex the UCI on. In Release 15, the priority order is: PUSCH with A-CSI reporting->DG PUSCH (over CG PUSCH)->PUSCH with lowest CC index->PUSCH with earliest start time.  Two options were first discussed in RAN1#112be:
· Option 1: the UCI is multiplexed into the PUSCH associated with the same panel/TRP. And among the PUSCHs associated with the same panel/TRP, the legacy PUSCH priority order for UCI multiplexing is applied. 
· 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 to the PUSCH according to a panel/TRP/SRS resource set rule. 

Multiple issues stuck out during the discussion. The first was that option 2 does not work for the case of non-ideal backhaul (typical case for multi-DCI multi-TRP transmission) where the first TRP does not have the whole picture about the scheduling in the second TRP. For example, when ackNackFeedbackMode = separate, Option 2 for Case 1 in Fig. 1 below results in the UCI being multiplexed on the PUSCH from the other TRP, that might not be aware of its presence due to non-ideal backhaul assumptions. 
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Fig1: Examples provided by Samsung during FL summary to demonstrate Option 1/2 behavior.
On the other hand, when ackNackFeedbackMode = joint, Option 1, for example for Case 1 in Fig 1., would result in the HARQ-ACK being multiplexed on the CG PUSCH and not on the DG PUSCH in the first case, which is different than legacy behaviour, and would result in undetermined/error case for the second case. Moreover, when ackNackFeedbackMode = separate, option 1 for Case 1 supports multiplexing the UCI with coresetPoolIndex 0 into PUSCH with coresetPoolIndex 0, which again is not supported in legacy: 
A UE that
-	is not provided coresetPoolIndex or is provided coresetPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided coresetPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ackNackFeedbackMode = separate
does not expect a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the first CORESETs to overlap in time with a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the second CORESETs.
However, for the latter case, this restriction in legacy behaviour is not reasonable anymore, since when UCI overlaps with PUSCH+PUSCH in Rel-18 for the non-ideal backhaul case, then the UCI can be multiplexed with the PUSCH from the same TRP. 
It was also discussed that when the UCI does not include HARQ-ACK (CSI or SR), the behaviour is the same as having joint HARQ-ACK codebook in Rel-16, and therefore it can be multiplexed on PUSCH associated with either coresetPoolIndex values. But despite that, some companies think it is beneficial if it is multiplexed on PUSCH associated with same panel/TRP as the PUCCH. 
Therefore Option 3 was introduced to resolve all the above issues.  
· [bookmark: _Hlk134704765]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.

On another note, we have the following two agreements in RAN1 under AI 9.1.1.1: 
Agreement (RAN1#111)
On unified TCI framework extension for M-DCI based MTRP, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to PUSCH transmission scheduled/activated by PDCCH (including DG-PUSCH and Type2 CG-PUSCH) on a CORESET that is associated with the same coresetPoolIndex value.
Agreement (RAN1#112be)
On unified TCI framework extension for M-DCI based MTRP, support at least Opt2 for PUCCH transmission, and Opt1 is not supported. 
· Opt2: An RRC configuration can be provided per PUCCH resource/resource group to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding PUCCH transmission, where the first and the second indicated joint/DL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
· Note: Opt3 and Opt4 are not precluded
Based on the above agreements, we address the FFS in Option 3 as follows:
For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, support 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 the PUSCH associated with the same joint or UL TCI state.
· 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. 
· For determining the PUSCH associated with the same TRP, The UCI is multiplexed in the PUSCH associated with the same joint or UL TCI state.
Conclusions
Based on the discussion above, we propose the following:
1. For enhancing the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission, support:
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
For whether/how to enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same, support Option1 with either Alt1 or Alt4. 
For codepoints 00 and 01 (single TRP transmission) of “SRS resource set indicator” in DCI, the SRI/TPMI fields are designed as follows:
· In case shared ports architecture is supported, choose Alt3. Otherwise, choose Alt1. 
SFN-based transmission scheme for STxMP PUSCH supports a maximum 2 layers per panel. 
For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, support 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 the PUSCH associated with the same joint or UL TCI state.
· 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. 
· For determining the PUSCH associated with the same TRP, The UCI is multiplexed in the PUSCH associated with the same joint or UL TCI state.
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Older Agreements
During RAN1#112 meeting, the following agreements were made:
Conclusion 1 (RAN1#112)
There is no consensus to support dynamic switching between STxMP SDM/SFN scheme and Rel-17 mTRP PUSCH TDM scheme

Conclusion 2 (RAN1#112)
There is no consensus to support 2 CWs in single-DCI based STxMP SDM scheme

Agreement 1 (RAN1#112)
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
· In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.

Agreement 2 (RAN1#112)
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  1 (RAN1#112)
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 3 (RAN1#112)
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 4 (RAN1#112)
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 5 (RAN1#112)
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 6 (RAN1#112)
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 7 (RAN1#112)
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.

During RAN1#112be meeting, the following agreements were made:
Agreement 1 (RAN1#112be)
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 2 (RAN1#112be)
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 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 3 (RAN1#112be)
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 4 (RAN1#112be)
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 1 (RAN1#112be)
· 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 5 (RAN1#112be)
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.
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