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1. Introduction
As approved in RAN#94-e meeting, multi-panel UL transmission related enhancements include the following objectives [1]:
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 this contribution, further discussion on enhancements for STxMP PUSCH + PUSCH transmission with single DCI and multi-DCI based transmission, SFN based PUCCH transmission and group-based beam reporting enhancement are discussed.
2. Enhancements on STxMP PUSCH transmission
2.1 SDM based PUSCH transmission
In RAN1#112bis-e meeting [2], the codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP and configurations for the maximum number of SRS resources are discussed. In the following sections, PTRS-DMRS association scheme and dynamic switching between SDM and sTRP transmission will be discussed.
2.1.1 PTRS-DMRS association
In RAN1#112 meeting [3], following agreement was achieved:
	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


According to the agreement, the remaining issue is whether additional RRC configuration is needed for the max number of PTRS ports for SDM transmission. In RAN1#112bis-e meeting [2], following proposal was discussed:
	Proposal 1.6: Introduce an additional RRC parameter for the max number of PTRS ports for STxMP SDM scheme.


For Rel-18, there is no parameter to configure the max PTRS port number for SDM scheme. If using the legacy RRC parameter maxNrofPorts for both sTRP and SDM scheme, when maxNrofPorts is configured 2, according to the agreement, the actual number of ports for SDM is always 2 while it can be 1 or 2 for sTRP scheme.  If the actual number of PTRS ports is 1 for sTRP, which can be a possible case, it will limit the TPMI(s) indication for the sTRP scheme. Some non/partial-coherent TPMIs cannot be indicated as they result in 2 actual PTRS ports in this case. Such issue can be resolved by configuring two separate RRC parameters for the sTRP and SDM transmission, respectively. The actual number of ports for sTRP can be 1 by configuring maxNrofPorts 1 for sTRP while the number of ports for SDM can still be 2 as it is configured using a separate RRC parameter. 
Proposal 1: Support to introduce an addiction RRC parameter for the max number of PTRS ports for STxMP SDM scheme.

2.1.2 Dynamic switching between SDM and sTRP transmission
In RAN1#112 meeting [2] and RAN1#111 meeting [3], following agreements and working assumptions for the configuration of maximal number of layers for dynamic switch between sTRP vs SDM and DCI design have been made:
	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:
· [bookmark: _Hlk127792363]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.
· [bookmark: _Hlk127792398]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.

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


According to the agreements, the configuration of maximal number of layers of sTRP and SDM scheme needs to be confirmed. For the maximal number of layers for sTRP transmission, one straightforward way is that the maximal number of layers of sTRP transmission can be configured by the maxRank (or Lmax). In this case, the maximal number of layers is aligned with the max rank to save potential extra UE cost. Similarly, for SDM transmission, configure one maximal number of layers can save the configuration overhead.
Proposal 2: Confirm the first two bullets of the working assumption regarding the maximal number of layers for sTRP and SDM transmission.
Regarding whether/how to enable the total number of used PUSCH antenna ports for the SDM and sTRP, it was discussed in RAN1#112bis-e meeting and a proposal was given as follows [2]:
	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, 
· 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.
· Note: This is an optional UE feature and related UE capability details will be discussed in UE feature session.
· Note: If RAN1 cannot make a down-selection in RAN1#113, the above feature will not be supported in Rel-18. 
Objected by MediaTek



It is our view that the total number of antenna ports for the SDM and sTRP can be different. When the two panels can transmit different number of ports, in this case, it is straightforward that the total number of used PUSCH antenna ports for SDM or sTRP can be different. Thus, it is not necessary to restrict the number of both to be the same. Besides, such enhancement means that shared digital ports are supported in Rel-18. We did not see significant performance gain with such enhancement while listed alternatives can cause more design complexities, power consumption and spec impact.
Proposal 3: Confirm the conclusion that RAN1 has no consensus to support enhancement to enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same.
Other remaining issues include interpreting codepoints of “SRS resource set indicator”, determining the size of each DCI field and aligning the DCI size for sTRP transmission and SDM transmission. In RAN1#112bis-e meeting [2], following agreement for interpreting codepoints of “SRS resource set indicator” is achieved:
	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.


Regarding the interpretation of the codepoint 00 and 01 of “SRS resource set indicator” for SRI/TPMI field design, the indication table from Rel-17 can be reused accordingly. Other alternatives will lead to extra DCI size alignment issues or more complicated design (e.g., provision the DCI payload depending on codebook subset restriction from network side.) Also, reuse the legacy scheme has less spec impact. In detail, following interpretations are proposed: The SRS resource set indicator codepoint 00 and 01 indicate sTRP transmission with the 1st SRS resource set and the 2nd SRS resource set, respectively. The first TPMI indicates the precoding/rank for CB PUSCH or first SRI field indicates precoding/rank NCB PUSCH. (The second field are reserved). The codepoint 11 of SRS resource set indicator is reserved. 
Proposal 4: For the codepoint of the “SRS resource set indicator” for SRI/TPMI field design, support alt1:
· 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.
The codepoint 11 is reserved.
Regarding the design for TPMI/SRI field of DCI, one possible method is that the bitwidth of the first TPMI/SRI field is determined based on the maximal number of layers of sTRP when the DCI indicates sTRP transmission, while the bitwidth of the first TPMI/SRI is determined based on the maximal number of layers of the first SRS resource set in SDM when the DCI indicates SDM transmission. Compared with another potential solution that the bitwidth of the first TPMI/SRI field is determined based on maximal value for either the maximal number of layers of sTRP or the SDM transmission, this can reduce the overhead of the DCI signaling. When UE is configured with maxRank=3 or 4 for sTRP transmission, and codebookSubset = partialAndNonCoherent, using the above solution, it can confirm that the first TMPI field contains 6 bits while the second TMPI field contains 4 bits (or reserved). In this way, 1 bit is saved compared with the above alternative solution that leads to a 6+5 bits combination. 
Proposal 5: The size of the first TPMI/SRI is determined based on the maximal number of layers of sTRP when the DCI indicates sTRP transmission, while the size of the first TPMI/SRI is determined based on the maximal number of layers of the first SRS resource set in SDM when the DCI indicates SDM transmission. 

2.2 SFN based PUSCH transmission
In RAN1#112bis-e meeting [2], the codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SFN and sTRP were discussed. In the following sections, we will discuss the DMRS indication, PTRS-DMRS association scheme, dynamic switching for SFN based PUSCH transmission.
2.2.1 PTRS-DMRS association
In RAN1#112 meeting [3], the following agreement was achieved:
	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


According to the agreement, the actual number of PTRS port(s) in SFN is determined by the 1st TPMI field for CB or 1st SRI field for NCB. In order to simplify design, it can be assumed that the coherent types of the two panels are the same for CB, and the actual number of PTRS port(s) can be determined by coherent type of the precoder indicated by the 1st TPMI field. In other words, PTRS-DMRS association method defined in Rel.15 can be reused, and UE doesn’t expect that coherent types indicated by the two TPMI fields are different.
Similarly, Rel.15 mechanism can also be reused for NCB. Parameter ptrs-PortIndex is configured for each SRS resource, and the actual number of PTRS port(s) depends on the number of PTRS port indexes indicated by the 1st SRI field. UE doesn’t expect that the number of PTRS port indexes indicated by two SRI fields are different.
Proposal 6: Rel-15 PTRS-DMRS association method is supported for SFN scheme. 

2.2.2 Dynamic switching between SFN and sTRP transmission
In RAN1#112bis-e meeting [2], following agreement on the codepoint design regarding the SRS resource set indicator was achieved: 
	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 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.


One remaining issue is the interpretation of the codepoint 11 of “SRS resource set indicator” in DCI for dynamic switching between STxMP SFN and sTRP transmission. As this issue is also discussed for the SDM scheme, we follow the same interpretation of the codepoints to align both the schemes.
Proposal 7: The codepoint 11 is reserved of “SRS resource set indicator” in DCI for dynamic switching between STxMP SFN and sTRP transmission.

2.3 M-DCI based PUSCH transmission
In RAN1#112bis-e meeting, SRS resource set configuration and UCI multiplexing was discussed and some initial conclusion and agreement were made. In this section, remaining issues in M-DCI based STxMP PUSCH transmission are discussed.
2.3.1 UL precoding indication
In RAN1#112bis-e meeting [2], the following conclusion related to SRS resource (set) configuration for M-DCI based STxMP PUSCH transmission was made. The remaining issue is whether/how to support two different configurations with regards to full power mode and antenna port coherency type among SRS resource sets. 
	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.


In Rel-16 M-DCI based PUSCH transmission, two scheduled PUSCHs that are non-overlapped in time domain are transmitted by one panel in different time instants or by two different panels in different time instants. These two PUSCHs are associated with the same SRS resource set and share the same precoding related configurations (e.g., maxRank, codebookSubset and ul-FullPowerTransmission, etc.). 
In Rel-18 M-DCI based STxMP PUSCH transmission, two scheduled PUSCHs are associated with two different SRS resource sets, respectively. Similarly, precoding related parameters of these two PUSCHs/panels can also be configured separately. 
Proposal 8: Two different configurations with regards to maxRank, codebookSubset and ul-FullPowerTransmission among SRS resource sets are supported.
2.3.2 Simultaneous transmission of PUCCH and PUSCH
In RAN1#112bis-e meeting [2], the following agreement related to UCI multiplexing was achieved, three options of multiplexing rules were provided and further down-selection is needed.
	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 current specification, a PUSCH selection/priority rule is specified for UCI multiplexing when multiple PUSCHs are transmitted in multiple serving cells. PUSCH is selected according to the following order: aperiodic CSI > DG PUSCH > PUSCH with the smallest ServCellIndex > the earliest PUSCH that the UE transmits in the slot. For the case that two overlapped PUSCHs are transmitted in one serving cell, three options are agreed to modify the above selection rule. 
In option 1, the legacy PUSCH priority order for UCI multiplexing is applied within each TRP. This option can ensure that TCI state of UCI/PUCCH is not changed after UCI multiplexing. Correspondingly, the target TRP of the PUCCH is not changed and the signaling exchange between two TRPs can be avoided. 
In option 2, the simultaneously transmitted two PUSCHs have the lowest priority and the PUSCH selection rule is updated as follows: aperiodic CSI > DG PUSCH > PUSCH with the smallest ServCellIndex > the earliest PUSCH that the UE transmits in the slot > one of the simultaneously transmitted PUSCHs with the same start time in one same CC. If UE would transmit PUCCH and PUSCH 1 to TRP 1 and transmit PUSCH 2 to TRP 2, PUSCH 2 might be selected if it carries aperiodic CSI or is scheduled by DCI or has smallest ServCellIndex. Then, signaling exchange between two TRPs is needed after TRP 2 receives the UCI signaling. 
In option 3, two priority rules proposed in option 1 and option 2 are combined and they are adopted with different conditions. With joint HARQ-ACK feedback, signaling exchange between two TRPs is necessary and PUCCH can be transmitted to any one of the TRP. In this case, priority rules defined in option 2 is supported. Actually, both option 1 and option 2 can work. Separate HARQ-ACK feedback can be applied in non-ideal backhaul scenario in which only long term information or signaling can be exchanged by two TRPs. In this case, priority rule defined in option 1 is more proper. When the UCI does include HARQ-ACK, which priority rule is supported needs further discussion.
Actually, all these three options can work and priority rule defined in option 1 can be applied in any case. In order to avoid signaling exchange between two TRPs and minimize standardization effort, option 1 is preferred.
If option 1 is adopted, how to determine the PUSCH associated with the same TRP as the PUCCH is for further study. The association between PUSCH (including DG-PUSCH and CG-PUSCH) and TRP can be established through parameter coresetPoolIndex, SRS resource set or TCI state. However, how to determine the association between PUCCH and TRP is an issue. According to the agreement of unified TCI session, 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. Therefore, the introduced RRC parameter can be used to establish the association between PUCCH and TRP. Correspondingly, the PUSCH which have the same TCI state as the PUCCH can be selected for UCI multiplexing.
Proposal 9: For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, option 1 is supported 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. .
· The PUSCH which have the same TCI state as the PUCCH can be selected for UCI multiplexing.
If one PUCCH is overlapped with two PUSCHs, the PUCCH is not transmitted after UCI multiplexing. If one PUCCH is overlapped with one PUSCH, and they are associated with different TRPs, UE won’t multiplex UCI carried by PUCCH in the PUSCH. However, according to WID, only PUSCH+PUSCH or PUCCH+PUCCH are supported. Therefore, mechanisms (e.g., multiplexing or dropping) are needed to avoid simultaneous transmission of PUCCH and PUSCH. In this case, two channels may carry different types of information, have different priority indices, and be corresponding to different coresetPoolIndex values, CC index. Then the priority orders of the above-mentioned factors should be studied. On the other hand, UCI multiplexing between different TRPs can also be considered to ensure that information carried in both PUSCH and PUCCH can be transmitted.
Proposal 10: Mechanisms (e.g., multiplexing or dropping) are needed to avoid simultaneous transmission of PUCCH and PUSCH.
· UCI multiplexing within one TRP or between two TRPs can be considered.
· Dropping rules which are related to information type, priority index, coresetPoolIndex value, and CC index can be further considered.

2.3.3 [bookmark: _Ref131279395]Simultaneous transmission of PUSCH and PUSCH
In RAN1#112bis-e meeting [2], following agreement was achieved:
	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


For the UL STxMP transmission using M-DCI scheme, when two PUSCHs are overlapped in the time domain, if the total number of transmission layers of two PUSCHs is larger than the maximal number of layers for the mTRP, the two PUSCHs will cause collision. It is then necessary to design the dropping rules to solve such issue. Two alternatives can be considered:  
Alt 1: UE drops two collided PUSCHs.
Alt 2: UE transmits one of the PUSCHs within the maximal number of layers that has high priority signal/transmission time/layer(s). 
Regarding alt 2, there are several potential ways for UE to decide which PUSCH has higher priority. Firstly, UE can choose different types of signals. For example, if the first PUSCH contains both data and UCI (ACK/NACK, SR or CSI) while the second PUSCH only contains data, UE will transmit the first PUSCH. Secondly, UE can choose different transmission times. E.g., if the start time of the first PUSCH is earlier than the second PUSCH, UE will transmit the first PUSCH. Another way is that UE can decide on the number of layers of the PUSCH. E.g., if the first PUSCH has more layers (within the maximal number of permitted layers) to transmit than the second PUSCH, UE will transmit the first PUSCH. Or if the first PUSCH is configured a transmission time with higher priority by gNB, UE will transmit the first PUSCH.
Proposal 11: If two overlapped PUSCHs collide due to the actual total number of layers of them is larger than the maximal number of layers for mTRP, UE chooses one of two following alternatives to solve the issue:
Alt 1: UE drops two collided PUSCHs.
Alt 2: UE transmits one of the PUSCHs within the maximal number of layers that has high priority signal/transmission time/layer(s). 
In current specification, predefined rules are specified for UE to resolve overlapping of DG/CG PUSCHs with same or different priority indexes. In STxMP PUSCH transmission, enhancements on predefined rules are necessary for UE to determine more than one PUSCH to transmit.
For DG PUSCH, priority index is provided by priority indicator field in a DCI format. In M-DCI based STxMP PUSCH transmission, all DCI formats are supported when two different values of coresetPoolIndex are configured. Thus priority indexes can be indicated by two DCI formats associated with two TRPs. Similarly, parameter phy-PriorityIndex can be configured for a CG PUSCH. Therefore, priority indexes can be indicated for PUSCHs when M-DCI based STxMP PUSCH transmission is performed. Since CG PUSCH is designed for URLLC traffic and M-DCI based transmission is mainly for throughput enhancements, different priority indexes or different priorities (e.g., when parameter prioLowDG-HighCG or prioHighDG-LowCG is configured) can be supported for different PUSCHs.
Proposal 12: Different priority indexes or different priorities can be indicated for PUSCHs in M-DCI based STxMP PUSCH transmission.
If a UE would transmit multiple PUSCHs with same priority index, at most two PUSCHs can be scheduled or transmitted simultaneously. When a DG PUSCH is scheduled or a type 2 CG PUSCH is activated, UE can also transmit a type 1 CG PUSCH simultaneously. When the number of scheduled or activated DG PUSCHs and/or type 2 CG PUSCHs is 2, another CG PUSCH will not be transmitted simultaneously. The time interval between the third CG PUSCH and the transmitted PUSCHs (e.g., the first and the second PUSCH) should be defined to ensure that processing time of PUSCH is enough. The following two options can be considered:
· Option 1: The gap between the starting symbol of the third CG PUSCH and the ending symbol of the later PDCCH is  (shown in Figure 1), where the later PDCCH is the PDCCH which schedules or activates the first or the second PUSCH and ends later in time.
· Option 2: The gap between the starting symbol of the third CG PUSCH and the ending symbol of the associated PDCCH is  (shown in Figure 2), where the associated PDCCH and the third CG PUSCH are associated with the same value of parameter coresetPoolIndex.


[bookmark: _Ref131274389]Figure 1: The time interval between the third CG PUSCH and the simultaneous transmitted PUSCHs in option 1.


[bookmark: _Ref131431146]Figure 2: The time interval between the third CG PUSCH and the simultaneous transmitted PUSCHs in option 2.
Both options can ensure that processing time of PUSCH is enough. Since the scheduling is performed by each TRP independently, the processing time can also be defined within the transmission of one TRP.
Proposal 13: If multiple PUSCHs have same priority index or priority, the time interval between the other CG PUSCH and the simultaneously transmitted PUSCHs should be defined. 
If a UE would transmit multiple PUSCHs with different priority indexes, more than two PUSCHs can be scheduled and only two PUSCHs can be transmitted. The transmission of low priority PUSCHs will be cancelled. The following conditions can be considered to determine which PUSCHs can be transmitted.
· The transmitted PUSCHs are associated with different panels (e.g., coresetPoolIndex or SRS resource set).
· The total number of layers of two transmitted PUSCHs is not larger than 4.
· The transmitted PUSCHs have larger priority indexes or larger priorities (corresponding to parameter prioLowDG-HighCG or prioHighDG-LowCG).
Proposal 14: If multiple PUSCHs have different priority indexes or priorities, coresetPoolIndex, SRS resource set, the number of layers or priority indexes can be used to determine which PUSCHs can be transmitted.
 
2.3.4 Power control
In DC, the maximum powers for transmissions on the two cell groups are configured by RRC signaling. In M-DCI based STxMP PUSCH transmission, whether the maximum powers for two PUSCHs are necessary shall be studied. It is noted that the maximum powers is different from UE-configured maximum output power values (per-panel or per-UE power limits) discussed in unified TCI session.
Figure 3 shows two examples of power control methods for two panels in M-DCI based STxMP PUSCH transmission. In Figure 3.a, maximum powers of each panel is either pre-defined or pre-configured (e.g., , and  can be one of the UE-configured maximum output power values). In this case, the maximum power is set to ensure that the total transmit power of two PUSCHs is small than  (i.e., scheduling restriction), and it can be the same as the per-panel power limit (if supported) or different from the per-panel power limit. In one example, both per-panel power limit and per-UE power limit are , and the maximum power is  which is different from the per-panel power limit. In this power control method, although per-UE power limit can always be satisfied, the transmit power of the UE is not utilized efficiently.
In Figure 3.b, the maximum power is either not defined or is equal to per-panel power limit. In this method, the total scheduled transmit power of two PUSCHs may be larger than per-UE power limit, thus, power adjustment between two PUSCHs is necessary. Different from maximum number of layers, transmit power can be adjusted or determined (e.g., power backoff) by UE. Therefore, there is no need to define the maximum power for each panel or each PUSCH, and power adjustment can be performed by UE to sufficiently utilize the transmit power.


[bookmark: _Ref126674494]Figure 3: Two examples of power control methods for two panels.
Proposal 15: The maximum powers of each panel or each PUSCH (scheduling restriction similar to that defined in DC operation) is not defined or introduced for M-DCI based STxMP PUSCH transmission.
Proposal 16: Power backoff value can be indicated by UE to gNB, if the sum of two powers of two PUSCHs is larger than the per-panel or per-UE power limit.
2.3.5 DMRS configurations
Similar to Rel-16 M-DCI based PDSCH scheduling, UE is not expected to assume different DMRS configurations with respect to the actual number of front-loaded DMRS symbol(s), the actual number of additional DMRS symbol(s), the actual DMRS symbol location, and DMRS configuration type. 
Proposal 17: The two scheduled PUSCHs have the same DMRS configuration with respect to
· the actual number of front-loaded DMRS symbol(s).
· the actual number of additional DMRS symbol(s).
· the actual DMRS symbol location.
· DMRS configuration type.

3. SFN based PUCCH transmission
In SFN based PUSCH transmission, RRC signaling is used to switch among STxMP SFN scheme and Rel-17 TDM based mTRP PUSCH scheme. Similarly, in SFN based PUCCH transmission, RRC signaling can also be used to switch among STxMP SFN scheme and Rel-17 TDM based mTRP PUCCH scheme. The RRC signaling can be configured in each PUCCH resource. In STxMP PUCCH transmission, repetition number can also be configured in each PUCCH resource and SFN+TDM scheme is supported.
In legacy specification, parameters nrofSlots and pucch-RepetitionNrofSlots are adopted to configure the number of PUCCH repetitions. Parameter nrofSlots can be applied for all PUCCH resources, and parameter pucch-RepetitionNrofSlots is only applied to PUCCH triggered by DCI. Both parameters can be configured jointly with STxMP PUCCH transmission to increase scheduling flexibility of the gNB.
Proposal 18: Per PUCCH RRC configuration is used to configure STxMP SFN scheme.
Proposal 19: When STxMP SFN scheme is configured, repetition numbers (including parameters nrofSlots and pucch-RepetitionNrofSlots) can be configured additionally.

4. Enhancement on the Rel-17 group-based beam reporting
Another issue is the enhancement on the Rel-17 group-based beam reporting. In RAN1#112bis-e meeting [2], following agreement was achieved:
	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


For STxMP transmission in Rel-18, up to 2 TRPs and up to 2 panels is considered for the UE initialed UL panel activation and selection via reporting a list of UE capability values along with the pairs of CRI/SSBRI and L1 RSRP/L1 SINR in a beam reporting instant. When two TCI states are selected, the two TCI states may correspond to same or different panels. In terms of RF functionality, in most cases, a UE panel is not able to generate two analog beams simultaneously. Therefore indicating two beams corresponding to the same panel for simultaneous UL transmission should be avoided. That means for the configuration of unified TCI for simultaneous UL transmission, gNB has to know the correspondence between panels and TCI states. One approach is using group-based beam reporting to faciliate gNB to know which beams can be used for UL transmission simultaneously. UE can report two groups of beams, with each group corresponds to a panel. Then any two SSB resources/CSI-RS resources in different beam groups can be used for UL transmission simultaneously.It is not necessary to force UE to decide whether the reported pair of CRIs or SSBRIs can be received simultaneously to ease UE’s capability, including further overheads regarding the associated indication schemes. 
Proposal 20: For the enhancement on the Rel-17 group-based beam reporting for STxMP UL transmission, alt2 is supported that 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.

5. Conclusions
In this contribution, we provide our views on enhancements for STxMP PUSCH + PUSCH transmission with S-DCI and M-DCI based transmission, SFN based PUCCH transmission and group-based beam reporting. Based on the above discussion, we have following proposals:
Proposal 1: Support to introduce an addiction RRC parameter for the max number of PTRS ports for STxMP SDM scheme.
Proposal 2: Confirm the first two bullets of the working assumption regarding the maximal number of layers for sTRP and SDM transmission.
Proposal 3: Confirm the conclusion that RAN1 has no consensus to support enhancement to enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same.
Proposal 4: For the codepoint of the “SRS resource set indicator” for SRI/TPMI field design, support alt1:
· 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.
The codepoint 11 is reserved.
Proposal 5: The size of the first TPMI/SRI is determined based on the maximal number of layers of sTRP when the DCI indicates sTRP transmission, while the size of the first TPMI/SRI is determined based on the maximal number of layers of the first SRS resource set in SDM when the DCI indicates SDM transmission. 
Proposal 6: Rel-15 PTRS-DMRS association method is supported for SFN scheme. 
Proposal 7: The codepoint 11 is reserved of “SRS resource set indicator” in DCI for dynamic switching between STxMP SFN and sTRP transmission.
Proposal 8: Two different configurations with regards to maxRank, codebookSubset and ul-FullPowerTransmission among SRS resource sets are supported.
Proposal 9: For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, option 1 is supported 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. .
· The PUSCH which have the same TCI state as the PUCCH can be selected for UCI multiplexing.
Proposal 10: Mechanisms (e.g., multiplexing or dropping) are needed to avoid simultaneous transmission of PUCCH and PUSCH.
· UCI multiplexing within one TRP or between two TRPs can be considered.
· Dropping rules which are related to information type, priority index, coresetPoolIndex value, and CC index can be further considered.
Proposal 11: If two overlapped PUSCHs collide due to the actual total number of layers of them is larger than the maximal number of layers for mTRP, UE chooses one of two following alternatives to solve the issue:
Alt 1: UE drops two collided PUSCHs.
Alt 2: UE transmits one of the PUSCHs within the maximal number of layers that has high priority signal/transmission time/layer(s). 
Proposal 12: Different priority indexes or different priorities can be indicated for PUSCHs in M-DCI based STxMP PUSCH transmission.
Proposal 13: If multiple PUSCHs have same priority index or priority, the time interval between the other CG PUSCH and the simultaneously transmitted PUSCHs should be defined. 
Proposal 14: If multiple PUSCHs have different priority indexes or priorities, coresetPoolIndex, SRS resource set, the number of layers or priority indexes can be used to determine which PUSCHs can be transmitted.
Proposal 15: The maximum powers of each panel or each PUSCH (scheduling restriction similar to that defined in DC operation) is not defined or introduced for M-DCI based STxMP PUSCH transmission.
Proposal 16: Power backoff value can be indicated by UE to gNB, if the sum of two powers of two PUSCHs is larger than the per-panel or per-UE power limit.
Proposal 17: The two scheduled PUSCHs have the same DMRS configuration with respect to
· the actual number of front-loaded DMRS symbol(s).
· the actual number of additional DMRS symbol(s).
· the actual DMRS symbol location.
· DMRS configuration type.
Proposal 18: Per PUCCH RRC configuration is used to configure STxMP SFN scheme.
Proposal 19: When STxMP SFN scheme is configured, repetition numbers (including parameters nrofSlots and pucch-RepetitionNrofSlots) can be configured additionally.
Proposal 20: For the enhancement on the Rel-17 group-based beam reporting for STxMP UL transmission, alt2 is supported that 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.
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