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Introduction
In this contribution, we discuss some of our considerations for sDCI/mDCI based STxMP transmission of PUSCH/PUCCH.
Discussion
0. sDCI based SDM transmission of PUSCH
0. Layer combination and DMRS port indication for SDM based PUSCH
In RAN1#110b meeting, the following agreement was reached to support SDM scheme of sDCI based STxMP PUSCH [1]. 

	Agreement
· Reuse the DCI field ‘Antenna Ports’ in DCI format 0_1 and 0_2 to indicate DMRS ports for SDM scheme of single-DCI based STxMP PUSCH:
· The total numbers of layers, L, indicated by two TPMI fields of CB PUSCH or two SRI fields of NCB PUSCH is used to determine the DMRS port indication table.
· L1 of the indicated DMRS ports are associated with the L1 PUSCH layers which are indicated by the first TPMI field for CB PUSCH or the first SRI field for NCB PUSCH and the rest L- L1 of the indicated DMRS ports are associated with the L-L1 PUSCH layers which are indicated by the second TPMI field for CB PUSCH or the second SRI field for the NCB PUSCH.
· FFS: how to partition the indicated DMRS ports among the PUSCH layers.
· Down-select one from the following two Alts for SDM scheme in RAN1#111:
· Alt1: the DMRS ports associated with two TPMI/SRI fields must be in different CDM groups.
· Alt2: the DMRS ports associated with two TPMI/SRI fields can be in same or different CDM groups.



In Rel-18, layer combinations {1+1}, {1+2}, {2+1}, {2+2} are agreed for SDM scheme of sDCI based STxMP PUSCH. For this scheme, it has been discussed if the mapping rule between the DMRS ports and the UE panels should follow a similar mechanism as in Rel-16 sDCI based SDM transmission of PDSCH so that the indicated DMRS ports belong to 2 CDM groups each of which associated with one of the two panels. In our view, to have a unified design for both downlink and uplink SDM mTRP transmissions, it is preferred that different CDM groups of DMRS ports are associated with different panels for STxMP SDM transmission. In this case, each TRP decodes the PUSCH according to the associated DMRS CDM group. If the DMRS ports in the same CDM group are transmitted from different panels, the orthogonality between those DMRS ports may be destroyed due to the different channels between the two panels and the TRP. Therefore, we have the following proposal:

Proposal 1: For SDM scheme of single-DCI based STxMP PUSCH, the indicated PUSCH DMRS ports in ‘Antenna ports’ DCI field belong to two CDM groups where each CDM group is associated with one panel.

For SDM scheme of sDCI based STxMP PUSCH, two TPMI/SRI fields can be configured in DCI where each TPMI/SRI field is associated with one UE panel. The question is how to associate the two TPMI/SRI fields to the two CDM groups. Following our above discussion, indicated PUSCH DMRS ports should belong to two DCM groups each of which associated with one of the two panels. Note that, for each panel, the number of PUSCH DMRS ports should be equal to the number of PUSCH layers indicated by the corresponding TPMI/SRI field. Therefore, when different number of layers are indicated by the two TPMI/SRI fields, a TPMI/SRI field should be associated with the CDM group whose number of DMRS ports is equal to the number of layers indicated by the TPMI/SRI field. When the same number of layers is indicated by the two TPMI/SRI fields, a simple association rule may be applied: For instance, the first and second TPMI/SRI fields are associated with the first and second CDM groups, respectively. As an example, assume that UE is indicated with the DMRS ports {0, 1, 2} and the first TPMI/SRI field in DCI indicates one layer transmission while the second TPMI/SRI field indicates two layer transmission. Since DMRS ports {0,1} belong to the CDM group 0 while DMRS port {2} belongs to the CDM group 1 (see Table 6.4.1.1.3-1/2 of 38.211), the UE shall assume DMRS port {2}/CDM group 1 are associated with the first TPMI field and DMRS ports {0,1}/CDM group 0 are associated with the second TPMI field. In turn, if the first TPMI/SRI field in DCI indicates two layers transmission while the second TPMI/SRI field indicates a single layer transmission, then the UE shall assume DMRS ports {0,1}/CDM group 0 are associated with the first TPMI field and DMRS ports {2}/CDM group 1 are associated with the second TPMI field. See figure 1 for details.
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Figure 1: Association mechanism between TPMI/SRI fields and CDM groups

Proposal 2: For SDM scheme of single-DCI based STxMP PUSCH, support the following association mechanism between TPMI/SRI fields and the CDM groups of the indicated DMRS ports:
· When different number of layers are indicated by the two TPMI/SRI fields, a TPMI/SRI field is associated with the CDM group whose number of DMRS ports is equal to the number of layers indicated by the TPMI/SRI field. 
· When the same number of layers is indicated by the two TPMI/SRI fields, the first and second TPMI/SRI fields are associated with the first and second CDM groups, respectively.

Regarding the beam indication for STxMP PUSCH, it is agreed in the WID that unified TCI framework extension is assumed and UE may be indicated with two UL/joint TCI states for uplink transmission. As a simple rule, the first UL/joint TCI states may be associated with the first TPMI/SRI field, and the second UL/joint TCI states may be associated with the second TPMI/SRI field. 

[bookmark: _Hlk118213684]Proposal 3: For SDM scheme of single-DCI based STxMP PUSCH, support associating the first UL/joint TCI with the first TPMI/SRI field, and the second UL/joint TCI states with the second TPMI/SRI field. 

Another issue related to SDM scheme of sDCI based STxMP PUSCH is whether to support {1+3} or {3+1} layer combinations. It was agreed in Rel-16 that at most {2+2} layer combination is supported for the downlink mTRP: 

	Agreement (RAN1 #97)
Support following principles for DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, at least for single front-load symbol and eMBB
· Antenna port field size is the same as Rel-15, at least for DCI format 1-1
· At least support following layer combinations from two TRPs indicated by antenna port field:
· 1+1, 1+2, 2+1, 2+2 for single CW and SU, at least for DCI format 1-1
· To be evaluated to determine whether introducing following design principles for DMRS entries in RAN1#98: 
· 1+3 and/or 3+1
· MU cases, i.e. between NCJT UE+NCJT UE and NCJT UE+S-TRP UE
· Two CWs for the case of total layers of NCJT reception more than 4



We do not see a strong motivation to support a greater number of layers for the SDM scheme of sDCI based STxMP PUSCH than its “dual” DL transmission scheme of sDCI based NCJT. Further, if the layer combination {1+3} is supported, the number of Tx antenna ports for the first panel must be at least one, while, according to the current codebook design, the number of Tx antenna ports for the second panel must be 4 to support a 3-layer TPMI indication (see Table 6.3.1.5-6 in 38.211). Since, according to the WID, “no new codebook is introduced for multi-panel simultaneous transmission”, this means that to support {1+3} or {3+1} layers, the total number of Tx antenna ports over two panels needs to be at least 5. However, the current specifications do not support more than 4 antenna port UE. Finally, it should be noted that rank 3 transmission for a single TRP is not a typical scenario in FR2. Therefore, we have the following proposal.  

Proposal 4: For STxMP PUSCH SDM scheme, layer combination {1+3} or {3+1} should not be supported. 

0. Switching between PUSCH TDMed repetition and STxMP SDM
	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


In RAN1#110b meeting, RRC based switching between SDM scheme of sDCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme was supported. One remaining issue is whether to support DCI-based dynamic switching between mTRP PUSCH repetition and the SDM scheme of sDCI based STxMP PUSCH in addition to the RRC based switching. 
For uplink mTRP, one prerequisite for DCI-based dynamic switching between the PUSCH TDM repetition and the SDM scheme of sDCI based STxMP PUSCH is that the SRS resources for uplink channel acquisition can be shared by these two transmission modes so that the channel information for both schemes are available at the network side; facilitating the gNB to dynamically select either of them by DCI. However, the Rel-17 PUSCH TDM repetition supports up to 4-layer transmission which means the largest number of SRS antenna ports configured in the SRS resource set for the codebook-based transmission can be 4. On the other hand, for SDM scheme of sDCI based STxMP PUSCH, a UE that is currently supported in the specifications does not have more than 4 ports and, therefore, 4 SRS ports per panel cannot supported. In the SDM scheme of sDCI based STxMP PUSCH, UE is likely to be configured with 2-port SRS resources in the SRS resource set associated to each UE panel. Note that configuring the maximum of 2-port SRS resource is feasible as the maximum number of the supported layers per panel is 2. As a result, the SRS configurations for the two transmission modes would not be the same and, therefore, two different sets of SRS resource configuration (a total of 4 SRS resources sets) need to be configured to and transmitted from the UE to facilitate dynamic switching between the PUSCH TDM repetition and the SDM scheme of sDCI based STxMP PUSCH. Such a design increases both UE and NW complexity.
In addition, for Rel-17 TDM based PUSCH repetition, the size of the second TPMI/SRI field is shorter than the size of the first TPMI/SRI field because the rank in the second TPMI/SRI field is the same as the indicated rank in the first TPMI/SRI field. However, this property does not hold for Rel-18 SDM scheme of sDCI based STxMP PUSCH since different panels may transmit different number of layers. For instance, for the CB transmission with 2 antenna ports and disabled transform precoder when FullPowerTransmission is not configured, codebookSubset = ‘fullyAndPartialAndNonCoherent’, and maxRank = 2, the two TPMI fields for Rel-17 TDM transmission require 4+3=7 bits (See, Tables 7.3.1.1.2-4 and 7.3.1.1.2-4B in 38.212), while the two TPMI fields for Rel-18 SDM scheme of sDCI based STxMP PUSCH would require 4+4=8 bits. This means that the DCI payload size would be different for the TDM and the SDM transmissions. Of course, one may add some reserved bits to the second TPMI field for the Rel-17 TDM transmission to guarantee that the TPMI fields of these two transmission schemes to have equal size. However, this may require a non-backward compatible modification on the interpretation of DCI fields for Rel-17 TDM based PUSCH repetition and should be avoided.
Considering above discussion, we propose not to support DCI-based dynamic switching between these two schemes.

Proposal 5: Support only RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme.

0. [bookmark: _Hlk115380681]Dynamic switching between sTRP and STxMP SDM
	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



In RAN1#110b meeting, dynamic switching between SDM scheme of sDCI based STxMP PUSCH and sTRP transmission was supported. In Rel-17, ‘SRS resource set indicator’ DCI field can be used to dynamically switch between mTRP PUSCH TDM repetition and sTRP PUSCH transmission. If switching between PUSCH TDM repetition and the SDM scheme of sDCI based STxMP PUSCH is only supported at the RRC level, then, when UE operates according to the SDM scheme of sDCI based STxMP PUSCH, ‘SRS resource set indicator’ DCI field can be used to dynamically switch between sTRP PUSCH transmission and the SDM scheme of sDCI based STxMP PUSCH. 

Proposal 6: ‘SRS resource set indicator’ DCI field can be used to support dynamic switching between sTRP PUSCH transmission and the SDM scheme of sDCI based STxMP PUSCH.

For the legacy sTRP PUSCH transmission, the UE can transmit up to 4 layers and an RRC parameter maxrank with values {1, 2, 3, 4} is used to determine the TPMI field size and the correct TPMI table. 

For SDM scheme of sDCI based STxMP PUSCH, transmission of up to 2 layers per panel is agreed. Further, two TPMI/SRI fields are supported which can be used to determine the precoding information and the number of layers for each panel. Similar to the legacy sTRP PUSCH transmission, the maximum rank per panel is needed to determine the TPMI field size and the correct TPMI table for each panel. We think the simplest way to provide the maximum rank per panel is to introduce two RRC parameters, e.g., maxrank0 and maxrank1 with the values {1,2} for the two panels. To facilitate dynamic switching between the sTRP PUSCH transmission and the SDM scheme of sDCI based STxMP PUSCH, it may need to be further studied if it is necessary that the configured values in maxrank, maxrank0 and maxrank1 are such that maxrank= maxrank0 +maxrank1.    

Proposal 7: Support two RRC parameters, e.g., maxrank0 and maxrank1 with the values {1,2} to signal the maximum rank per panel. 
· FFS: Whether or not the signaled values in maxrank0, maxrank1, and the legacy maxrank are such that maxrank = maxrank0 + maxrank1.


0. SRS resource set configuration
	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



In RAN1#110b, it was agreed to configure two SRS resource sets for both CB and NCB based STxMP PUSCH transmission. UE would associate each of these sets to one of its panels, e.g. the first SRS resource set corresponds to the first UE panel, and the second SRS resource set corresponds to second UE panel. A remaining issue is whether the two SRS resources indicated by the two SRI fields can have different number of SRS ports for a CB transmission. Since the two panels potentially transmit two different number of layers, we do not see any reason for the number of SRS ports of the indicated SRS resources to be equal.  

Proposal 8: For SDM scheme of single-DCI based STxMP PUSCH, the two indicated SRS resources may have different number of antenna ports. 

0. PTRS-DMRS association
	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



It was agreed to configure up to 2 PTRS ports for SDM scheme of sDCI based STxMP PUSCH. In our view, 2 bits of the ‘PTRS-DMRS association’ field can be reused where each bit indicates the association between one PTRS port and the DMRS port transmitted from one panel. Since each panel would be associated with one CDM group, then each bit in the ‘PTRS-DMRS association’ field can be used to indicate whether the PTRS port is associated with the first DMRS port or the second DMRS port in the CDM group.

Proposal 9: Support a 2-bit ‘PTRS-DMRS association’ field where the first (second) bit is used to indicate whether the corresponding PTRS port is associated with the first DMRS port or the second DMRS port of the CDM group 0 (CDM group 1).
0. sDCI based SFN transmission of PUSCH
1. SRS resource set configuration and TPMI/SRI indication

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




In RAN1#110b, SFN based PUSCH transmission was agreed mainly for improving the reliability. For the SFN based scheme, all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously. Similar to the SDM scheme of sDCI based STxMP PUSCH, two SRS resource sets can be configured for CB or NCB for SFN-based transmission scheme for STxMP PUSCH.

Proposal 10: For SFN-based transmission scheme for STxMP PUSCH, support configuring two SRS resource sets for CB or NCB transmission.

To achieve a better performance, each panel may be indicated a separate TPMI for CB PUSCH or separate SRI for NCB PUSCH in DCI to indicate the precoding information and number of layers conveyed over the SRS ports of the indicated SRS resource in each SRS resource set.

Proposal 11: For SFN-based transmission scheme for STxMP PUSCH, support the DCI indication of two TPMI fields for the CB PUSCH or two SRI fields for the NCB PUSCH.

Since the same number of layers are transmitted by two panels in SFN based PUSCH transmission, the mechanism in Rel-17 TDM based PUSCH repetition may be used to reduce the payload of the second TPMI/SRI field.

Proposal 12: For STxMP PUSCH SFN scheme, the payload of the second TPMI/SRI field may be reduced as the number of layers indicated by the first TPMI/SRI field is also applicable to the second TPMI/SRI field.

1. DMRS port indication for SFN based PUSCH

For the SDM scheme of sDCI based STxMP PUSCH, each panel may transmit maximum of 2 layers. Since the main application of SFN-based transmission scheme for STxMP PUSCH is to increase the reliability, we think it is also sufficient to support a maximum of 2 layers per panel for this scheme. Further, note that a UE that is currently supported in the specifications does not support more than 4 antenna ports. This restricts the maximum number of layers per panel for SFN-based transmission scheme for STxMP PUSCH to 2.

Proposal 13: For SFN-based transmission scheme for STxMP PUSCH, support transmitting maximum of 2 layers per panel. 

In addition, the ‘Antenna port’ field in DCI format 0_1 and 0_2 can be used to indicate the DMRS ports. The number of layers indicated by either of the two TPMI fields for CB PUSCH or either of the two SRI fields for NCB PUSCH is used to determine the DMRS port indication table.

Proposal 14: For SFN-based transmission scheme for STxMP PUSCH, the number of layers indicated by either of the two TPMI fields for CB PUSCH or either of the two SRI fields for NCB PUSCH is used to determine the DMRS port indication table.

0. mDCI based SDM transmission of PUSCH + PUSCH
2. DMRS configuration

	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.



In RAN1#110b, it was agreed that the total number layers of the two PUSCHs for the mDCI based STxMP is 4. Therefore, we think it is natural to limit the number of transmitted layers per panel to 2. Note that, as discussed before, if the layer combination {1+3} is supported, the number of Tx antenna ports for the first panel must be at least one, while, according to the current codebook design, the number of Tx antenna ports for the second panel must be 4 to support a 3-layer TPMI indication (see Table 6.3.1.5-6 in 38.211). Since, according to the WID, “no new codebook is introduced for multi-panel simultaneous transmission”, this means that to support {1+3} or {3+1} layers, the total number of Tx antenna ports over two panels needs to be at least 5. However, the current specifications do not support more than 4 antenna port UE. 

Proposal 15: In mDCI based STxMP PUSCH + PUSCH, support up to 2 layers for each PUSCH.

To simplify the implementation of UE in Rel-16 mDCI based PDSCH transmission, the UE is not expected to assume different DM-RS configuration with respect to the actual number of front-loaded DM-RS symbol(s), the actual number of additional DM-RS symbol(s), the actual DM-RS symbol location, and DM-RS configuration type. To simplify the implementation of Rel-18 mDCI based PUSCH transmission, it is preferred to support similar assumptions.

Proposal 16: For mDCI based SDM transmission of PUSCH + PUSCH, the UE is not expected to assume different DM-RS configuration with respect to the following parameters: 
· the actual number of front-loaded DM-RS symbol(s),
· the actual number of additional DM-RS symbol(s), 
· the actual DM-RS symbol location, 
· DM-RS configuration type

2. SRS resource set configuration
	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





Regarding the TPMI/SRI indication for multi-DCI based STxMP PUSCH+PUSCH, it is agreed to configure two SRS resource sets for CB or NCB. To differentiate the two TRPs, UE would be configured with two different coresetPoolIndex values in ControlResourceSet. Since two SRS resource sets are configured for mDCI based STxMP PUSCH+PUSCH, the association between coresetPoolIndex valued and SRS resource sets is needed. Otherwise, it would be unclear the indicated SRI/TPMI corresponds to which SRS resource set. Such an association can be based on a simple rule, e.g., the first configured SRS resource set is associated with coresetPoolIndex 0 and the second configured SRS resource set is associated with coresetPoolIndex 1.

Proposal 17: For multi-DCI based STxMP PUSCH+PUSCH,  the first configured SRS resource set is associated with coresetPoolIndex 0 and the second configured SRS resource set is associated with coresetPoolIndex 1.

In addition, similar to sDCI based SDM STxMP, configuring 2 SRS resources in each of the SRS resource sets is enough. As for the max number of SRS ports, following our earlier discussion in this t-doc, a UE that is supported in current specifications does not have more than 4 ports and, therefore, 4 SRS ports per panel cannot be supported. Therfore, the maximum number of SRS ports in each SRS resource set should be 2.

Proposal 18: For multi-DCI based STxMP PUSCH + PUSCH, support the following:
· Maximum of 2 SRS resources in each SRS resource set.
· Maximum of 2 ports for SRS resources configured for the CB based transmission.

Regarding the codebook and maxrank configuration, since each PUSCH is transmitted independently, we support configuring separate codebook and maxrank for different SRS resource sets.

Proposal 19: For multi-DCI based STxMP PUSCH + PUSCH, support configuring separate codebook and maxrank for different SRS resource sets.

2. DG-PUSCH and CG-PUSCH

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



For m-DCI based STxMP PUSCH+PUSCH, UL beam association with TRP should be discussed in AI 9.1.1.1. Our views about this issue can be found in our companion paper [3].  
In the legacy design, some rules/restrictions were introduced to avoid overlapping CG-PUSCH and DG-PUSCH resources. However, for a UE with the STxMP capability, related rules should be updated. For example, if UE is able to simultaneously transmit from the two panels each using one of the two indicated beams, then both PUSCH transmissions could be performed. Otherwise, one of the PUSCHs, e.g., the CG-PUSCH transmission in the current period may be dropped. 

Proposal 20: For multi-DCI based STxMP CG-PUSCH+DG-PUSCH, dropping rules for CG-PUSCH should be considered if UE is not able to use the indicated TCI states for a simultaneous transmission of CG-PUSCH and DG-PUSCH.

For multi-DCI based STxMP CG-PUSCH+DG-PUSCH, in addition to the restrictions pertaining the indicated TCI state pairs, other restrictions such as UE power restrictions should also be taken into account. For example, if DG-PUSCH consumes most UE power quota, the overlapping CG-PUSCH may need to be dropped. 

Proposal 21: For multi-DCI based STxMP CG-PUSCH+DG-PUSCH, dropping rules for CG-PUSCH should be considered due to UE Tx power limitations.

0. DFT-s-OFDM support for STxMP
By enabling “transform precoding”, DFT-s-OFDM is supported for both PUSCH and PUCCH transmissions to achieve a lower PAPR and, consequently, to facilitate PA to have a higher output power and enhance the UL coverage. 
In the legacy design, when transform precoding is enabled for a UE, UE is not expected to be scheduled to transmit more than one layer PUSCH. There are two reasons for such a restriction: First, the target scenario of transform precoding is the UL coverage enhancement. Therefore, it is not necessary to support more layers for a higher capacity when the key issue is the lack of coverage. Second, MIMO precoding may distort the characteristics of the single carrier transmission and increase the PAPR. 

Observation 1: As the target scenario of transform precoding is the coverage enhancement, only one PUSCH layer is supported for this scheme in the current specification.

For STxMP, a typical implementation is that each panel has an independent RF chain and a PA. At least with such an architecture, for UL transmission from each panel, the transmission of only 1 layer can ensure that the PAPR is still low and the coverage gain can be achieved.

Observation 2: For STxMP PUSCH transmission, the transmission of only 1 layer per panel can ensure the PAPR is still low and the coverage gain can be obtained.

Based on the above discussion, it is also possible that two single layer PUSCHs could be generated by UE and each of them uses a transform precoding and transmitted from one panel. There is only 1 layer transmitted from each panel and, therefore, the coverage gain can be guaranteed. As the following figure shows, the total of two PUSCH layers with transform precoding enabled can be scheduled by the network and each PUSCH layer is mapped to and transmitted from one panel. 
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Figure 2: A STxMP transmitter of 2-layer PUSCH with transform precoding enabled

Proposal 22: Support 2-layer PUSCH transmission with transform precoding enabled for STxMP where each panel transmits only one layer.
0. Multi-panel transmission of PUCCH
In Rel-17 multi-TRP operation, PUCCH TDM repetition scheme has been specified to enhance the reliability of uplink control channel. In this scheme, UE repeats the transmission of the same PUCCH within the same time slot (intra-slot) or in different time slots (inter-slot) with two spatial relations and a configured mapping pattern. 

In Rel-18, the study of STxMP PUCCH was also included in the WID scope. Therefore, we have evaluated two PUCCH STxMP schemes where the detailed evaluation parameters can be found in Appendix I.

For scheme 1, SFN based PUCCH repetition is simulated where a single PUCCH payload is transmitted over two PUCCH resources by two UE panels for a reliability enhancement. 
It can be observed from the simulation result in Figure 3 that the BLER of TxSP is obviously lower than that of STxMP when the path loss gap between the two panels is larger than 3dB. STxMP performance gain can be achieved only when no path loss gap exists between the two panels and, even in that case, it is still a marginal gain at a low SNR region. Note that 0dB path loss gap between the two panels is quite unrealistic in a practical scenario. 
For scheme 2, mDCI based PUCCH SDM STxMP is simulated where two independent PUCCHs are transmitted by two UE panels over two PUCCH resources overlapped in time and frequency domains. The BLER curve of only one of the two PUCCHs is provided since their performances are the same. Besides, mDCI based PUCCH TDM STxMP transmission is also simulated for comparison, where the UCI size remains the same with SDM STxMP. The result is shown in Figure 4. The BLER of multi-DCI based STxMP PUCCH transmission is obviously much higher than TDM when the same total transmission power of UE is assumed. Even if per panel power assumption is assumed, a slight performance degradation can still be observed in multi-DCI based STxMP PUCCH transmission. Note that, although TDM STxMP occupy twice resources in time domain, SDM STxMP also need twice resources from the network side.
As a result, based on our simulations, the performance comparison of STxMP of PUCCH+PUCCH over TxSP does not justify supporting this scheme. 
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Figure 3: BLER performance of STxMP and TxSP
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Figure 4: BLER performance of multi-DCI based SDM STxMP and TDM STxMP

Observation 3: The performance comparison of STxMP transmission of PUCCH+PUCCH over the baseline TxSP does not justify supporting this scheme.

Proposal 23: STxMP transmission of PUCCH+PUCCH is not supported in Rel-18.

 
Conclusions 
In this contribution, we have the following observations and proposals
Observation:
Observation 1: As the target scenario of transform precoding is the coverage enhancement, only one PUSCH layer is supported for this scheme in the current specification.

Observation 2: For STxMP PUSCH transmission, the transmission of only 1 layer per panel can ensure the PAPR is still low and the coverage gain can be obtained.

Observation 3: The performance comparison of STxMP transmission of PUCCH+PUCCH over the baseline TxSP does not justify supporting this scheme.


Proposal：
Proposal 1: For SDM scheme of single-DCI based STxMP PUSCH, the indicated PUSCH DMRS ports in ‘Antenna ports’ DCI field belong to two CDM groups where each CDM group is associated with one panel.

Proposal 2: For SDM scheme of single-DCI based STxMP PUSCH, support the following association mechanism between TPMI/SRI fields and the CDM groups of the indicated DMRS ports:
· When different number of layers are indicated by the two TPMI/SRI fields, a TPMI/SRI field is associated with the CDM group whose number of DMRS ports is equal to the number of layers indicated by the TPMI/SRI field. 
· When the same number of layers is indicated by the two TPMI/SRI fields, the first and second TPMI/SRI fields are associated with the first and second CDM groups, respectively.

Proposal 3: For SDM scheme of single-DCI based STxMP PUSCH, support associating the first UL/joint TCI with the first TPMI/SRI field, and the second UL/joint TCI states with the second TPMI/SRI field. 

Proposal 4: For STxMP PUSCH SDM scheme, layer combination {1+3} or {3+1} should not be supported. 

Proposal 5: Support only RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme.

Proposal 6: ‘SRS resource set indicator’ DCI field can be used to support dynamic switching between sTRP PUSCH transmission and the SDM scheme of sDCI based STxMP PUSCH.

Proposal 7: Support two RRC parameters, e.g., maxrank0 and maxrank1 with the values {1,2} to signal the maximum rank per panel. 
· FFS: Whether or not the signaled values in maxrank0, maxrank1, and the legacy maxrank are such that maxrank = maxrank0 + maxrank1.

Proposal 8: For SDM scheme of single-DCI based STxMP PUSCH, the two indicated SRS resources may have different number of antenna ports. 

Proposal 9: Support a 2-bit ‘PTRS-DMRS association’ field where the first (second) bit is used to indicate whether the corresponding PTRS port is associated with the first DMRS port or the second DMRS port of the CDM group 0 (CDM group 1).

Proposal 10: For SFN-based transmission scheme for STxMP PUSCH, support configuring two SRS resource sets for CB or NCB transmission.

Proposal 11: For SFN-based transmission scheme for STxMP PUSCH, support the DCI indication of two TPMI fields for the CB PUSCH or two SRI fields for the NCB PUSCH.

Proposal 12: For STxMP PUSCH SFN scheme, the payload of the second TPMI/SRI field may be reduced as the number of layers indicated by the first TPMI/SRI field is also applicable to the second TPMI/SRI field.

Proposal 13: For SFN-based transmission scheme for STxMP PUSCH, support transmitting maximum of 2 layers per panel. 

Proposal 14: For SFN-based transmission scheme for STxMP PUSCH, the number of layers indicated by either of the two TPMI fields for CB PUSCH or either of the two SRI fields for NCB PUSCH is used to determine the DMRS port indication table.


Proposal 15: In mDCI based STxMP PUSCH + PUSCH, support up to 2 layers for each PUSCH.

Proposal 16: For mDCI based SDM transmission of PUSCH + PUSCH, the UE is not expected to assume different DM-RS configuration with respect to the following parameters: 
· the actual number of front-loaded DM-RS symbol(s),
· the actual number of additional DM-RS symbol(s), 
· the actual DM-RS symbol location, 
· DM-RS configuration type

Proposal 17: For multi-DCI based STxMP PUSCH+PUSCH, the first configured SRS resource set is associated with coresetPoolIndex 0 and the second configured SRS resource set is associated with coresetPoolIndex 1.

Proposal 18: For multi-DCI based STxMP PUSCH + PUSCH, support the following:
· Maximum of 2 SRS resources in each SRS resource set.
· Maximum of 2 ports for SRS resources configured for the CB based transmission.

Proposal 19: For multi-DCI based STxMP PUSCH + PUSCH, support configuring separate codebook and maxrank for different SRS resource sets.

Proposal 20: For multi-DCI based STxMP CG-PUSCH+DG-PUSCH, dropping rules for CG-PUSCH should be considered if UE is not able to use the indicated TCI states for a simultaneous transmission of CG-PUSCH and DG-PUSCH.

Proposal 21: For multi-DCI based STxMP CG-PUSCH+DG-PUSCH, dropping rules for CG-PUSCH should be considered due to UE Tx power limitations.

Proposal 22: Support 2-layer PUSCH transmission with transform precoding enabled for STxMP where each panel transmits only one layer.

Proposal 23: STxMP transmission of PUCCH+PUCCH is not supported in Rel-18.
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Appendix I: EVM assumptions for SFN PUCCH
	Parameters
	Values/settings

	Baseline scheme
	Rel-15 PUCCH

	Channel
	TDL-A

	PUCCH format
	Format 1

	PUCCH resource 
	4 symbols

	Frequency domain resource allocation
	1 RB

	UCI payload
	2 bits

	DMRS pattern
	DM-RS for PUCCH format 1

	Fc
	30GHz

	System Bandwidth
	100MHz

	SCS
	120kHz

	Waveform
	OFDM

	BS antenna config
	(Mg, Ng, M, N, P) = (1,1, 1, 1, 2)

	UE antenna config
	(Mg, Ng, M, N, P) = (1,1, 1, 1, 2)

	UE speed
	3km/h

	Delay Spread
	30ns

	Path-loss modeling	
	{0,3,6} dB gap between panels/TRPs
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