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Introduction
In this paper, we discuss UL transmission enhancement to precoding indication for multi-panel transmission for Rel-18 NR MIMO WI 
	1. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.




Association of UE Panel/TCI/CDM for STxMP
In RAN1 109e meeting, the following agreements have been made.
	109e Agreement 
For STxMP PUSCH in single-DCI based mTRP system, study and evaluate the following schemes for PUSCH:
· SDM scheme: different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. 
· Study and evaluate whether to support 2 CWs in SDM manner and transmitted from two different panel simultaneously.
· FDM-B scheme: two PUSCH transmission occasions with same/different RV of the same TB are transmitted from different UE panels on non-overlapped frequency domain resources and the same time domain resources.
· FDM-A scheme: different parts of the frequency domain resource of one PUSCH transmission occasion are transmitted from different UE panels.
· SFN-based transmission scheme: all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously.
· SDM repetition scheme: two PUSCH transmission occasions with different RV of the same TB are transmitted from two different UE panels simultaneously.
Note: Companies are encouraged to evaluate the different schemes for possible down-selection in RAN1#110.
Note: other schemes are not precluded
109e Agreement 
For multi-DCI based STxMP PUSCH+PUSCH transmission, study and evaluate the following aspects:
· Two PUSCHs are associated with different TRPs and transmitted from different UE panels. The total number of layers of these two PUSCHs is up to 4.
· Study STxMP of PUSCH+PUSCH transmission where it is some combination of DG-PUSCH, CG-PUSCH and msg3/msgA PUSCH.
· The overlapping type(s) of fully/partially in time domain and fully/partially/non-overlapping in frequency domain are to be studied and justified for PUSCH+PUSCH.
Note: The above study shall take into account the UE implementation and RF considerations.
Note: Study the conditions required for STxMP PUSCH+PUSCH.
Note: Other aspects are not precluded.
109e Agreement 
Study if any enhancement is needed on DMRS port indication for the SDM scheme (if supported) of single-DCI based STxMP PUSCH 
· FFS how to map DMRS ports to two joint/UL TCI states/CWs/panels/TRPs/SRS resource sets/PUSCH layers for codebook-based and non-codebook based PUSCH respectively.




Panel-ID reporting:


[bookmark: _Ref110958281]Figure 1. UL STxMP Transmission
As listed above, different STxMP schemes and transmission scenarios have been identified to study. In order to schedule STxMP UL transmission, the gNB should be informed about the association between the UE panels and the gNB transmission beams that are reported by the UE in L1 reports. This can be done by the following steps.
· Step-0: gNB transmits SSBs/CSI-RSs in different CSI-RS resource sets through different TRPs.
· Step-1: The UE measures the received the RSRP of SSB/CSI-RS that is received from a panel. Then, the UE performs panel selection and reports RSRPs in CSI report, where each SSB/CSI-RSRP is associated with a panel-ID indicating through which panel the SSB/CSI-RSRP is measured.
· Step-2: According to the RSRP values with panel ID, the gNB can determine whether to schedule a STxMP transmission or a single-panel UL transmission.
For example, as shown in Figure 1, the UE reports the RSRP of CSI-RS resource 1 with the ID of panel-1 being associated and the RSRP of CSI-RS resource 2 with the ID of panel-2 being associated. Therefore, we have the following proposal.
Proposal-1: To support STxMP operation, gNB should be informed of the correspondence between UE panel-ID (e.g. UE capability value set index) and CSI-RS resource index or SSB index.
Note that a UE may have multiple physical panels. The panel-ID is a logical index for a physical panel which is determined and reported by the UE. This panel-ID could be a natural extension of the UE capability value set index that was introduced in Rel-17 for MP-UE fast panel switching as part of the unified TCI framework. A UE device may change its orientation and position from time to time, leading to the change of the optimal panel towards a TRP.
The information from panel-ID is used by the NW to select compatible TCI states for the uplink for a UE capable of STxMP operation. The indication of TCI states to the UE can follow Unified TCI framework extension to mTRP operation. The association of TCI states to UE panels can be fixed - the first and second TCI states could correspond to the first and second UE panels respectively.
Proposal-2: For STxMP operation, the first and second TCI states correspond to the first and second UE panels respectively.
Dynamic switching for STxMP:
Dynamic switching between single-panel transmission and multi-panel transmission in TDM fashion and STxMP transmission should be supported. 
Proposal-3: For STxMP operation, dynamic switching between single-panel transmission and multi-panel transmission in TDM fashion and STxMP transmission should be supported.
Next, similar to Rel-16 DL transmission, the number of CDM group for SDM STxMP PUSCH should be two, and the number of CDM group for FDM-A/B and SFN schemes can be one. And if 2 CDM groups are indicated, first TCI state can be associated with first CDM group determined by the first antenna port in the antenna port table. 
Proposal-4: To support STxMP operation, two CDM groups are used for SDM scheme, one CDM group is used for FDM-A/B and SFN schemes. 
· If 2 CDM groups are indicated, first TCI state is associated with first CDM group determined by the first antenna port in the antenna port table.


STxMP PUSCH Transmission Schemes
Single-DCI based PUSCH Transmission
	109e Agreement 
For STxMP PUSCH in single-DCI based mTRP system, study and evaluate the following schemes for PUSCH:
· SDM scheme: different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. 
· Study and evaluate whether to support 2 CWs in SDM manner and transmitted from two different panel simultaneously.
· FDM-B scheme: two PUSCH transmission occasions with same/different RV of the same TB are transmitted from different UE panels on non-overlapped frequency domain resources and the same time domain resources.
· FDM-A scheme: different parts of the frequency domain resource of one PUSCH transmission occasion are transmitted from different UE panels.
· SFN-based transmission scheme: all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously.
· SDM repetition scheme: two PUSCH transmission occasions with different RV of the same TB are transmitted from two different UE panels simultaneously.
Note: Companies are encouraged to evaluate the different schemes for possible down-selection in RAN1#110.
Note: other schemes are not precluded



Transmission Schemes
In last RAN1 meeting, different single-DCI based STxMP PUSCH schemes are identified to study, including SDM scheme, FDM-A/B schemes, SFN-scheme, and SDM repetition scheme, as listed in the above agreement. According to the companies’ proposals and last agreement, the main discussions are about whether to support SDM scheme with 2 CWs, SFN-based scheme, and the SDM repetition scheme, as shown in Figure 2.  
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In SDM scheme, if only a single CW is transmitted through two panels, only one modulation and coding scheme (MCS) can be used, and the data transmitted through both panels may need to be retransmitted when the decoding fails due to poor link condition of one of the TRPs. On the other hand, supporting 2 CWs can allow the UE to use different MCS to achieve higher performance gain than using single CW. However, another alternative of using different MCS is to apply different transmit power, which may achieve similar performance gain. Although supporting 2 CWs allows the gNB to decode each CW separately, it also introduces the interference from one panel to the other. 
In SFN scheme, all layers of PUSCH are transmitted through both panels with the same RV in the same frequency and time domain resources. To transmit a TB, the frequency and time domain resource and power required for SFN scheme and SDM scheme are similar. In SFN scheme, each TRP can decode the TB independently, but the TRPs should cooperate to decode a TB in a 1-CW SDM scheme. As for 2-CW SDM repetition scheme, using different RV can achieve better performance than SFN scheme which only uses one RV. But the encoding complexity of 2-CW SDM scheme is higher than SFN scheme at the UE side. Thus, we have the following proposal.
Proposal-5: For STxMP PUSCH in single-DCI based mTRP system, the SDM scheme with 1 CW, FDM-A/B schemes, SFN scheme, and SDM repetition scheme should be supported.
Furthermore, in FDM-A scheme, the PUSCH transmission occasion is split into two parts and transmitted with two frequency domain resource from two panels. If DFT-s-OFDM is used in FDM-A STxMP PUSCH, there could be different ways for STxMP operation, as shown in Figure 3, 1) single DFT operation: modulated symbols after DFT are split to the first and second panel. 2) two separate DFT operation: modulated symbols are split before DFT for the first and second panel. However, in a single DFT operation, the split symbols at each panel do not keep the original properties such as low PAPR and orthogonality. While for two separate DFT operation, the DFT properties are kept and the reduced DFT size also leads lower complexity. Thus, for FDM-A STxMP PUSCH transmission, the modulated symbols should be split before transform precoding.
Proposal-6: For FDM-A STxMP PUSCH in single-DCI based mTRP system, the modulated symbols should be split before transform precoding.
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RV Mapping for Repetition
Next, when two repetitions of a TB are transmitted through two panels simultaneously, different RVs can be applied to achieve better decoding performance. In Rel-17 single-DCI based multi-TRP repetition, the DCI can indicate the first RV for the first PUSCH repetition and the RV pattern (0 2 3 1) is applied separately to PUSCH repetitions of different TRPs with a possibility of configuring RV offset for the starting RV for the second TRP. Similar RV indication can be applied for STxMP operation. For instance, the DCI that schedules a STxMP transmission for 2 repetitions can indicate the first RV for the first repetition only. The other RV for the second repetition can be determined either by the pre-determined RV pattern (0 2 3 1), or the configured RV offset, e.g., sequenceOffsetforRV in PUSCH-Config. Thus, we have the following proposal.
Proposal-7: For single DCI based STxMP scheme, support the following RV mapping for PUSCH repetition Type A and Type B. 
· DCI indicates one RV for the first PUSCH (actual) repetition that is transmitted through panel-1. 
· The RV for the second PUSCH (actual) repetition that is transmitted through panel-2 can be determined by the RV offset, e.g., sequenceOffsetforRV in PUSCH-Config, if exists. 
· Otherwise, the RV for the second PUSCH (actual) repetition that is transmitted through panel-2 is determined based on RV pattern (0 2 3 1). 

Number of PTRS Ports
To compensate phase noise, PTRS is transmitted from PTRS ports and embedded in the PUSCH transmission with DMRS. The DMRS ports corresponds to the layers of the PUSCH transmission. Then the PTRS port(s) needs to be associated with DMRS ports. In Rel-17, there are at most two PTRS ports to be associated in a PUSCH transmission occasion for a panel and the association is indicated in the DCI fields of PTRS-DMRS association and the second PTRS-DMRS association. For STxMP PUSCH transmission, the association between PTRS and DMRS should be specified. In our view, associating 1 PTRS port for each panel can be sufficient.
Proposal-8: For single-DCI based STxMP PUSCH transmission, one PTRS port is assigned for each UE panel.

SRS Resource Set and Precoder Indication
	109e Agreement 
Study the enhancement of SRS resource set configuration and SRI/TPMI indication for single-DCI based STxMP PUSCH scheme:
· The configuration of two SRS resource sets, SRS resource set indicator field, two SRI fields and two TPMI fields of Rel-17 mTRP PUSCH TDM repetition is the starting point.
· FFS: The configuration of one SRS resource set, one or two SRI fields and one or two TPMI fields
· Note: This proposal does not mean that any possible SRI/TPMI enhancement on STxMP would be precluded. In RAN1#110, companies can suggest the detail SRI/TPMI enhancement with reasonable analysis and evaluation result.
109e Agreement 
Study the layer combinations of {1+1, 1+2, 2+1, 2+2} for the SDM scheme (if supported) of single-DCI based STxMP PUSCH,
· This is for 1 CW at least.
· The layer combination for the SDM scheme can be further studied for 2 CW if 2 CW in SDM scheme is supported.
· FFS: study the layer combinations of {1+3, 3+1} under the above conditions.
· Companies are encouraged to provide SLS/LLS for their proposed layer combinations for the SDM scheme of single-DCI based STxMP PUSCH.




In Rel-17 muti-TRP PUSCH repetition, two SRS resource sets that include the same number of SRS resources are configured for two TRPs, and the two SRI fields are designed accordingly. Two SRS resource sets should also be configured for STxMP PUSCH transmission.
In Rel-17 NR, for codebook (CB) based transmission, the UE determines its PUSCH transmission precoder(s) based on SRI(s), TPMI(s) and the transmission rank, where the SRIs can be indicated by the DCI field of SRI and precoding information and number of layers (PINL), or by RRC parameters such as srs-ResourceIndicator, srs-ResourceIndicator2, precodingAndNumberOfLayers, and precodingAndNumberOfLayers2. For non-codebook (NCB) based transmission, the UE can determine its PUSCH precoder(s) and transmission rank based on the SRI(s) when multiple SRS resources are configured. 
In Rel-17, the DCI scheduling UL transmission can indicate the spatial filter and power control parameters in SRI(s). However, unified TCI framework has also been agreed in Rel-17 for single-TRP transmission, where the TCI states are mapped to reference signals and power control parameter sets. In Rel-18 multi-TRP operation, unified TCI framework should also be adopted. Thus, the DCI may not need to contain the SRI field(s) when scheduling CB-based PUSCH transmissions. For NCB-based PUSCH transmission, the transmission rank and precoding can be indicated through the DCI field of SRI(s). 
Proposal-9. For simultaneous multi-panel PUSCH transmission, the precoding indication for CB-based transmission is not based on SRI fields, while the precoding indication for nCB-based transmission can be based on SRI fields.
As the Rel-18 MIMO WI indicated, the total number of layers is up to four across all panels and total number of codewords is up to two across all panels. There can be different layer combinations, namely, 1 + 1, 1 + 2, 1 + 3, 2 + 1, 2 + 2, and 3 + 1, where the number at the left-hand-side and right-hand-side of ‘+’ represents the number of layers for the PUSCH towards TRP1 and TRP2 respectively. Thus, the maximum number of layer transmitted through one panel is up to 3. If the UE has two 4-port panels, then the capability of a 3-layer transmission through a panel should be supported. Thus, we have the following proposal.
Proposal-10. For simultaneous multi-panel PUSCH transmission, the maximum rank of one PUSCH transmission occasion towards any TRP is up to 3 and consider the layer combinations such as 1 + 1, 1 + 2, 1 + 3, 2 + 1, 2 + 2, and 3 + 1.
Furthermore, to indicate the precoders and transmission ranks for STxMP transmission for all the layer combinations can increase the DCI field overhead compared to Rel-17. To reduce DCI overhead, some restrictions can be considered. For example, similar to Rel-17, the transmission rank of the PUSCH to TRP1 and TRP2 can be the same such that the number of layer information in the 2nd SRI/PINL field does not to be indicated separately. However, this will restrict the layer combinations to be 1 + 1 and 2 + 2 only, which is motivated by multi-TRP repetition transmission. To be more flexible, another method is to configure a subset of layer combinations. For example, when group1 is configured, only 1 + 1 and 2 + 2 cases could be selected and the SRI/PINL indication is optimized based on this layer combination group. When group2 is configured, layer combinations of 1 + 2, 2 + 1, could be additionally selected which would be appropriate if the UE supports only 2Tx ports per panel (for example) and the SRI/PINL indication is optimized based on this layer combination group.
Proposal-11. For simultaneous multi-panel PUSCH transmission, support ability of configuring a subset of layer combinations.
Since the PUSCH transmission to TRP1 and TRP2 can be either CB-based or nCB-based, there are four different combinations, CB + CB, NCB + NCB, CB + NCB, and NCB + CB. In single-DCI based STxMP PUSCH transmission, the DCI should indicate SRIs and TPMIs and number of layer information for the PUSCH to both TRPs. In CB + CB case, at least two PINLs should be indicated. In NCB + NCB case, two SRIs should be indicated. In CB + NCB and NCB + CB cases, at least one SRI and one PINL should be indicated. We prefer to consider the CB + CB and NCB + NCB cases as a starting point in single-DCI based simultaneous multi-panel PUSCH transmission.
Proposal-12. For single-DCI based simultaneous multi-panel PUSCH transmission, consider CB + CB based and NCB + NCB based transmission as a starting point.
Next, the Rel-17 precoding indication for single-DCI based multi-TRP PUSCH repetition is based on separate SRI fields and separate PINL fields for the transmission to TRP1 and TRP2. However, the two SRIs and two TPMIs can also be indicated jointly to reduce the SRI and PINL field overhead. Therefore, we have the following proposal.
Proposal-13. For simultaneous multi-panel PUSCH transmission, select one of the following options for SRI indication for nCB-based transmission and PINL indication for CB-based transmission.
· Option-1: separate SRI indication, separate PINL indication.
· Option-2: joint SRI indication, joint PINL indication.

 STxMP for CSI 
	105e Agreement 
For s-DCI based multi-TRP PUSCH repetition Type A and B, support transmitting A-CSI on the first PUSCH repetition corresponding to the first beam and the first PUSCH repetition corresponding to the second beam when there is no TB carried in the PUSCH. 
· The UE assumes that the number of repetitions is 2 regardless of the indicated number of repetitions. 
· The UE is expected to follow the above operation for transmitting A-CSI on two PUSCH repetitions only if 
· For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation). 
· For PUSCH repetition Type A and B, UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE transmits A-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· Note: The scheduling offset for the first A-CSI should meet the Z and Z’ requirement

106e Agreement
For SP-CSI report on mTRP PUSCH repetition Type A and B activated by a DCI, support the use of a similar mechanism to A-CSI multiplexing on M-TRP PUSCH without a TB, which includes the following,
· When SP-CSI multiplexed on m-TRP PUSCH, SP-CSI multiplexed on the two repetitions associated with the two TRPs, and the number of repetitions is always assumed to be 2, regardless of the value indicated.
· For mTRP PUSCH repetition Type A, or for the first PUSCH after activation for PUSCH repetition Type B, reuse similar conditions to support SP-CSI multiplexing on m-TRP PUSCH as defined in A-CSI multiplexing on M-TRP PUSCH, i.e., 
· The UE is expected to follow the above operation for transmitting SP-CSI on two PUSCH repetitions only if 
· For the first PUSCH after activation for PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation). 
· For PUSCH repetition Type A and B, UCIs other than the SP-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE transmits SP-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· For subsequent PUSCHs after activation (without corresponding PDCCH) for PUSCH repetition Type B, use the following criteria, 
· If the first / second nominal repetition is not the same as the first / second actual repetition, the first / second nominal repetition is dropped
· If one of the first or second nominal repetitions is not dropped, SP-CSI is multiplexed on that repetition
· Else (the first and second nominal repetitions are the same as the first and second actual repetitions) 
· If UCIs other than the SP-CSI are not multiplexed on any of the two PUSCH repetitions, SP-CSI is multiplexed on both repetitions.
· Otherwise, UE transmits SP-CSI only on the first PUSCH repetition similar to Rel. 15/16 (and the second repetition is dropped)




In Rel-17, A/SP-CSI multiplexing on multi-TRP PUSCH repetition is supported, as shown in the above agreements. Similarly, for STxMP PUSCH transmission, an A/SP-CSI being multiplexed on one of the PUSCHs without TB. Specifically, if one A/SP-CSI is scheduled, it could be multiplexed on the PUSCH that is without TB and targets to the same TRP with the A/SP-CSI. Furthermore, two A/SP-CSIs targeting different TRPs can be transmitted simultaneously through two panels, where each A/SP-CSI is multiplexed on the corresponding PUSCH that is without TB and targeting the corresponding TRP.   
Proposal-14: For STxMP PUSCH transmission with A/SP-CSI, 
· one A/SP-CSI can be multiplexed on the PUSCH that is without TB and targets to the same TRP with the A/SP-CSI,
· two A/SP-CSIs targeting different TRPs can be transmitted through two panels simultaneously, where each A/SP-CSI should be multiplexed on the PUSCH that is without TB and targets to the same TRP with the A/SP-CSI.   



Multi-DCI based PUSCH Transmission
	109e Agreement 
For multi-DCI based STxMP PUSCH+PUSCH transmission, study and evaluate the following aspects:
· Two PUSCHs are associated with different TRPs and transmitted from different UE panels. The total number of layers of these two PUSCHs is up to 4.
· Study STxMP of PUSCH+PUSCH transmission where it is some combination of DG-PUSCH, CG-PUSCH and msg3/msgA PUSCH.
· The overlapping type(s) of fully/partially in time domain and fully/partially/non-overlapping in frequency domain are to be studied and justified for PUSCH+PUSCH.
Note: The above study shall take into account the UE implementation and RF considerations.
Note: Study the conditions required for STxMP PUSCH+PUSCH.
Note: Other aspects are not precluded.



For multi-DCI based STxMP PUSCH+PUSCH transmission, the combination of DG+DG PUSCH and CG+CG PUSCH, and DG+CG PUSCH can considered. Furthermore, the PUSCH is configured by RRC configuration without DCI activation for type-1 CG, while the PUSCH is configured by RRC configuration and activated by a DCI for type-2 CG. For all these combination scenarios, the BS should know the correspondence between the UE panels and the transmit beams to schedule the STxMP transmission successfully. The transmit beam can be indicated in DCI and rrc-ConfiguredUplinkGrant. Thus, for DG + DG PUSCH, and DG + Type-2 CG PUSCH, the two PUSCH transmissions can be scheduled by two DCIs separately. And for DG + Type 1 CG PUSCH, the CG PUSCH can be configured by a single CG configuration and the DG PUSCH can be scheduled by activation DCI.
For CG + CG PUSCH, two sets of parameters are needed for the two PUSCH transmission. To reduce the RRC overhead, a single CG configuration can be used, which is similar to Rel-17 CG based multi-TRP PUSCH repetition. However, to be distinguished from CG based multi-TRP PUSCH repetition, a new parameter can be added to ConfiguredGrantConfig. Furthermore, for type-2 CG + type-2 CG PUSCH, the two PUSCH can be activated by two DCIs separately. 
As for msg3/msgA PUSCH, we should first identify the possible use cases. For example, msg3+msg3 PUSCH may be depend on PRACH enhancement.
Thus, we have the following proposal.
Proposal-15: For multi-DCI based STxMP PUSCH + PUSCH transmission, DG + DG PUSCH, CG + CG PUSCH, and DG + CG PUSCH can be supported.
Proposal-16: For multi-DCI based STxMP CG + CG PUSCH transmission, a single CG configuration can be used to configure the CG PUSCH transmitted through the two panels.
STxMP PUCCH Transmission Schemes
Single-DCI based PUCCH Transmission
For single-DCI based STxMP PUCCH transmission, FDM-A/B and SFN schemes, listed as follows, are discussed in last RAN1 meeting while the SDM scheme is precluded because PUCCH contains only a single layer. 
· PUCCH FDM-A scheme: different frequency domain parts of one PUCCH resource are transmitted by two different UE panels.
· PUCCH FDM-B scheme: two FDM-ed PUCCH transmission occasion of the same UCI with the same PUCCH format are transmitted from two different UE panels
· PUCCH SFN scheme: The same PUCCH/PUCCH-DMRS is transmitted from two different UE panels simultaneously.

In current specification, different PUCCH format corresponds to different PRB settings and transform precoding setting. For example, PUCCH formats 0/1/4 are only transmitted with 1 PRB, while PUCCH formats 2/3 can be configured with 1 to 16 PRBs. Furthermore, PUCCH formats 3/4 are transform precoded before being mapped to PRBs. As mentioned above, in PUCCH FDM-A STxMP scheme, different frequency domain parts of one PUCCH resource are transmitted by two different UE panels. Thus, a PUCCH resource of formats 0/1/4 cannot be further partitioned because there is only one 1 PRB. 
For PUCCH format 2, FDM-A scheme can be supported given the fact that it is based on OFDM waveform. However, careful design needs to be considered how to partition the frequency resource for PUCCH transmission from two panels. For PUCCH format 3 with DFT-s-OFDM waveform, although it can be configured with multiple PRBs, the FDM-A STxMP transmission operation should be carefully considered. For example, there could be different ways for STxMP operation, 1) single DFT operation: modulated symbols after DFT are split to the first and second panel. 2) two separate DFT operation: modulated symbols are split before DFT for the first and second panel. However, in a single DFT operation, the split symbols at each panel may not keep the original properties such as low PAPR and orthogonality. While for two separate DFT operation, the DFT properties are kept and the reduced DFT size also leads lower complexity. However, the DFT size for PUCCH transmission in these two panels may not be easily determined as for DFT-s-OFDM waveform, the DFT size needs to satisfy  where i, j and k is a set of non-negative integers.  
Based on the analysis above and considering the specification impact and implementation complexity, for STxMP PUCCH FDM-A scheme, only PUCCH format 2 could be supported. 
For PUCCH FDM-B STxMP scheme, two FDM-ed PUCCH transmissions are transmitted from two UE panels. For this scheme, all PUCCH formats can be supported. In order to enable this feature, additional starting PRB may be considered within a PUCCH resource for the PUCCH transmission from the second panel. When this additional starting PRB is equal to the starting PRB for the PUCCH transmission from the first panel, SFN scheme can be realized. 
According to the above analysis, we have the following proposal.
Proposal-17: For single-DCI based STxMP PUCCH transmission, FDM-A/B and SFN schemes can be supported. 
· For PUCCH FDM-A scheme, PUCCH format 2 can be supported. 
· For PUCCH FDM-B scheme, all PUCCH formats are supported.
· For PUCCH SFN scheme, all PUCCH formats are support.

Furthermore, PUCCH formats 0/1 are based on ZC sequence or computer generated sequence, and OCC can be applied to the modulated symbols for PUCCH format 4. Thus, two orthogonal cyclic shifts can be applied to PF 0/1 transmitted from the two panels, and two OCCs can be applied to PF 4 transmitted from the two panels, to achieve more diversity than single-panel transmission. In additional to the schemes listed above, we propose a PUCCH CDM scheme.
Proposal-18: For single-DCI based STxMP PUCCH transmission of PF 0/1/4, support PUCCH CDM scheme that two PUCCH transmission occasions of the same UCI with the same PUCCH format, using the same frequency and time domain resources but orthogonal cyclic shifts/OCCs, are transmitted from two different UE panels.

Collision handling for STxMP PUCCH/PUSCH Transmission
	Conclusion
Rel-15/16 collision handling between PUCCH repetition and other channels/signals are also applicable for Rel-17 M-TRP PUCCH repetition schemes. 



In Rel-17, the collision handling between PUCCH repetition and other channels/signals is concluded to use Rel-15/16 collision handling rules. In Rel-18, a single or STxMP PUCCH transmission can collide with a single or STxMP PUCCH transmission (PUCCH + STxMP PUCCH, STxMP PUCCH + PUCCH, or STxMP PUCCH + STxMP PUCCH). The collisions can be handled for each TRP/panel separately.
Proposal-19: If collision happens between PUCCH and PUCCH when STxMP is enabled, e.g., PUCCH + STxMP PUCCH collision, STxMP PUCCH + PUCCH collision, and STxMP PUCCH + STxMP PUCCH collision, the legacy collision handling rule for single TRP can be applied for each TRP/panel separately.

Power Control for STxMP
Maximum Transmit Power
Rel-17 UL power control is designed for the scenario where the transmission is towards one TRP in a certain time but not for the scenario where the transmission is towards multiple TRPs simultaneously. To support simultaneous multi-panel UL transmission, the power control for each transmission occasion towards a TRP should be properly designed. To restrict the total spectrum density, the total transmission power at any time should not beyond the maximum UE transmission power limit. Thus, power control method should be studied for the simultaneous multi-panel UL transmission. In the following discussion, the maximum total transmit power is represented as , the maximum transmit power for panel-1 is represented as , the maximum transmit power for panel-2 is represented as .

To limit the total spectrum density, the maximum transmit powers for the two panels should be restricted. We can consider three power control methods. 

In the first method, the UE is configured with one maximum transmit power, , and it is split equally for the two simultaneous transmissions, i.e., = =1/2 , as shown in Figure 5. For each UL transmission towards a certain TRP, the power control is done individually, following the existing mechanism. 

In the second method, the UE is configured with one maximum transmit power, , and it can be split unequally for the two simultaneous transmissions, i.e., , as shown in Figure 6. The fraction of power splitting between the two panels can be indicated in DCI, or activated through MAC CE, or configured in RRC parameter. For each UL transmission towards a certain TRP, the power control is done individually, following the existing mechanism. 

In the third method, the maximum total transmit power maximum transmit power for panel-1  and the maximum transmit power for panel-2  are configured separately to the UE.  We allow , but the instant total transmission power should still be within the limitation of , as shown in Figure 7.

From the first to the third method, the flexibility of power control is improved but the complexity of power control also increases. We prefer to support method-1 as a default method, and method-2 as an additional capability.
Proposal-20: For simultaneous multi-panel transmit power control, support equal power splitting of total maximum transmit power, and power splitting of the total maximum transmit power with a variable power splitting fraction if the UE is capable. 



[bookmark: _Ref101866068]Figure 5. Simultaneous multi-panel transmit power control method-1


[bookmark: _Ref101866091]Figure 6. Simultaneous multi-panel transmit power control method-2


[bookmark: _Ref101866098]Figure 7. Simultaneous multi-panel transmit power control method-3
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For PHR reporting related to M-TRP PUSCH repetition, support Option 4 as UE optional capability for a UE that supports mTRP PUSCH, 
· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.



In Rel-17 multi-TRP PUSCH repetition, two PHRs associated with the two TRPs are reported to the BS if the UE has such capability. Similarly, for STxMP PUSCH transmission, two PHRs corresponding to the two panels/TRPs should be reported. In other words, the PHR report for STxMP PUSCH transmission should be panel-specific.
Proposal-21: The PHR report for STxMP PUSCH transmission should be panel-specific.
In current specification, the PHR report can be triggered by different events such as PHR timer expires, path loss changing more than threshold, reconfiguration, etc. And the triggering condition is not TRP specific. For example, there is only one phr-PeriodicTimer and one phr-ProhibitTimer. 
In multi-DCI based STxMP PUSCH transmission, the time domain overlap scenario can be different if partial overlapping PUSCH is supported. PHR reporting can be triggered in different scenarios, such as 1) only one panel is scheduled for STxMP transmission, and 2) both panels are scheduled for STxMP transmission. For the second scenario, two PHRs should be transmitted. While for the first scenario, there can be two options, one option is reporting one PHR of the scheduled transmission, the other option is reporting one PHR of the scheduled transmission and one virtual PHR for panel that has not been scheduled for transmission. In our view, the second option is more preferrable since the PHR triggering is not panel/TRP specific.  
Proposal-22: For multi-DCI based STxMP PUSCH transmission, when PHR report is triggered,
· if two panels are scheduled for STxMP transmission, two actual PHRs corresponding to the two panels/TRPs should be reported,
· if only one panel is scheduled for STxMP transmission, one PHR of the scheduled transmission and one virtual PHR for panel that has not been scheduled for transmission should be reported.

For single-DCI based STxMP PUSCH transmission, the two PUSCHs from two panels are always fully overlapped in time domain. Thus, two PHRs corresponding to the two panels/TRPs should be reported when the PHR report is triggered.
Proposal-23: For single-DCI based STxMP PUSCH transmission, two PHRs corresponding to the two panels/TRPs should be reported when the PHR report is triggered. 

Conclusion
The main proposals in this paper are outlined as follows.
Proposal-1: To support STxMP operation, gNB should be informed of the correspondence between UE panel-ID (e.g. UE capability value set index) and CSI-RS resource index or SSB index.
Proposal-2: For STxMP operation, the first and second TCI states correspond to the first and second UE panels respectively.
Proposal-3: For STxMP operation, dynamic switching between single-panel transmission and multi-panel transmission in TDM fashion and STxMP transmission should be supported.
Proposal-4: To support STxMP operation, two CDM groups are used for SDM scheme, one CDM group is used for FDM-A/B and SFN schemes. 
· If 2 CDM groups are indicated, first TCI state is associated with first CDM group determined by the first antenna port in the antenna port table.

Proposal-5: For STxMP PUSCH in single-DCI based mTRP system, the SDM scheme with 1 CW, FDM-A/B schemes, SFN scheme, and SDM repetition scheme should be supported.
Proposal-6: For FDM-A STxMP PUSCH in single-DCI based mTRP system, the modulated symbols should be split before transform precoding.
Proposal-7: For single DCI based STxMP scheme, support the following RV mapping for PUSCH repetition Type A and Type B. 
· DCI indicates one RV for the first PUSCH (actual) repetition that is transmitted through panel-1. 
· The RV for the second PUSCH (actual) repetition that is transmitted through panel-2 can be determined by the RV offset, e.g., sequenceOffsetforRV in PUSCH-Config, if exists. 
· Otherwise, the RV for the second PUSCH (actual) repetition that is transmitted through panel-2 is determined based on RV pattern (0 2 3 1). 

Proposal-8: For single-DCI based STxMP PUSCH transmission, one PTRS port is allocated for each UE panel.
Proposal-9. For simultaneous multi-panel PUSCH transmission, the precoding indication for CB-based transmission is not based on SRI fields, while the precoding indication for nCB-based transmission can be based on SRI fields.
Proposal-10. For simultaneous multi-panel PUSCH transmission, the maximum rank of one PUSCH transmission occasion towards any TRP is up to 3 and consider the layer combinations such as 1 + 1, 1 + 2, 1 + 3, 2 + 1, 2 + 2, and 3 + 1.
Proposal-11. For simultaneous multi-panel PUSCH transmission, introduce an RRC parameter to configure a subset of layer combinations.
Proposal-12. For single-DCI based simultaneous multi-panel PUSCH transmission, consider CB + CB based and nCB + nCB based transmission as a starting point.
Proposal-13. For simultaneous multi-panel PUSCH transmission, select one of the following options for SRI indication for nCB-based transmission and PINL indication for CB-based transmission.
· Option-1: separate SRI indication, separate PINL indication.
· Option-2: joint SRI indication, joint PINL indication.

Proposal-14: For STxMP PUSCH transmission with A/SP-CSI, 
· one A/SP-CSI can be multiplexed on the PUSCH that is without TB and targets to the same TRP with the A/SP-CSI,
· two A/SP-CSIs targeting different TRPs can be transmitted through two panels simultaneously, where each A/SP-CSI should be multiplexed on the PUSCH that is without TB and targets to the same TRP with the A/SP-CSI.   

Proposal-15: For multi-DCI based STxMP PUSCH + PUSCH transmission, DG + DG PUSCH, CG + CG PUSCH, and DG + CG PUSCH can be supported.
Proposal-16: For multi-DCI based STxMP CG + CG PUSCH transmission, a single CG configuration can be used to configure the CG PUSCH transmitted through the two panels.
Proposal-17: For single-DCI based STxMP PUCCH transmission, FDM-A/B and SFN schemes can be supported. 
· For PUCCH FDM-A scheme, PUCCH format 2 can be supported. 
· For PUCCH FDM-B scheme, all PUCCH formats are supported.
· For PUCCH SFN scheme, all PUCCH formats are support.

Proposal-18: For single-DCI based STxMP PUCCH transmission of PF 0/1/4, support PUCCH CDM scheme that two PUCCH transmission occasions of the same UCI with the same PUCCH format, using the same frequency and time domain resources but orthogonal cyclic shifts/OCCs, are transmitted from two different UE panels.
Proposal-19: If collision happens between PUCCH and PUCCH when STxMP is enabled, e.g., PUCCH + STxMP PUCCH collision, STxMP PUCCH + PUCCH collision, and STxMP PUCCH + STxMP PUCCH collision, the legacy collision handling rule for single TRP can be applied for each TRP/panel separately.
Proposal-20: For simultaneous multi-panel transmit power control, support equal power splitting of total maximum transmit power, and power splitting of the total maximum transmit power with a variable power splitting fraction if the UE is capable. 
Proposal-21: The PHR report for STxMP PUSCH transmission should be panel-specific.
Proposal-22: For multi-DCI based STxMP PUSCH transmission, when PHR report is triggered,
· if two panels are scheduled for STxMP transmission, two actual PHRs corresponding to the two panels/TRPs should be reported,
· if only one panel is scheduled for STxMP transmission, one PHR of the scheduled transmission and one virtual PHR for panel that has not been scheduled for transmission should be reported.

Proposal-23: For single-DCI based STxMP PUSCH transmission, two PHRs corresponding to the two panels/TRPs should be reported when the PHR report is triggered. 
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