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Introduction
In the Rel-18 WID for NR MIMO evolution [1], an objective to study and specify enhancements for the uplink MIMO is as follows:

	6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.



In this contribution, we discuss the issues about the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP, and the configuring STxMP scheme (single-DCI based STxMP SDM scheme, single-DCI based STxMP SFN scheme, multi-DCI based STxMP PUSCH+PUSCH).

Discussion
Regarding the PUSCH antenna ports for the STxMP SDM/SFN and sTRPs, the followings were made in the previous meetings [2-4]:

	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

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. 

Agreement
Confirm the following WA:
Working Assumption (RAN1 112)
For dynamic switching between STxMP SDM scheme and Strp transmission, support the following:
· For Strp transmission: The maximal number of layers of Strp transmission is configured by the maxRank (or Lmax) as in current spec (i.e., Option 1)
· For SDM scheme: configure one single maximal number of layers (separate from maxRank (or Lmax) for Strp) that is applied to the first SRS resource set and the second SRS resource set, separately (i.e., Alt1)
· FFS: Whether/How to enable that the total number of used PUSCH antenna ports for the SDM and Strp is the same. 
· Note: This corresponds to the case that digital ports are shared between the panels
· Note: RAN1 supports both implementations that digital ports are shared or separate among panels

Conclusion
There is no consensus on the following:
	To enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same, for CB-based PUSCH, down-select between Alt1 and Alt2 by RAN1#114:
· Alt1: The codebook subsets for sTRP and STxMP SDM/SFNtransmission can be separate. 
· If maxRank = 1 for SDM/SFN schemes and the legacy codebook subset (for sTRP) is configured as “fullyAndPartialAndNonCoherent” or “PartialAndNonCoherent”: 
· For 4-port SRS: Only TPMIs associated with “partialAndNonCoherent” can be indicated. 
· For 2-port SRS: Only TPMIs associated with “nonCoherent” can be indicated
· If maxRank = 2 for SDM/SFN schemes and the legacy codebook subset (for sTRP) is configured as “partialAndNonCoherent” or “fullyAndPartialAndNonCoherent”
· FFS: In addition to the TPMIs associated with “nonCoherent” for 1-layer or 2-layers, only TPMIs associated with “partialAndNonCoherent” for 1-layer with 4-port SRS can be indicated.
· FFS: Subject to UE capability, the non-zero elements in the precoders indicated by two TPMI fields should not correspond to same or overlapping precoder row index(es).
· For example: when maxRank=2 and the legacy codebook subset (for sTRP) is configured, as “partialAndNonCoherent” or “fullyAndPartialAndNonCoherent”,  for 2-layer transmission with 4-port SRS, TPMI 0 and  TPMI 1 cannot be indicated in the same DCI while  TPMI 0 and  TPMI 5 can be indicated in the same DCI.
· 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
· Note: This is an optional UE feature and related UE capability details will be discussed in UE feature session.
· If one Alt is down-selected at last:
· SRS resources from different SRS resource sets for CB/NCB cannot be transmitted in the same OFDM symbol
· introduce an inter-set guard period of  symbols subject to UE capability between two SRS resource sets for CB/NCB, where UE does not transmit any other signal on any symbol within the inter-set guard period.
· FFS: whether existing rules for simultaneous transmission of other uplink channels in the same or different CCs need to be enhanced
· Subject to UE capability, introduce a guard period of  symbols between two contiguous PUSCH transmissions if associated SRS resource set(s) is/are changed
· Note: The values of  and  can be discussed in UE feature session, which can be 0 or greater than 0.
· FFS: Support the UE to report whether it recommends the same or different maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP in RRC
· The RRC design is up to RAN2






In Rel-18, various discussions on dynamic switching of STxMP SDM schemes and sTRP transmissions were conducted to determine the maximum number of layers for sTRP transmissions and the maximum number of layers for SDM transmissions. As a result, (1) for sTRP transmissions, the maximum number of layers is maxRank (or Lmax), as was the behavior prior to Rel-18, and (2) for SDM schemes, the maximum number of layers applied to the first SRS resource set and the second SRS resource set is one each. However, discussions are still ongoing on whether and how the number of antenna ports for PUSCH transmissions used in SDM and sTRP is the same. An important consideration in this discussion is whether the digital ports are shared or separated between panels.
Figure 1 shows the case where the digital ports are separated between panels. If the digital ports are separated between panels, all four digital ports on the selected panel can be used for sTRP transmission. Similarly, all four digital ports on each of the two panels can be used for SDM transmission, for a total of eight digital ports available.
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Figure 1: sTRP and SDM transmission with separated digital ports
Figure 2 shows the case where the digital ports are shared between panels. For sTRP transmission, all four digital ports on the panel are available. For SDM, however, the four digital ports must be shared between the two transmit panels, so only a subset of these digital ports are available for each panel. 
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Figure 2: sTRP and SDM transmission with shared digital ports
Typically, the UE can select a precoder by mapping the TPMI field of the PUSCH transmission to the TPMI index of a selected TPMI table, where the TPMI table is selected based on several parameters, including the number of ports in the SRS resource for the PUSCH transmission. Thus, in case of the sTRP transmission, it is possible to operate in this manner regardless of whether digital ports are shared or not. If the digital ports are separated between the panels for the SDM scheme, the maximum number of layers for SDM PUSCH can be twice as many as for sTRP PUSCH, but the number of SRS ports per layer is the same as for sTRP, so it can be operated in the same way. However, if the digital ports are shared between the panels for the SDM scheme, the number of SRS ports per each panel will be reduced compared to sTRP (or SDM with unshared digital ports), which may require new configuration and settings. This means that, unlike in the case of sTRP transmission with shared/separated digital ports and SDM transmission with separated digital ports, the UE needs to report to the gNB of the (maximum) number of SRS resource sets within each panel or the number of available ports within the SRS resource sets, or the number of ports used within the SRS resource sets for the SDM transmission with shared digital ports. 
On the gNB side, based on this indication, the UL channel can be estimated based on the SRS ports available for SDM transmission. As a result, the appropriate TPMI values can be used for each panel. If the digital ports are shared between the panels in the SDM scheme, the number of SRS resource sets used in each panel should be reported to gNB. As shown in Figure 2, the SRS resource sets consist of up to four ports for sTRP transmission, and the SRS resource sets consist of two ports for SDM transmission. Thus, when the digital ports are shared between each panel in the SDM scheme, it is necessary to report the number of SRS resource sets and port information used by each panel. In this case, the number of SRS resource sets used for the SDM transmission can be set to a divisor of the number of SRS resource sets used for sTRP transmission assuming that the same number of SRS resource sets are used in each panel. If the UE does not report that, the gNB can assume that all SRS ports on each panel are available for the SDM transmission. If a different number of SRS resource sets are used in each panel, as shown in figure 3, the indication of the number of SRS resource sets used by each panel should be also reported to gNB.
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Figure 3: SDM transmission with shared digital ports using different number of SRS resource sets per panel 
As described above, the maximum number of PUSCH antenna ports used for STxMP SDM/SFN transmissions and sTRP transmissions can be different. If the maximum number of PUSCH antenna ports is different for sTRP and STxMP transmissions in codebook (CB)-based PUSCH transmissions, it is necessary to define different codebooks for sTRP and STxMP transmissions. To solve this, if an existing codebook is to be reused, the definition of different codebooks may require additional signaling in the DCI to specify the different codebooks for sTRP and STxMP transmission. Alternatively, another codebook may need to be defined in addition to the existing codebook. To reduce this burden, it can necessary to set the maximum number of PUSCH antenna ports used for STxMP and sTRP transmissions to be the same.
Proposal #1:
· To enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP transmission is the same,
· 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
Observation #1: 
· For sDCI based STxMP PUSCH SDM scheme, both symmetric and asymmetric panels can be considered to transmit.

On the other hand, when the digital ports are shared between the panels, since multiple panels are used for SRS transmissions, it can be necessary to impose restrictions on SRS transmissions. DL/UL signals cannot be transmitted or received during the switching time among the shared digital ports. Therefore, after the transmission using the first resource sets is complete, switching time should be required for the transfer using the second resource sets. To solve this problem, it can be assumed that a guard symbol of a certain length is introduced between SRS resource sets, and that there is no transmission during the guard symbol. 
Proposal #2: 
· To enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same,
· Introduce a guard symbol between two SRS resource sets, where UE does not transmit any other signal within the guard symbol.

For the configuring STxMP scheme, there were discussions about the switching among the STxMP SDM scheme, STxMP SFN scheme, or sTRP transmission, and the followings were made in previous meetings [2-4]:

	Conclusion
There is no consensus to support dynamic switching between STxMP SDM/SFN scheme and Rel-17 mTRP PUSCH TDM scheme

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

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

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.

Agreement
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SFN and sTRP transmission are interpreted and the design of SRI/TPMI fields are as follows:
· The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. 
· For the design of SRI/TPMI fields, re-use the design that is decided for dynamic switching between STxMP SDM and sTRP transmission.
· The codepoint 10 indicates STxMP SFN transmission with the first and second SRS resource set. 
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the second SRS resource set and they indicate the precoder(s)/SRI for the second SRS resource set (the rank is indicated by the first SRI field for NCB or the first TPMI field for CB)
· FFS: The codepoint 11 is reserved.

Agreement
For the codepoints 00 and 01 of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP transmission, support Alt1:
· Alt1: The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved.
· This design is also applied to the codepoints 00 and 01 of “SRS resource set indicator” in DCI for dynamic switching between STxMP SFN and sTRP transmission.

Agreement
Confirm the following WA:
Working Assumption (RAN1 112)
For dynamic switching between STxMP SDM scheme and Strp transmission, support the following:
· For Strp transmission: The maximal number of layers of Strp transmission is configured by the maxRank (or Lmax) as in current spec (i.e., Option 1)
· For SDM scheme: configure one single maximal number of layers (separate from maxRank (or Lmax) for Strp) that is applied to the first SRS resource set and the second SRS resource set, separately (i.e., Alt1)
· FFS: Whether/How to enable that the total number of used PUSCH antenna ports for the SDM and Strp is the same. 
· Note: This corresponds to the case that digital ports are shared between the panels
· Note: RAN1 supports both implementations that digital ports are shared or separate among panels



In NR MIMO, TDM-based repetition, STxMP SFN, and SDM (for PUSCH) scheme are used for the PUCCH and PUSCH transmission. In addition, there are agreements to support dynamic switching between STxMP SDM scheme and sTRP transmission, and between STxMP SFN scheme and sTRP transmission. RAN1 also supports RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme. One of the remaining issues is that how to configure the transmission schemes in RRC and how to configure the multi-DCI based STxMP PUSCH+PUSCH. Thus, the RRC parameter can be introduced to configure the Rel-17 mTRP PUSCH time domain repetition scheme, Rel-18 STxMP SDM scheme and Rel-18 STxMP SFN scheme for single-DCI based system. For multi-DCI based system, we can also introduce RRC parameter to configure the Rel-18 STxMP PUSCH+PUSCH. In this case, only one of mTRP TDM scheme, single-DCI based STxMP SDM scheme, single-DCI based STxMP SFN scheme, and multi-DCI based STxMP PUSCH+PUSCH can be configured by RRC.
Proposal #3: 
· For single-DCI based system, introduce RRC parameter to configure mTRP PUSCH time domain repetition, STxMP SDM scheme, and STxMP SFN scheme
· For multi-DCI based system, introduce RRC parameter to configure STxMP PUSCH+PUSCH.
· Only one of {mTRP TDM, single-DCI based STxMP SDM scheme, single-DCI based STxMP SFN scheme, multi-DCI based STxMP PUSCH+PUSCH} can be configured by RRC.

Conclusion
In this contribution, the following conclusions were made:
Proposal #1: 
· 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,
· 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
Observation #1: 
· For sDCI based STxMP PUSCH SDM scheme, both symmetric and asymmetric panels can be considered to transmit.
Proposal #2: 
· To enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same,
· Introduce a guard symbol between two SRS resource sets, where UE does not transmit any other signal within the guard symbol.
Proposal #3: 
· For single-DCI based system, introduce RRC parameter to configure mTRP PUSCH time domain repetition, STxMP SDM scheme, and STxMP SFN scheme
· For multi-DCI based system, introduce RRC parameter to configure STxMP PUSCH+PUSCH.
· Only one of {mTRP TDM, single-DCI based STxMP SDM scheme, single-DCI based STxMP SFN scheme, multi-DCI based STxMP PUSCH+PUSCH} can be configured by RRC.
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