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Introduction
In this contribution, we provide our views on RAN1#112b meeting agreements and discuss some of our considerations for sDCI/mDCI based STxMP transmission of PUSCH/PUCCH.
Discussion
0. DFT-s-OFDM support for STxMP
It was discussed in RAN1#112bis-e whether DFT-s-OFDM waveform is supported for STxMP. In current specifications, DFT-s-OFDM waveform is supported for UL transmission where the number of transmission layers is limited to 1. DFT-s-OFDM is usually used in a coverage limited scenario which is also a target use case of STxMP. Therefore, it is well-justified to support DFT-s-OFDM for STxMP.
Three transmission schemes are supported for STxMP, i.e., SDM, SFN and mDCI based STxMP. In SFN transmission, the same layer(s) of a PUSCH are transmitted by the two panels in an SFN manner. Similar to the legacy DFT-s-OFDM based transmission, if DFT-s-OFDM is configured for SFN, the number of PUSCH layers should be limited to 1. In mDCI based STxMP, two PUSCHs are transmitted from the two panels, respectively. If DFT-s-OFDM is configured for mDCI based STxMP, the number of layers for each PUSCH should be limited 1. As such, the legacy rank 1 restriction of each DFT-s-OFDM based PUSCH transmission would still be satisfied.
In RAN1 112, some companies mentioned that the spec impact of supporting DFT-s-OFDM for SFN and mDCI based STxMP should be clarified. To our understanding, the support for DFT-s-OFDM for SFN and mDCI based STxMP does not require any spec impact. To clarify, to support DFT-s-OFDM, the restriction of a single layer transmission per PUSCH is already imposed in the current spec. In the current spec, when DFT-s-OFDM is configured (transform precoding is enabled), the corresponding TPMI tables only contain precoders with one layer. Similarly, the two TPMIs indicated for SFN PUSCH or mDCI based STxMP PUSCH would only have one layer and the same TPMI tables as in the current spec can be reused. 
Observation 1: The support for a single-layer DFT-s-OFDM SFN PUSCH or a single-layer DFT-s-OFDM per PUSCH for mDCI based STxMP does not have any specification impact. In particular, current TPMI tables applicable to DFT-s-OFDM can be reused for DFT-s-OFDM based SFN and mDCI based STxMP transmission. 
Above discussion shows that, in fact, a single-layer DFT-s-OFDM SFN PUSCH or a single-layer DFT-s-OFDM per PUSCH for mDCI based STxMP is already supported in the specifications. However, this is apparently not a consensus among all companies. Therefore, RAN1 still needs to have the common understanding that single-layer DFT-s-OFDM is supported for SFN and mDCI based STxMP. Otherwise, gNB may not configure a single-layer DFT-s-OFDM SFN PUSCH or a single-layer DFT-s-OFDM per PUSCH for mDCI based STxMP, as it does not know whether the UE vendor would support it. Therefore, we suggest the following proposal.
Proposal 1: Support DFT-s-OFDM for SFN and mDCI based STxMP.
· For SFN, the number of layers is limited to 1;
· For mDCI based STxMP, the number of layers for each PUSCH is limited to 1;
Note: No spec impact is expected to support DFT-s-OFDM for SFN and mDCI based STxMP. Current TPMI tables for DFT-s-OFDM can be reused to support above two schemes.
For SDM transmission, the number of PUSCH layers is at least 2 and, unlike in the case of SFN or mDCI-based STxMP, it is not possible to restrict the number of layers of each PUSCH to 1. Therefore, whether to support DFT-s-OFDM for SDM may need more discussion. In the current specifications, more than 1 layer is not supported when DFT-s-OFDM is configured since, 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 a cross mapping in precoding, i.e., both layers are mapped to the same antenna ports. This would disrupt 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 preserved. 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 2: In legacy UL transmission, transmitting multiple layers with DFT-s-OFDM may disrupt the single carrier property of DFT-s-OFDM and lead to an increase in PAPR. However, in SDM transmission with the layer combination {1+1}, the single carrier property of DFT-s-OFDM is maintained and, hence, the benefit of DFT-s-OFDM can be fully preserved.
Similar to the case of DFT-s-OFDM for SFN and mDCI based STxMP, the support for DFT-s-OFDM for SDM does not involve any spec impact as the same TPMI tables for DFT-s-OFDM in the current spec can be reused for the single-layer SDM transmission from each panel.
Proposal 2: Support DFT-s-OFDM for SDM transmission in which only one layer per panel is transmitted.
Note: No spec impact is expected to support DFT-s-OFDM for SDM based STxMP. Current TPMI tables for DFT-s-OFDM can be reused to support above scheme.

0. SDM based STxMP of PUSCH
1. Maximum number of layers for sTRP and SDM based STxMP
	Working Assumption (RAN1 112)
For dynamic switching between STxMP SDM scheme and sTRP transmission, support the following:
· For sTRP transmission: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) as in current spec (i.e., Option 1)
· For SDM scheme: configure one single maximal number of layers (separate from maxRank (or Lmax) for sTRP) that is applied to the first SRS resource set and the second SRS resource set, separately (i.e., Alt1)
· [bookmark: _Hlk130999444]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


In RAN1#112 [1], a working assumption was achieved on the maximum number of layers for each panel for sTRP and SDM based STxMP schemes. This working assumption is based on the underlying common understanding that only symmetric panels are supported in Rel-18 STxMP. Considering the limited remaining TUs in Rel-18 and a substantial specification impact required to support asymmetric panels, we prefer to confirm the working assumption.
Proposal 3: Confirm the working assumption in RAN1 112 regarding the maximal number of layers of sTRP and SDM schemes.

According to the WA, one remaining issue is whether/how to enable the case that the total number of used PUSCH antenna ports for the sTRP and SDM is the same which corresponds to the architecture in which digital ports are shared between the panels. This will be further discussed in the next section.
1. Supporting of shared digital ports based SDM STxMP
The case that maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same was discussed in RAN1#112bis-e and the following proposal that is captured in the Chair’s notes [2] was objected by one company. 

	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.



In RAN1#112bis-e, most companies supported enabling the case that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same. This corresponds to the case that digital ports are shared between the two panels. In our understanding, sharing digital ports between the two panels is an attractive architecture specially for lower-cost devices and it also allows a more transmission flexibility by pooling the PUSCH ports of both panels for sTRP-based transmission. Further, in general, the probability of the presence of a highly favorable channel condition for a rank 4 transmission from a single panel is quite low while it is more likely that the channel is good enough to facilitate a {2+2}-layer SDM transmission in which only 2 layers are transmitted from each panel. Therefore, although for a shared digital port architecture, the LLS results may not show a significant advantage of a {2+2}-layer SDM transmission over a 4-layer sTRP transmission, it is more likely that a {2+2}-layer SDM is actually used in a real world scenario than a 4-layer sTRP. Thus, we propose the following.

Proposal 4: As an optional UE feature, support the case that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN is the same as the maximal total number of used PUSCH antenna ports for sTRP. 

To analyze the pros and cons of the listed alternatives in above Proposal 1.3, as an example, let us consider the case that UE has 4 digital ports with 4 PUSCH ports per panel. For Alt1, gNB configures a 4-port SRS resource for each panel to measure a 4-port channel and indicates a precoder to the UE. The PUSCH ports used for Panel 1 and Panel 2 are implicitly indicated by the non-zero rows of the precoder. For example, if, for a {2+2}-layer SDM transmission, the gNB indicates  for Panel 1 and  for Panel 2, then ports 1 and 2 are associated with Panel 1, and ports 3 and 4 are associated with Panel 2. A major downside of Alt1 is that, according to Table 6.3.1.5-3 in 38.211, only partially coherent and non-coherent codebooks (TPMI indexes 0-11) can be indicated for a rank 1 SDM transmission. In turn, according to Table 6.3.1.5-5 in 38.211, only non-coherent codebooks (TPMI indexes 0-5) can be supported for a rank 2 SDM transmission. It is straightforward to verify that, for a rank 2 SDM transmission, the equivalent precoder for each panel is always. This may cause a significant performance loss as the supported precoders merely select the PUSCH ports without providing any multiplexing gain. 

Observation 3: For Alt 1 with rank 2 SDM transmission, only non-coherent precoders are supported. Further, the equivalent precoder for each panel is always which may cause a significant performance loss.

For Alt 2, each SRS resource set contains a 2-port SRS resource for SDM channel measurement and a 4-port SRS resource for sTRP channel measurement. However, the channel measured by the 2-port SRS resource is a subset of the channel measured by the 4-port SRS resource. Therefore,  it is redundant to configure a dedicated 2-port SRS resource for the SDM channel measurement. Such a redundant SRS transmission only increases the overhead without any benefit. For Alt2, once the SDM precoders are indicated, UE uses the same ports that have been used for the SRS transmission to transmit the PUSCH.  

Observation 4: For Alt2, it is redundant to configure SRS resources with different number of ports in one SRS resource set for sTRP transmission and STxMP SDM/SFN transmission as the channel of all ports can be measured using the SRS resource for sTRP transmission.

For Alt 3, the PUSCH ports used for Panel 1 and Panel 2 SDM transmissions are known at both NW and the UE beforehand. For our example where UE has 4 digital ports with 4 PUSCH ports per panel, UE may be configured to transmit a single 4-port SRS resource per panel. If, for instance, PUSCH ports {1,3} ({2,4}) are used for Panel 1 (Panel 2) SDM transmission, gNB measures the channel corresponding to ports {1,3} ({2,4}) of Panel 1 (Panel 2) by measuring the 4-port SRS resource that is transmitted from Panel 1 (Panel 2) and indicates a 2-port TPMI for each of the two panels.

Alt 4 is similar to Alt 3 in principle, except that, for Alt4, the used ports at each panel for SDM transmission are reported by the UE rather than being semi-statically configured or fixed. This provides a more flexibility for UE implementation compared to Alt3. 

Alt5 tampers the indicated TPMI which results in a performance degradation. gNB indicates the precoder based on the channel measurements and replacing some rows of the indicated precoder with zero makes the obtained precoder completely irrelevant to the measured channel. In our example where UE has 4 digital ports with 4 PUSCH ports per panel, it is evident that using a two-port indicated TPMI that is calculated at the gNB based on channel measurements (as in Alt3 or Alt4) results in a better performance than using a 4-port indicated TPMI that is also obtained based on channel measurements but is then artificially reduced to a 2-port precoder by replacing two of its rows with zeros. 

Proposal 5: To enable the case that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same, support Alt 3 or Alt 4 in Proposal 1.3 of FL summary in RAN1#112bis-e.

1. TPMI indication sTRP and SDM based STxMP
In this section, we focus on TPMI indication for CB based sTRP and SDM scheme. SRI indication for NCB based sTRP and SDM scheme follows a similar principle. We consider the agreement in the last meeting [2] as a starting point.
	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.



To support dynamic switching between sTRP and SDM schemes and avoid a complexity increase for DCI detection, it is necessary to align the bit-size for TPMI indication in sTRP and SDM transmission. For sTRP transmission, one TPMI is indicated while, for SDM transmission, two TPMIs are indicated. Therefore, it should be ensured that, including possible zero padding/padding bits, the total number of bits of the two TPMI fields for the SDM transmission is equal to the number of bits of the single TPMI field for the sTRP transmission. 
In what follows, we analyze the pros and cons of the four alternatives in the above agreement. We assume that LsTRP is the number of bits needed for the TPMI indication in the sTRP transmission and LSDM,1 and LSDM,2 are the number of bits needed for the TPMI indication corresponding to the first panel and the second panel in the SDM transmission, respectively. To keep the discussion general, we do not assume LSDM,1 and LSDM,2 are necessarily equal, however, our conclusions equally hold for the case that LSDM,1 =LSDM,2. Before going to the detailed analysis, note that LsTRP can be up to two bits larger than LSDM,1 and LSDM,2. Two examples follow:
· Example 1 (for an unshared digital port scenario where the number of SRS ports for sTRP and SDM for each panel is the same):
(codebooksubset= noncoherent; antenna ports = 4 (for both sTRP and for each panel of SDM); transform precoder = disabled; ul-FullPowerTransmission not configured): 
If maxRank_sTRP = 2, TPMI field size is 4 according to Table 7.3.1.1.2-2 and if maxRank_SDM = 1, TPMI field is 2 according to Table 7.3.1.1.2-3.
· Example 2 (for a shared digital port scenario where the number of SRS ports for SDM for each panel is less than the number of SRS ports for sTRP):
(codebooksubset= fullyAndPartialAndNonCoherent; antenna ports = 4 for sTRP and 2 for each panel of SDM); transform precoder = disabled; ul-FullPowerTransmission not configured): 
If maxRank_sTRP = 2/3/4, TPMI field size is 6 according to Table 7.3.1.1.2-2 and if maxRank_SDM = 2, TPMI field size is 4 according to Table 7.3.1.1.2-4.

For Alt 1, the size of the first TPMI field is max{LsTRP, LSDM,1}. In turn, the size of the second TPMI field is LSDM,2. For the sTRP transmission, the second TPMI field is reserved. Above design is simple, but it increases the DCI overhead. For example, when 6 bits are needed for the TPMI indication in the sTRP transmission and 4 bits are need for the TPMI indication for each panel in the SDM transmission, above design consumes 10 DCI bits while, for sTRP and SDM TPMI indication, the total number of 6 and 4+4=8 bits are required, respectively. Such waste of DCI bits is due to the facts that, regardless of the actual transmission scheme, the first TPMI field has the maximum length between the bit length required for the sTRP and the SDM TMPI indication and, further, all bits of the second TPMI field are unused in the case of sTRP transmission.  
For Alt 4, the size of the first TPMI field and the second TPMI field are both max{LsTRP, LSDM,1}, which is even larger than the bit size of TPMI fields in Alt 1. Taking the above example again, when 6 bits are needed for sTRP TPMI indication and 4 bits are need for SDM TPMI indication, Alt 4 needs 12 DCI bits.
For Alt 3, the size of each SDM TPMI field LSDM,1 or LSDM,2 (without considering possible padding bits) equals to the actual number of required bits for the TPMI indication for each panel, which, can be derived based partly on the number of the available SRS ports for the SDM transmission (all ports or a reported subset of ports of the configured SRS resources; see section 2.2.2). In turn, the size of TPMI for sTRP transmission LsTRP (without considering possible padding bits) equals to the actual number of required bits for the TPMI indication for sTRP.
There are two possible cases regarding the lengths of the two SDM TPMI fields comparing to the length of the sTRP TPMI field:
· Case 1: The total number of required bits for the two SDM TPMI indications is not smaller than the number of bits required for the sTRP TPMI indication, that is, LSDM,1 + LSDM,2 >= LsTRP (See the left subfigure of Figure 4)
· Case 2: The total number of required bits for the two SDM TPMI indications is smaller than the number of bits required for the sTRP TPMI indication, that is, LSDM,1 + LSDM,2 < LsTRP (See the left subfigure of Figure 5) 
In the first case, LsTRP bits of the LSDM,1 + LSDM,2 bits are used to indicate the TPMI for sTRP transmission. Other LSDM,1 + LSDM,2 - LsTRP bits are ignored by the UE or padded with zero as shown in the right subfigure of Figure 4. 
In the second case, in order to indicate sTRP TPMI, additional LsTRP – (LSDM,1 + LSDM,2) bits are required. To accommodate this, LsTRP – (LSDM,1 + LSDM,2) padding bits are included in the DCI, e.g., behind the second TPMI field. The two TPMI fields and the padding bits are concatenated together to indicate the sTRP TPMI as shown in the right subfigure of Figure 5. The presence and the length of the padding bits can be configured by gNB or derived by UE based on LsTRP, LSDM,1, and LSDM,2: The padding bits is present in DCI only when LSDM,1 + LSDM,2 is smaller than LsTRP and its length is LsTRP – (LSDM,1 + LSDM,2).
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Figure 4. Case 1: LSDM,1 + LSDM,2 >= LsTRP
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Figure 5. Case 2: LSDM,1 + LSDM,2 < LsTRP
For Alt 3, the total number of bits used for TPMI indication is max{LsTRP, LSDM,1+LSDM,2} which is smaller than Alt 1 and Alt 4. Taking above example again, when 6 bits are needed for sTRP TPMI indication and 4 bits are need for SDM TPMI indication for each panel, only 8 bits are needed for TPMI indication for both sTRP and SDM case.
For Alt 2, the DCI size is the same with Alt 3. However, in Alt 2, the numbers of TPMI fields for sTRP and SDM are different. Furthermore, the numbers of total bits used for TPMI indication in sTRP and SDM are also different. This would introduce the following two issues:
· The description of the TPMI fields would be complicated and we may need to introduce three TPMI fields in the DCI, with one for sTRP and two for SDM. 
· The number of bits used for the TPMI indication would dynamically change based on the value of ‘SRS resource set indicator’. When the value of ‘SRS resource set indicator’ is ‘00’ or ‘01’, the number of bits for the TPMI indication is LsTRP; while, when the value of ‘SRS resource set indicator’ is ‘10’, the number of bits for the TPMI indication is LSDM,1+LSDM,2. Dynamically changing the size of a DCI field would increase the complexity of DCI detection. Even through padding bits at the end of DCI can alleviate the issue, it is an unpopular design since Rel-15 and is only adopted in very few cases. We think such a design should be avoided if other alternatives are also available.
Comparing all the alternatives, Alt 3 has smaller DCI overhead than Alt 1 and Alt 4, and is simpler than Alt 2. Therefore, we prefer Alt 3.
Proposal 6: For SRI/TPMI field design, support Alt 3, i.e., two TPMI fields are present in DCI. The lengths of each TPMI field is derived based on the maximum number of layers and the number of SRS ports used for SDM transmission from the corresponding panel.
For sTRP TPMI indication, the two TPMI fields are concatenated as one TPMI field as follows to reduce the DCI payload:
· If the total number of bits of the two TPMI fields LSDM,1 + LSDM,2 is not smaller than the LsTRP bits needed for the sTRP TPMI indication, the first LSDM,1 + LSDM,2 - LsTRP bits of the bit string that carries the two TPMI fields is ignored by the UE (reserved or zero padded);
· If the total number of bits of the two TPMI fields LSDM,1 + LSDM,2 is smaller than the LsTRP bits needed for the sTRP TPMI indication, LsTRP – (LSDM,1 + LSDM,2) padding bits are further concatenated with the two TPMI fields.

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



For SDM, it was agreed that the actual number of PTRS ports is 2 and the 2-bit “PTRS-DMRS association” DCI field is used to indicate the PTRS-DMRS association for the DMRS ports associated with the two TMPI/SRI fields. It is possible that the number of PTRS ports needed for sTRP transmission is one while the number of PTRS ports needed for SDM transmission is two. If legacy maxNrofPorts =2 is configured, it does impose a restriction on the sTRP transmission. Therefore, regarding the FFS of the above agreement, an additional RRC configuration for the max number of PTRS ports is needed for the SDM transmission.

Proposal 7: Support to configure additional RRC parameter for the max number of PTRS ports for SDM transmission.

1. Codebook capability reporting
In current specification, UE reports the supported codebook type by UE 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 the 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, the legacy mechanism on reporting a single 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, if the legacy mechanism is used, ‘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 for STxMP.

Observation 5: Legacy UE level codebook capability reporting is not applicable to STxMP as the two panels may have different codebook capabilities.

Proposal 8: Panel specific codebook capability reporting should be supported for STxMP.

1. UCI multiplexing with STxMP of PUSCH 
NR supports UCI multiplexing with PUSCH since Rel-15. When UCI and UL data are present at the same time, they can be multiplexed in the same PUSCH resource. UCI includes essential UL information. Therefore, its coverage is important and 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, specifications allow 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. 
Different layer combinations are supported in SDM STxMP and independent precoding matrices can be applied to each panel in both SDM and SFN STxMP. The precoder is usually selected based on the channel measurement and independent power controls for the two panels seem to be agreeable among companies. Both independent precoder and power control designs stem from the assumption that, in general, the channel of two panels are different. For the sDCI based STxMP scenario, UCI may also be multiplexed with STxMP PUSCH. However, if the legacy UCI multiplexing is used where only one betaOffsets and one scaling are applied to both panels, the multiplexed UCI transmission would not be adapted to different channel/pathloss of two panel-specific links. To solve this issue, panel-specific betaOffsets and scaling should be supported. For example, two betaOffsets and scaling can be configured in UCI-OnPUSCH, or similar to the legacy releases, two betaOffsets can be indicated by DCI if betaOffsets configured as ‘dynamic’.

Proposal 9: To adapt to different pathloss/channel conditions of the two panels, for UCI multiplexing on STxMP PUSCH, panel specific PUCCH bit rate and/or PUCCH REs ratio configuration should be supported. 

0. Full-power mode configuration 

	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 RAN1#112bis-e, it was left for further study whether to support two different full power mode configurations for different panels. Due to the limited time, we prefer to support only the same full power mode configuration for both SRS resource sets.

Proposal 10: Support only the same full power mode configuration for both SRS resource sets.

0. mDCI based STxMP of PUSCH
DMRS configuration
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 11: 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. 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 [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, 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 for simultaneous transmission, 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. 

[bookmark: _Hlk131599134]Proposal 12: For mDCI based STxMP CG-PUSCH+DG-PUSCH, unless TCI states for CG-PUSCH and DG-PUSCH can be simultaneously used for transmission, one of the PUSCH transmissions should be dropped.

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 13: For mDCI based STxMP CG-PUSCH+DG-PUSCH, dropping rules due to UE Tx power limitation should be considered.  
3. UCI multiplexing

	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 the last meeting [2], regarding to the UCI multiplexing for mDCI based STxMP, three options were listed for down-selection. Among the three options, Option 1 is is simple functional solution. Option 2 does not work for non-ideal backhaul scenarios as the UCI that corresponds to TRP1 may end up being multiplexed in a PUSCH that is transmitted to TRP2. Option 3 is in fact a combination of Option 1 and Option 2 where when joint HARQ-ACK feedback is configured, Option 2 is used and when separate HARQ-ACK feedback is configured, Option 1 is used. While Option 3 may be a functional solution, in our view, it is unnecessarily complicated with a larger spec impact. 
Based on above discussion, we prefer option 1, i.e., the UCI is multiplexed into the PUSCH associated with the same TRP and the legacy PUSCH priority order for UCI multiplexing is applied for the same TRP. Regarding “FFS: determining the PUSCH associated with the same TRP” in Option 1, we think the PUSCH and PUCCH that are associated with the same CORESETPoolIndex are also associated with the same TRP.

Proposal 14: For UCI multiplexing with PUSCH, support Option 1 in RAN1 112bis-e agreement. 
· Regarding “FFS: determining the PUSCH associated with the same TRP” in Option 1, the PUSCH and PUCCH that are associated with the same CORESETPoolIndex are also associated with the same TRP.

Beam reporting for STxMP
	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


To support STxMP, gNB needs to acquire the beam pairs used for simultaneous UL transmission. In the last meeting, three alternatives were provided for down selection.
In Alt 1, each reported pair of CRIs/SSBRIs is used for both simultaneous UL transmission and DL reception. This is a strong restriction. To our understanding, simultaneous UL transmission and simultaneous DL reception are two independent functions. gNB may only want to conduct simultaneous UL transmission or simultaneous DL reception at a time and, always combining these two functions together is not a reasonable design. Further, there may be a pair of CRIs/SSBRIs that can be used for simultaneous UL transmission (DL reception) but are not usable for simultaneous DL reception (UL transmission). If Alt1 is adopted, such a pair of CRIs/SSBRIs is never reported; reducing the chance that either of the simultaneous DL reception or simultaneous UL transmission to be actually used in practice.
In Alt 2, a new reporting mechanism is introduced in which each reported pair of CRIs or SSBRIs can be used for simultaneous UL transmission. This mechanism is independent from the legacy Rel-15/Rel-17 group-based beam reporting and is simple and functional. One downside of Alt2 may be that it only informs gNB regarding the applicable simultaneous UL beam pairs. Therefore, if gNB additionally needs to perform simultaneous DL transmission, it still requires to configure Rel-17 group-based beam report. 
Alt3 somehow combines the Rel-17 group-based beam report for simultaneous DL transmission and the new Rel-18 group-based beam report for simultaneous UL transmission and, hence, does not have the downside of Alt2. However, UE may not be capable of reporting a beam pair for both simultaneous DL and UL transmission in the same report. Overall, between Alt2 and Alt3, we slightly prefer Alt2. 
Proposal 15: Support Alt 2 in the agreement in RAN1 112bis-e for beam pair acquisition for STxMP:
· 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.

In current spec, UE capability index cannot be reported in group-based beam reporting. No matter which one of the above alternatives is adopted, without the knowledge of the number of SRS ports for the panel corresponding to each CRI/SSBRI in a CRI/SSBRI pair, gNB cannot know how many ports should be configured for the SRS resources in the two CB/NCB SRS resource set. Therefore, UE capability index for each reported CRI/SSBRI should be also reported.
Proposal 16: Support reporting UE capability index for each CRI/SSBRI in each reported CRI/SSBRI pair.

RRC parameters
A list of RRC parameters is provided in Appendix A.

Conclusions 
In this contribution, we have the following observations and proposals

Proposals:
Proposal 1: Support DFT-s-OFDM for SFN and mDCI based STxMP.
· For SFN, the number of layers is limited to 1;
· For mDCI based STxMP, the number of layers for each PUSCH is limited to 1;
Note: No spec impact is expected to support DFT-s-OFDM for SFN and mDCI based STxMP. Current TPMI tables for DFT-s-OFDM can be reused to support above two schemes.

Proposal 2: Support DFT-s-OFDM for SDM transmission in which only one layer per panel is transmitted.
Note: No spec impact is expected to support DFT-s-OFDM for SDM based STxMP. Current TPMI tables for DFT-s-OFDM can be reused to support above scheme.

Proposal 3: Confirm the working assumption in RAN1 112 regarding the maximal number of layers of sTRP and SDM schemes.

Proposal 4: As an optional UE feature, support the case that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN is the same as the maximal total number of used PUSCH antenna ports for sTRP.

Proposal 5: To enable the case that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same, support Alt 3 or Alt 4 in Proposal 1.3 of FL summary in RAN1#112bis-e.

Proposal 6: For SRI/TPMI field design, support Alt 3, i.e., two TPMI fields are present in DCI. The lengths of each TPMI field is derived based on the maximum number of layers and the number of SRS ports used for SDM transmission from the corresponding panel.
For sTRP TPMI indication, the two TPMI fields are concatenated as one TPMI field as follows to reduce the DCI payload:
· If the total number of bits of the two TPMI fields LSDM,1 + LSDM,2 is not smaller than the LsTRP bits needed for the sTRP TPMI indication, the first LSDM,1 + LSDM,2 - LsTRP bits of the bit string that carries the two TPMI fields is ignored by the UE (reserved or zero padded);
· If the total number of bits of the two TPMI fields LSDM,1 + LSDM,2 is smaller than the LsTRP bits needed for the sTRP TPMI indication, LsTRP – (LSDM,1 + LSDM,2) padding bits are further concatenated with the two TPMI fields.

Proposal 7: Support to configure additional RRC parameter for the max number of PTRS ports for SDM transmission.

Proposal 8: Panel specific codebook capability reporting should be supported for STxMP.

Proposal 9: To adapt to different pathloss/channel conditions of the two panels, for UCI multiplexing on STxMP PUSCH, panel specific PUCCH bit rate and/or PUCCH REs ratio configuration should be supported. 

Proposal 10: Support only the same full power mode configuration for both SRS resource sets.

Proposal 11: 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 12: For mDCI based STxMP CG-PUSCH+DG-PUSCH, unless TCI states for CG-PUSCH and DG-PUSCH can be simultaneously used for transmission, one of the PUSCH transmissions should be dropped.

Proposal 13: For mDCI based STxMP CG-PUSCH+DG-PUSCH, dropping rules due to UE Tx power limitation should be considered.  

Proposal 14: For UCI multiplexing with PUSCH, support Option 1 in RAN1 112bis-e agreement. 
· Regarding “FFS: determining the PUSCH associated with the same TRP” in Option 1, the PUSCH and PUCCH that are associated with the same CORESETPoolIndex are also associated with the same TRP.

Proposal 15: Support Alt 2 in the agreement in RAN1 112bis-e for beam pair acquisition for STxMP:
· 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.

Proposal 16: Support reporting UE capability index for each CRI/SSBRI in each reported CRI/SSBRI pair.


Observations:
Observation 1: The support for a single-layer DFT-s-OFDM SFN PUSCH or a single-layer DFT-s-OFDM per PUSCH for mDCI based STxMP does not have any specification impact. In particular, current TPMI tables applicable to DFT-s-OFDM can be reused for DFT-s-OFDM based SFN and mDCI based STxMP transmission. 

Observation 2: In legacy UL transmission, transmitting multiple layers with DFT-s-OFDM may disrupt the single carrier property of DFT-s-OFDM and lead to an increase in PAPR. However, in SDM transmission with the layer combination {1+1}, the single carrier property of DFT-s-OFDM is maintained and, hence, the benefit of DFT-s-OFDM can be fully preserved.
Observation 3: For Alt 1 with rank 2 SDM transmission, only non-coherent precoders are supported. Further, the equivalent precoder for each panel is always which may cause a significant performance loss.

Observation 4: For Alt2, it is redundant to configure SRS resources with different number of ports in one SRS resource set for sTRP transmission and STxMP SDM/SFN transmission as the channel of all ports can be measured using the SRS resource for sTRP transmission.

Observation 5: Legacy UE level codebook capability reporting is not applicable to STxMP as the two panels may have different codebook capabilities.
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APPENDIX A

	Parameter name
	New or existing
	Description
	Value range
	Per (UE, cell, BWP,…)
	Comment

	[bookmark: _Hlk134628289]STxMPtxConfig
	New
	RRC configure {SDM, SFN}.
	{SDM, SFN }
	PUSCHConfig
	Note: Dynamic switching between TDM and sTRP, SFN and sTRP, SDM and sTRP schemes is supported.

	MaxRankSDM
	New
	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
	{1,2}
	PUSCHConfig
	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


	[bookmark: _GoBack]mDCIMaxRank
	New or Existing
	For mDCI PUSCH, the maxrank for each PUSCH is up to 2.
	{1,2}
	PUSCHConfig
	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

Note: It is up to RAN2 to introduce a new RRC parameter or use the legacy maxRank parameter. 

	MaxRankSFN
	New
	Configure a separate parameter for the maximal number of layers for STxMP SFN
	{1,2}
	PUSCHConfig
	Agreement
On dynamic switching between STxMP SFN scheme and sTRP transmission:
· The legacy maxRank/Lmax is applied to sTRP transmission
· For configuration of SFN,
· Alt2: Configure a separate parameter for the maximal number of layers for STxMP SFN


	SRS_resource_set_index
	New
	one SRS_resource_set_index value is configured in RRC in ConfiguredGrantConfig
	{0, 1}
	ConfiguredGrantConfig
	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 
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