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Introduction
In this contribution, we provide our views on sDCI/mDCI based STxMP PUSCH/PUCCH as well as CG STxMP PUSCH.
Discussion
0. DFT-s-OFDM support for STxMP
It was discussed in the last meeting whether DFT-s-OFDM waveform is supported for STxMP. In current specification, DFT-s-OFDM waveform is supported for UL transmission, in which the number of transmission layers is limited to 1. DFT-s-OFDM is usually used in a coverage limited case such as the coverage edge of the gNB which is also a target use case of STxMP. Therefore, it is natural to support DFT-s-OFDM for STxMP.
For STxMP PUSCH, sDCI based SDM PUSCH, sDCI based SFN PUSCH and mDCI based PUSCH+PUSCH are agreed. In SFN transmission, the same layer(s) of a PUSCH are transmitted by the two panels. If DFT-s-OFDM is configured, the number of layers of the SFN PUSCH should be limited to 1 since MIMO precoding may distort the single carrier transmission characteristics and increase the PAPR. In the mDCI based PUSCH+PUSCH, two PUSCHs are transmitted by the two panels, respectively. Similarly, if DFT-s-OFDM is configured, the number of layers for each PUSCH should also be limited 1.
Proposal 1: Support DFT-s-OFDM waveform for sDCI based SFN PUSCH and mDCI based PUSCH+PUSCH.
· For SFN PUSCH, the number of layers is limited to 1;
· For mDCI based PUSCH+PUSCH, the number of layers for each PUSCH is limited to 1.
For sDCI based SDM PUSCH, the situation is different as the total number of layers in SDM transmission is at least 2. It is not possible to restrict the number of layers to 1. Therefore, whether to support DFT-s-OFDM for SDM PUSCH may need further discussions. In the current specifications, more than 1 layer is not supported when DFT-s-OFDM is configured. As discussed, with multiple layers, the single carrier property of each layer may be distorted due to the precoding. This leads to a PAPR increase and, consequently, the loss of the benefit of using DFT-s-OFDM. For example, as shown in Fig. 1, when a fully coherent codebook is adopted for the two layers, there will be cross mapping in precoding, i.e., both layers are mapped to the same antenna ports. This would break the single-carrier property of each layer and may lead to the PAPR increase of the signal. However, in SDM PUSCH with the layer combination {1+1}, the precoding of each panel is independent and each layer is only mapped to the antenna port(s) of one panel and, hence, the single carrier property of each layer is maintained. Therefore, it is possible to support DFT-s-OFDM for the SDM transmission while maintaining its low PAPR property. However, the number of layers transmitted from each panel should be limited to 1.
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Figure 1 Procedure of data processing with DFT-s-OFDM

Observation 1: In legacy UL transmission, transmitting multiple layers with DFT-s-OFDM may break the single carrier property of DFT-s-OFDM and may lead to an increase in PAPR. However, in the SDM PUSCH transmission with the layer combination {1+1}, the single carrier property of DFT-s-OFDM is maintained.

Proposal 2: Support DFT-s-OFDM sDCI based SDM PUSCH for the layer combination {1+1}.
0. sDCI based SDM PUSCH
1. Layer combination and DMRS port indication
In RAN1#111 meeting, the following agreement was reached to support sDCI based SDM PUSCH [1]. 

	Agreement
For SDM scheme single-DCI based STxMP transmission, when L1 and L2 layers are indicated/determined by two TPMI fields of CB PUSCH or two SRI fields of NCB PUSCH respectively:
· The first L1 indicated DMRS ports correspond to the L1 layers indicated by the first TPMI or SRI field
· The remaining L2 indicated DMRS ports correspond to the L2 layers indicated by the second TMPI or SRI field
· Support at least one of the following options for indication of layer combination {1+2}:
· Option 1: new entry is added to DMRS table, e.g., {0, 2, 3}, {2, 0, 1}.
· Option 2: use DCI field (e.g., SRS resource set indicator) to indicate that for layer combination {1+2}, the first two indicated DMRS ports correspond to the 2 layers indicated by the second TPMI or SRI field and the rest one indicated DMRS port correspond to the layer indicated by the first TPMI or SRI field.
· Option 3: For layer combination of {1+2}, the DMRS port in the CDM group with only one port is mapped to the SRI/TPMI field indicating one layer, and the DMRS ports in the CDM group with 2 ports are mapped to the SRI/TPMI field indicating 2 layers
· Other options are not precluded

Agreement
For the DMRS port indication for SDM scheme single-DCI based STxMP transmission, support Alt2:
Alt2: the DMRS ports associated with two TPMI/SRI fields can be in same or different CDM groups.



For the association between DMRS ports and layers, it was agreed that the first L1 indicated DMRS ports are associated with the L1 layers indicated by the first TPMI or SRI field, and the remaining L2 indicated DMRS ports are associated with the L2 layers indicated by the second TPMI or SRI field. In addition, the DMRS ports associated with two TPMI/SRI fields can belong to the same or different CDM groups. In other words, the following two association designs are supported.
· First association design: DMRS ports associated with the two TPMI/SRI fields belong to the same CDM groups
· Second association design: DMRS ports associated with the two TPMI/SRI fields belong to different CDM groups
In our view, the motivation to support both association designs is to guarantee the flexibility of DMRS port indication, i.e., any DMRS entry can be indicated if its number of ports is equal to the total number of the layers associated with the two indicated TPMI/SRI fields. For example, for the layer combination {1+1}, either of DMRS entry {0,1} or {0,2} can be indicated. However, if the layer combination {1+2} is indicated with dmrs-Type=1, none of the current DMRS entries support the second association design wherein DMRS ports of the two TPMI/SRI fields belong to two different CDM groups. This may lead to a performance loss in some situations. For example, if the antenna port entry {0,1,2} is indicated for the layer combination {1+2}, then, based on the current agreement, the only layer of the first panel that is associated with the antenna port 0 would have the same CDM group as the first layer of the second panel which is associated with the antenna port 1. In such a case, when the propagation delay gap of the two panels is relatively large, the orthogonality of port 0 and port 1 would not be maintained and, consequently, the accuracy of the DMRS channel estimation would be degraded.
To address this issue, three options were discussed in the last meeting. Option 1 introduces a new DMRS entry to support the second association design for the layer combination {1+2}. Option 2 uses one codepoint of the SRS resource set indicator field or another DCI field to indicate that the association between DMRS ports and layers is overridden to realize the second association design. Option 3 introduces a dedicated association rule for the layer combination {1+2} to guarantee that the second association design can always be supported. Option 3 is simpler and does not need to introduce a new DMRS entry (unlike Option 1) or to consume a bit of a DCI field (unlike Option 2). With Option 1 and Option 2, both association designs are always supported while with Option 3, only the second association design is supported when maxLength=1. Note that even if Option 3 is adopted, the first association design is still supported when maxLength=2 by indicating, e.g., {0,1,4} for dmrs-Type=1 or {0,1,6} for dmrs-Type=2. Nevertheless, our understanding is that the first association design provides no benefit in comparison with the second association design. In our view, the reason that the first association design is supported is that some DMRS entries that correspond to the first association design are included in the DMRS table and there is no need to exclude them in the DMRS port indication. But, for the layer combination {1+2}, if the second association design can be easily supported with Option 3, there is no need to support Option 1 or 2 to additionally support the first association design when maxLength=1.

Proposal 3: For the layer combination {1+2} for sDCI based SDM PUSCH, support Option 3 in RAN1 #111 agreement to derive the association between DMRS ports and transmission layers.

1. Maximum number of layers for sTRP and SDM based STxMP
	Agreement
For dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission:
· Use the 2-bit “SRS resource set indicator” DCI field to dynamically indicate the sTRP or SDM transmission.
· FFS: how to interpret each codepoint of “SRS resource set indicator”.
· For the maximal number of layers for sTRP transmission, down-select:
· Option1: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) in current spec
· Option2: Configuring one additional maximal numbers of layers for sTRP transmission, in addition to maxRank in current spec.
· Down-select one from the following for maximal number of layers of SDM transmission:
· Alt1: Configure one single maximal number of layers (separate from the maximal number(s) of layers for sTRP), that is applied to the first SRS resource set and the second SRS resource set, separately.
· Alt1a: The maxRank (or Lmax) in current spec is also applied to the first SRS resource set and the second SRS resource set, separately.
· Alt2: Configure separate maximal numbers of layers for the first SRS resource set and the second SRS resource set
· Alt3: no dedicated configuration for SDM. The maximal number(s) of layers of sTRP and the UE capability reporting for SDM are used to determine the maximal number of layers of SDM transmission.
· Alt4: The maximal number(s) of layers in above Option1/2 also applied to the first SRS resource set and the second SRS resource set, separately.
· FFS: To ensure the same size of DCI for sTRP and SDM cases, how to use/interpret the TPMI/SRI field(s) and whether to do reserved bit or zero padding.




[bookmark: _Hlk45184793]For the sDCI-based SDM PUSCH transmission, we think that it is better that the maxRank(s) for the sTRP case is not reused since the maximum number of layers per panel in the sTRP case is 4 while the maximum number of layers per panel in the SDM case is 2. If the same sTRP maxRank is reused for one or both panels in the SDM case, the size of the TPMI field may unnecessarily increase. To explain this, consider the case that Panel 1 and Panel 2 have 4 antenna ports each with the maximum supported layers of 4 and, therefore, in the sTRP case, maxRank is set to 4. If the same maxRank =4 is reused for the SDM case and, further, ul-FullPowerTransmission = fullpowerMode1, codebookSubset= partialAndNonCoherent, and transform precoder is disabled, the size of both TPMI fields would be equal to 6 according to Table 7.3.1.1.2-2B of 38.212. However, for the SDM transmission, the actual maximum number of layers per panel is 2 and, if the sTRP maxRank does not have to be reused for the SDM transmission, maxRank can be set to 2 for each SRS resource set in the SDM case in the above example. Consequently, Table 7.3.1.1.2-2A (instead of 7.3.1.1.2-2B) in 38.212 applies and the size of both TPMI fields reduce to 5. This amounts to 2 bits reduction in the DCI payload. Given above explanation, we think it is better to not to support Alt1a, Alt3, or Alt4. 
Based on a similar argument, we think that, in general, it is better to configure two maximum number of layers maxRank1 and maxRank2 for the SDM case. To explain this, consider the case that Panel 1 has 4 antenna ports with the maximum supported layers of 2 and Panel 2 has 2 antenna ports with the maximum supported layers of 1. Further, assume that FullPowerTransmission is not configured, codebookSubset=noncoherent, and transform precoder is disabled. In such a case, if only one maxRank is configured, maxRank needs to be set to 2 and the size of the TPMI fields associated with the first and the second SRS resource sets would be equal to 4 and 2 according to Table 7.3.1.1.2-2 and Table 7.3.1.1.2-4 of 38.212, respectively. However, considering that the maximum supported layers for one panel is 2 while the maximum supported layers for the other panel is 1, if two maximum ranks of maxRank1=2 and maxRank2=1 are configured, the size of the TPMI fields associated with the first and the second SRS resource sets would be equal to 4 and 1 according to Table 7.3.1.1.2-2 and Table 7.3.1.1.2-5 of 38.212, respectively. This amounts to a one bit reduction in the DCI payload. Based on the above discussion, we think Alt2 is a better choice than Alt1 and propose the following: 

Proposal 4: For sDCI based SDM PUSCH, support configuring separate maximal numbers of layers for the first SRS resource set and the second SRS resource set for SDM based STxMP (i.e., Alt 2 in RAN1 #111 agreement).

Regarding the sTRP case, we note that when UE is configured with sDCI based SDM or SFN PUSCH, UE needs to activate two panels for the STxMP transmission. When UE is dynamically switched to the sTRP based transmission, either of the two activated panels may be adopted. As the two panels may have different capabilities, a very similar discussion as in the SDM case can be used to show that, at least to reduce the DCI payload, Option 2 is a better choice than Option 1; although Option 1 is the same as the legacy releases. 

Proposal 5: For sTRP transmission, support configuring one additional maximal numbers of layers in addition to maxRank in current spec (i.e., Option 2 in RAN1 #111 agreement).

1. SRS configuration and indication
	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 sDCI-based SDM CB/NCB 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 the 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 the CB transmission. Since the two panels may have different number of Tx ports and may transmit with different precoders and number of layers, we do not see any reason to restrict the number of ports of the two SRS resources to be equal.  

Proposal 6: For sDCI based SDM CB PUSCH, SRS resources of different sets may have different number of antenna ports.

For NCB PUSCH, each SRS resource has one port. Since the number of ports of the two panels may different, the number of SRS resources in two SRS resource sets may be different too. For example, when Panel 1 has 2 ports and Panel 2 has 4 ports, it is reasonable to configure 2 SRS resources in the SRS resource set 1 and 4 SRS resources in the SRS resource set 2. For CB PUSCH, we also do not see any reason to restrict the number of SRS resources in two SRS resource sets to be the same.

Proposal 7: For sDCI based SDM CB/NCB PUSCH, the two configured SRS resource sets may have different number of SRS resources.

1. 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 is agreed to configure up to 2 PTRS ports for SDM scheme and the ‘PTRS-DMRS association’ field in DCI format 0_1 and 0_2 is used to indicate the PTRS-DMRS association. 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. In particular, the first bit indicates whether the first or the second DMRS port among the DMRS ports associated with the first SRI/TPMI is associated with the first PTRS. The second bit indicates whether the first or the second DMRS port among the DMRS ports associated with the second SRI/TPMI is associated with the second PTRS. When an indicated SRI/TPMI is associated with only one DMRS port, the corresponding bit can be ignored by the UE.

[bookmark: _Hlk127124972]Proposal 8: A 2-bits ‘PTRS-DMRS association’ field is used to indicate the associated DMRS port of each PTRS port.
· The first bit indicates whether the first or the second DMRS port among the DMRS ports associated with the first SRI/TPMI is associated with the first PTRS;
· The second bit indicates whether the first or the second DMRS port among the DMRS ports associated with the second SRI/TPMI is associated with the second PTRS.

1. Codebook capability reporting
In current specification, UE reports the supported codebook type by the capability parameter pusch-TransCoherence. Currently, UE only reports one codebook capability that is applicable to the transmitting panel. In STxMP where two panels are used for transmission, each panel may have different capability for supporting of UL codebook type. For example, one panel may support fullCoherent/partialCoherent/nonCoherent codebook, while the other panel may only support partialCoherent/nonCoherent codebook. In such a case, reporting a UE level codebook capability is sub-optimal as the more conservative choice among the two possibilities would have to be reported. For instance, in the above example, ‘partialCoherent’ must be reported for the UE. In our view, in order for the gNB to obtain the codebook capability of each panel, panel specific codebook capability should be reported.

Proposal 9: For STxMP PUSCH, panel specific codebook capability reporting should be supported.

1. UCI multiplexing with STxMP PUSCH 
NR supports UCI multiplexing with PUSCH since Rel-15. When UCI and UL data present at the same time, they can be multiplexed in the same PUSCH resource. UCI includes essential UL information thus its coverage is important and UCI usually uses the QPSK modulation with a low code rate. On the other hand, PUSCH may require a better spectrum efficiency and a higher MCS order may be configured. To ensure the coverage when UCI is multiplexed into PUSCH resources, the specification allows the gNB to control the code rate as well as the proportion of REs for the multiplexed UCI. The UCI-OnPUSCH IE can be RRC configured for PUSCH and it includes betaOffsets and scaling parameters where betaOffsets is used to control the offset of the UCI bit rate with respect to the data bit rate and the scaling is used to specify the upper limit of the proportion of REs that can be used by the UCI to all REs that are allocated for PUSCH. For the STxMP scenario, UCI may also be multiplexed with such STxMP PUSCH. Further study is needed on how to configure or indicate the UCI multiplexing on the STxMP PUSCH; in particular, whether or not panel-specific betaOffsets and scaling are required.

Proposal 10: For UCI multiplexing on STxMP PUSCH, study whether or not to support panel specific PUCCH bit rate and/or PUCCH REs ratio configuration to adapt to the different pathloss/channel conditions of the two panels. 

0. sDCI based SFN PUSCH
2. SRS configuration and indication

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



For the SFN based scheme, same layers of one PUSCH are transmitted by two different UE panels simultaneously. Two CB or NCB SRS resource sets can be configured for the SFN transmission. The number of SRS sources in a resource set and the number of ports for each SRS resource still need to be studied.
For the number of SRS resources in a resource set, we can simply follow the legacy design, i.e., up to two SRS resources can be configured in a resource set. As for the number of ports for SRS resource, up to 4 ports can be configured for each resource. Note that, the number of SRS resources in different resource sets can be different. The number of ports for SRS resources in different sets can also be different as different panels may have different number of Tx ports. 

Proposal 11: For sDCI based SFN PUSCH, support up to 2 SRS resources in a set. The number of SRS resources in the two sets can be different.
Proposal 12: For sDCI based SFN PUSCH, support up to 4 ports for an SRS resource. The number of ports for the SRS resources in two different sets can be different.

0. mDCI based STxMP PUSCH+PUSCH
3. 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.



For mDCI based STxMP PUSCH+PUSCH, it was agreed in RAN1#110b that the total number layers of the two scheduled PUSCHs is 4. One remaining issue is whether to restrict the number of layers of each PUSCHs to be up to 2. We think such restriction is reasonable as it is also adopted for the sDCI based SDM PUSCH and mDCI based PDSCH transmission.

Proposal 13: For mDCI based STxMP PUSCH+PUSCH, the number of layers of each PUSCH is up to 2 layers.

To simplify the UE implementation in Rel-16 mDCI based PDSCH transmission, the UE does not expect that 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, are configured for the two scheduled PDSCHs. Similarly, to simplify the implementation of Rel-18 mDCI based STxMP PUSCH+PUSCH, such restrictions should also be adopted.

Proposal 14: For the two scheduled PUSCH in mDCI based STxMP PUSCH+PUSCH, support the same 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.

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



For mDCI based STxMP PUSCH+PUSCH, two CB/NCB SRS resource sets are configured. In RAN1#111, it was agreed that the first SRS resource set is associated with coresetPoolIndex value 0 and the other SRS resource set is associated with coresetPoolIndex value 1. One remaining issue is the definition of the first resource set. In our view, the first SRS resource set can be the SRS resource set with the lower set ID and the other SRS resource set can be the SRS resource set with the higher ID. 

Proposal 15: For mDCI based STxMP PUSCH+PUSCH, the first SRS resource set is the SRS resource set with lower set ID, while the other SRS resource set is the SRS resource set with higher set ID.

Another issue is the number of SRS resources in a resource set and the number of ports for SRS resources. Similar to sDCI-based SDM/SFN PUSCH, we suggest the following proposals.

Proposal 16: For mDCI based STxMP PUSCH+PUSCH, support up to 2 SRS resources in a set. The number of SRS resources in the two sets can be different.

Proposal 17: For mDCI based STxMP PUSCH+PUSCH, support up to 4 ports for an SRS resource. The number of ports for the SRS resources in two different sets can be different.

Regarding maxRank configuration, similar design in as in sDCI-based SDM PUSCH can be adopted. Namely; an independent maxRank is configured for each panel. 

Proposal 18: For mDCI based STxMP PUSCH+PUSCH, support configuring separate maximal numbers of layers for the first SRS resource set and the second SRS resource set.

3. 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
Agreement
Support CG PUSCH + CG PUSCH in multi-DCI based STxMP PUSCH+PUSCH transmission.




PUSCH-TRP association should be discussed in 9.1.1.1 AI as it is related to the beam determination in unified TCI framework for mTRP. More details on our views can be found in our companion paper [2]. 

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, these rules should be updated. For example, if UE is able to perform STxMP and the pair of TCI states (one for CG and one for DG) can be used to simultaneously transmit, then both PUSCH transmissions could be performed. Otherwise, one of the PUSCH transmissions, e.g. CG-PUSCH resource in the current period, may be dropped. 

Proposal 19: For mDCI based STxMP CG-PUSCH+DG-PUSCH, the legacy dropping rules of overlapping CG- PUSCH and DG-PUSCH should be updated.

In addition, for mDCI based STxMP CG-PUSCH+DG-PUSCH, dropping rules due to UE Tx power limitation should be considered.  For example, if an ongoing PUSCH transmission, e.g., DG-PUSCH,  has already used most of the maximum transmission power Pcmax, the other PUSCH, e.g. CG-PUSCH, that is overlapped with the ongoing PUSCH should be dropped. 

Proposal 20: For mDCI based STxMP CG-PUSCH+DG-PUSCH, dropping rules due to UE Tx power limitation should be considered.  

Conclusions 
Proposals：
Proposal 1: Support DFT-s-OFDM waveform for sDCI based SFN PUSCH and mDCI based PUSCH+PUSCH.
· For SFN PUSCH, the number of layers is limited to 1;
· For mDCI based PUSCH+PUSCH, the number of layers for each PUSCH is limited to 1.

Proposal 2: Support DFT-s-OFDM sDCI based SDM PUSCH for the layer combination {1+1}.

Proposal 3: For the layer combination {1+2} for sDCI based SDM PUSCH, support Option 3 in RAN1 #111 agreement to derive the association between DMRS ports and transmission layers.

Proposal 4: For sDCI based SDM PUSCH, support configuring separate maximal numbers of layers for the first SRS resource set and the second SRS resource set for SDM based STxMP (i.e., Alt 2 in RAN1 #111 agreement).

Proposal 5: For sTRP transmission, support configuring one additional maximal numbers of layers in addition to maxRank in current spec (i.e., Option 2 in RAN1 #111 agreement).

Proposal 6: For sDCI based SDM CB PUSCH, SRS resources of different sets may have different number of antenna ports.

Proposal 7: For sDCI based SDM CB/NCB PUSCH, the two configured SRS resource sets may have different number of SRS resources.

Proposal 8: A 2-bits ‘PTRS-DMRS association’ field is used to indicate the associated DMRS port of each PTRS port.
· The first bit indicates whether the first or the second DMRS port among the DMRS ports associated with the first SRI/TPMI is associated with the first PTRS;
· The second bit indicates whether the first or the second DMRS port among the DMRS ports associated with the second SRI/TPMI is associated with the second PTRS.

Proposal 9: For STxMP PUSCH, panel specific codebook capability reporting should be supported.

Proposal 10: For UCI multiplexing on STxMP PUSCH, study whether or not to support panel specific PUCCH bit rate and/or PUCCH REs ratio configuration to adapt to the different pathloss/channel conditions of the two panels. 

Proposal 11: For sDCI based SFN PUSCH, support up to 2 SRS resources in a set. The number of SRS resources in the two sets can be different.

Proposal 12: For sDCI based SFN PUSCH, support up to 4 ports for an SRS resource. The number of ports for the SRS resources in two different sets can be different.

Proposal 13: For mDCI based STxMP PUSCH+PUSCH, the number of layers of each PUSCH is up to 2 layers.

Proposal 14: For the two scheduled PUSCH in mDCI based STxMP PUSCH+PUSCH, support the same 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 15: For mDCI based STxMP PUSCH+PUSCH, the first SRS resource set is the SRS resource set with lower set ID, while the other SRS resource set is the SRS resource set with higher set ID.

Proposal 16: For mDCI based STxMP PUSCH+PUSCH, support up to 2 SRS resources in a set. The number of SRS resources in the two sets can be different.

Proposal 17: For mDCI based STxMP PUSCH+PUSCH, support up to 4 ports for an SRS resource. The number of ports for the SRS resources in two different sets can be different.

Proposal 18: For mDCI based STxMP PUSCH+PUSCH, support configuring separate maximal numbers of layers for the first SRS resource set and the second SRS resource set.

Proposal 19: For mDCI based STxMP CG-PUSCH+DG-PUSCH, the legacy dropping rules of overlapping CG- PUSCH and DG-PUSCH should be updated.

Proposal 20: For mDCI based STxMP CG-PUSCH+DG-PUSCH, dropping rules due to UE Tx power limitation should be considered.  

Observations：

Observation 1: In legacy UL transmission, transmitting multiple layers with DFT-s-OFDM may break the single carrier property of DFT-s-OFDM and may lead to an increase in PAPR. However, in the SDM PUSCH transmission with the layer combination {1+1}, the single carrier property of DFT-s-OFDM is maintained.
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