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Introduction
The Rel-18 WID on NR MIMO evolution for downlink and uplink is approved [1], which includes the following objective:
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 various aspects related to simultaneous multi-panel UL transmission other than the aspects related to unified TCI, which is discussed separately in AI 9.1.1.1. The specific required enhancements and use cases may depend on the mTRP framework: Single-DCI based mTRP versus multi-DCI based mTRP. In this contribution, we discuss the following:
· In Section 2, main system-level simulations results are discussed while Section 7 (Appendix I) contains SLS assumptions and additional evaluations results.
· In Section 3, enhancements for single-DCI based simultaneous multi-panel UL transmission are discussed.
· In Section 4, enhancements for multi-DCI based simultaneous multi-panel UL transmission are discussed.

System-level evaluations 
In this section, we present our system level evaluation for STxMP, which shows the benefit of this feature. Specifically, we focus on SDM case where transmissions from the two UE panels (to the two TRPs) are in same RBs. In the simulation, the MCS of each transmission is separately controlled and TBs are separately decoded at the two TRPs. Hence, the STxMP scheme can be thought of as multi-DCI based scheme with full overlap in both time and frequency. The main benefit and source of gain is the ability to transmit on 4 spatial layers with STxMP in FR2. This is the case for both fully-overlapping mDCI based STxMP as well as sDCI based SDM scheme. Furthermore, STxMP is enabled for a subset of UEs that can benefit from it more based on PL delta (within 10 dB), channel conditions, and the choice of two Tx beams. The UE panels are located at the left and right of the UE. Resource utilization is 10% in this section, and results for higher RU value is also provided in the Appendix. In addition, single-TRP baseline also includes panel selection based on RSRP. 
We evaluated both the indoor deployment model (indoor hot spot) as well as the outdoor deployment model (dense urban), which are both agreed as part of EVM assumptions in RAN1 #109-e. UE/gNB antenna configuration are also based on the agreed EVM, and the number of antennas shown in the title of each figure is per panel per polarization. The results for some additional antenna configurations are shown in the Appendix.   
For each scenario, we compared sTRP with STxMP under the following assumptions with respect to transmit power:
· Tx power assumption 1:
· sTRP: Max 23 dBm total radiated power 
· STxMP: Max 20 dBm total radiated power per panel 
· Tx power assumption 2:
· sTRP: Max 20 dBm total radiated power 
· STxMP: Max 20 dBm total radiated power per panel 

The assumptions above are based on max allowed “TRP” limit while EIRP depends on number of antennas at the UE. It is noted that both Tx power assumptions are based on “Option 2” in the agreed EVM. In both assumptions, the max of sum TRP across two panels never exceeds 23dBm. However, “Tx power assumption 2” is closer to reality as a UE capable of transmitting simultaneously from two panels is indeed able to transmit twice the power due to separate PAs. Furthermore, “Option 1” in the agreed EVM is not considered since it is not clear to us how max EIRP across two panels transmitting beams in different directions can be determined by the UE in practical implementations, or even can be measured in system-level evaluations. Other simulation assumptions are based on the agreed EVM, and some further detailed assumptions are listed in Table 1 in the Appendix.
Figure 1 illustrates the performance comparison between single-TRP and STxMP for both Tx assumption 1 and 2, and for the indoor hotspot model. As it can be seen, there is not much difference between Tx power assumption 1 and Tx power assumption 2 for indoor. This is not surprising as SINR is interference-limited rather than thermal-limited for almost all UEs. As it can be seen, there is ~40% gain in mean UPT, ~80% gain in 90%ile UPT, and ~18-25% gain in tail UPT depending on Tx assumption 1 or Tx assumption 2.
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[bookmark: _Ref111106297]Figure 1: Indoor Hotspot system-level simulation results for Tx power assumption 1 and 2.

Observation 1: For indoor hotspot, STxMP can provide ~40% gain in mean UPT, ~80% gain in 90%ile UPT, and ~18-25% gain in tail UPT depending on Tx assumption 1 or Tx assumption 2 compared to sTRP with panel selection.  
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[bookmark: _Ref111107301]Figure 2: Dense urban system-level simulation results for Tx power assumption 1 and 2.
Figure 2 illustrates the performance comparison between single-TRP and STxMP for both Tx assumption 1 and 2, and for the outdoor model. Unlike indoor, there is some difference between Tx power assumption 1 and Tx power assumption 2 for sTRP baseline as larger Tx power may help some UEs at the cell-edge in this case. As it can be seen, there is ~15% gain in mean UPT, ~30% gain in 90%ile UPT, and ~0% gain in tail UPT with Tx assumption 1. Also, there is ~27% gain in mean UPT, ~30% gain in 90%ile UPT, and ~30% gain in tail UPT with Tx assumption 2.

Observation 2: For dense urban, STxMP can provide ~15% gain in mean UPT, ~30% gain in 90%ile UPT, and ~0% gain in tail UPT compared to sTRP with panel selection with Tx assumption 1; STxMP can provide ~27% gain in mean UPT, ~30% gain in 90%ile UPT, and ~30% gain in tail UPT compared to sTRP with panel selection with Tx assumption 2.  
Single-DCI based STxMP
In Rel-16, single-DCI based mTRP for PDSCH was introduced consisting of SDM, FDM (fdmSchemeA and fdmSchemeB) and TDM (intra-slot and inter-slot) schemes. The motivation was higher DL capacity as well as reliability. In Rel-17, single-DCI based mTRP PUSCH repetition and PUCCH repetition were introduced with the main goal of reliability enhancements for UL. Furthermore, SFN schemes were added for DL in Rel-17 with the main use case being high-speed train in high-Doppler scenario.
In RAN1 #109-e, the following was agreed to further study various single-DCI based schemes:
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

SDM scheme for PUSCH has the highest priority given it enables higher rank MIMO in FR2 as well as higher reliability, and the next priority is FDM schemes for PUSCH for better reliability. Compared to Rel-17 TDM schemes for UL, both SDM and FDM have smaller latency by benefiting from the simultaneous transmission capability of the UE. Compared to FDM scheme, SDM scheme is more resource efficient but may result in inter-layer / inter-beam interference at the TRP side. Furthermore, single-DCI based scheme(s) should be supported for both DG-PUSCH and CG-PUSCH similar to Rel-17 TDM mTRP PUSCH repetition given that CG-PUSCH is needed in many use cases with low latency requirements.   
Regarding SFN-based transmission scheme, the additional benefit compared to SDM / FDM schemes should be justified. For DL in Rel-17, the main motivation for SFN-based schemes was high-speed train. For UL, the motivation is different, which is reliability enhancements. However, the additional benefit of SFN scheme compared to SDM / FDM schemes requires justification. 
Regarding the support of 2 CWs in SDM scheme or SDM repetition scheme, we do not think they should be specifically considered for UL given that these schemes are not supported for DL despite extensive discussions in Rel-16. The motivation for 2 CWs in UL is even less in the case of mTRP as the two sets of power control parameters ensure that the links are more or less balanced (PL delta can be compensated through proper power control toward corresponding TRP). In the case of imbalanced links (when power control does not ensure balanced links, e.g., due to reaching max Tx power), transmitting toward both TRPs may anyway not be needed. Even in such a case, using different modulation orders may be enough and having two CWs is not necessary, which was one of the options discussed for DL in Rel-16 but not agreed.
Proposal 1: For single-DCI based STxMP PUSCH schemes, support SDM scheme, FDM-A scheme, and FDM-B scheme.
· SFN-based scheme can be considered with a lower priority, i.e., only after completing details of SDM and FDM schemes.
· Do not support 2 CWs for SDM scheme, or SDM repetition scheme.
· For the agreed schemes, both DG-PUSCH and CG-PUSCH should be supported.

In the SDM scheme, different layers / DMRS ports are separately precoded and transmitted from different panels as illustrated in Figure 3.
[image: ]
[bookmark: _Ref101477153]Figure 3: Illustration of PUSCH SDM scheme.
For SDM PUSCH scheme, a combination of Rel-16 design on SDM PDSCH scheme as well as Rel-17 TDM mTRP PUSCH repetition can be leveraged as much as possible given that some of the elements are similar as summarized below:
· Leveraging Rel-16 design on SDM PDSCH:
· [bookmark: _Hlk101477305]Rank combinations including 1+1, 1+2, 2+1, and 2+2
· Leveraging Rel-17 design on TDM mTRP PUSCH repetition
· Two SRS resource sets and SRS resource set indicator in the DCI
· Two SRI fields in the DCI
· Two TPMI fields in the DCI (for codebook-based)

At the same time, there can be some differences compared to Rel-16 SDM PDSCH scheme or Rel-17 TDM mTRP PUSCH repetition such as:
· DMRS ports associated with different beams may not need to be in different CDM groups, and it can be left to gNB. The reason is that channel estimation is done at the gNB, which is already handling MU-MIMO across different UEs even within the same CDM group. Furthermore, gNB can assign the DMRS ports flexibly. 
· Unlike TDM mTRP PUSCH repetition, the indicated number of layers associated with the two SRS resource sets (beams) is not necessarily the same. Hence, the number of SRS resources indicated by the second SRI field (for NCB based UL) may not be the same as the number of SRS resources indicated by the first SRI field, and the number of layers indicated by the second TPMI (for CB based UL) may not be the same as the number of layers indicated by the first TPMI field. 
· Each SRI / TPMI field should be similar to the single field in Rel-15/16.
· MaxRank per SRS resource set can be RRC-configured which determines the bit-width of each SRI / TPMI field for SDM scheme. The maxRank per SRS resource set (for SDM operation) can be configured as 1 or 2.
· Unlike DL, rank is not indicated by “antenna port(s)” field in the UL DCI. Instead, per-TRP rank is indicated by the corresponding SRI field (for NCB based UL) or TPMI field (for CB based UL). This means that the indicated DMRS ports should be divided across the two beams based on the corresponding ranks. A simple rule is enough for this purpose: Given number of layers associated with the first SRS resource set is r1 (indicated by the first SRI/TPMI field) and number of layers associated with the second SRS resource set is r2 (indicated by the second SRI/TPMI field), and the r1+r2 DMRS ports indicated by the existing “antenna port(s)” field,
· If SRS resource set indicator field is set to ‘10’: The first r1 DMRS ports are associated with the first SRS resource set, and the remaining r2 DMRS ports are associated with the second SRS resource set
· If SRS resource set indicator field is set to ‘11’: The first r2 DMRS ports are associated with the second SRS resource set, and the remaining r1 DMRS ports are associated with the first SRS resource set
· Note: The existing DMRS port entry {0,1,2} can be used for both 2+1 layers and 1+2 layers. Hence, unlike DL, there is no need to introduce DMRS port entry {0,2,3}.

To following proposal summarizes the discussions above regarding single-DCI based PUSCH scheme.
Proposal 2: For single-DCI based PUSCH SDM scheme:
· Support two SRS resource sets for codebook based or non-codebook based PUSCH, and SRS resource set indicator in the DCI similar to Rel-17 TDM mTRP PUSCH repetition. 
· The value of maxRank (1 or 2) associated with each SRS resource set in SDM scheme can be RRC-configured. 
· Support two SRI fields in the DCI, where for non-codebook based UL, each SRI field indicated 1 or 2 layers independently (according to Rel-15/16 tables with maxRank=1 or maxRank=2).
· Support two TPMI fields in the DCI for codebook-based UL, where each TPMI field indicates 1 or 2 layers independently (according to Rel-15/16 tables with maxRank=1 or maxRank=2).
· Given number of layers associated with the first SRS resource set is r1 (indicated by the first SRI/TPMI field) and number of layers associated with the second SRS resource set is r2 (indicated by the second SRI/TPMI field), and the r1+r2 DMRS ports indicated by the existing “antenna port(s)” field,
· If SRS resource set indicator field is set to ‘10’: The first r1 DMRS ports are associated with the first SRS resource set, and the remaining r2 DMRS ports are associated with the second SRS resource set.
· If SRS resource set indicator field is set to ‘11’: The first r2 DMRS ports are associated with the second SRS resource set, and the remaining r1 DMRS ports are associated with the first SRS resource set.

Regarding dynamic switching between sTRP and SDM scheme, which is indicated by the SRS resource set indicator, the datiled design should be a function of whether maxRank in the case of sTRP (only the first SRS resource set, or only the second SRS resource set) remains the same as maxRank of that SRS resource set in the case of mTRP or not as discussed in more details below:
· Case 1: Maximum number of PUSCH layers associated with one SRS resource set is the same irrespective of whether the PUSCH is associated with one SRS resource set (sTRP) or two SRS resource sets (STxMP). For example, if UE can transmit 2+2 layers in SDM scheme, UE can transmit 2 layers in sTRP case. 
· In this case, table 1 below can be assumed for dynamic switching, which is the same as Rel-17 table for SRS resource set indicator field except than the highlighted part below because the second SRI/TPMI field can also indicate number of layers in the case of SDM (unlike Rel-17 TDM).

	Codepoint
	SRS resource set(s)
	SRI (NCB)/TPMI (CB) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	2nd SRI/TPMI field (1st field is unused)

	10
	SDM mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields

	11
	SDM mode with (TRP2,TRP1 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd  SRS resource set
	Both 1st and 2nd SRI/TPMI fields



· Case 2: Maximum number of PUSCH layers associated with one SRS resource set depends on whether the PUSCH is associated with one SRS resource set (sTRP) or two SRS resource sets (STxMP). For example, if UE can transmit 2+2 layers in SDM scheme, UE can transmit 4 layers in sTRP case.
· In this case, table 2 below can be assumed for dynamic switching. Given that a larger rank per SRS resource set can be indicated in the case of sTRP compared to SDM, both first and second SRI / TPMI fields should be used also in the case of sTRP scheduling. Note that both SRI/TPMI fields jointly indicate one value for SRI/TPMI in sTRP mode. Otherwise, the DCI size is increased in this case.

	Codepoint
	SRS resource set(s)
	SRI (NCB)/TPMI (CB) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	Both 1st and 2nd SRI/TPMI fields are used for indication of one SRI/TPMI 

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	Both 1st and 2nd SRI/TPMI fields are used for indication of one SRI/TPMI

	10
	SDM mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields

	11
	m-TRP mode with (TRP2,TRP1 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd  SRS resource set
	Both 1st and 2nd SRI/TPMI fields



It should be clear that both Case 1 and Case 2 described above are valid implementations for STxMP. In Case 1, it is assumed that number of available digital ports is per panel, while in Case2, it is assumed that the available digital ports are shared across multiple panels. Hence, both Case 1 and Case 2 should be supported. Similarly, these two cases are also applicable to FDM schemes expect that in the case of FDM, the second SRI/TPMI field does not indicate number of layers (same as Rel-17 TDM).
Proposal 3: For single-DCI based PUSCH SDM / FDM schemes, support dynamic switching between sTRP and STxMP for both Case 1 and Case 2 below:
· Case 1: Maximum number of PUSCH layers associated with one SRS resource set is the same irrespective of whether the PUSCH is associated with one SRS resource set (sTRP) or two SRS resource sets (STxMP).
· Case 2: Maximum number of PUSCH layers associated with one SRS resource set depends on whether the PUSCH is associated with one SRS resource set (sTRP) or two SRS resource sets (STxMP).
  
For PTRS-DMRS association in case of SDM scheme, we think max number of PTRS ports same as existing spec (maxNrofPorts=2) is enough as increasing the max number to 4 is not justified given the additional PUSCH overhead, the additional DCI overhead (for indicating PTRS-DMRS association), the anticipated large spec impact, and lack of clear use case for 4 independent phase noise sources at the UE. When maxNrofPorts=2, a table similar to existing Table 7.3.1.1.2-25A in 38.212 (added in Rel-17) can be reused assuming that max number of layers associated with a SRS resource set is 2 in case of SDM scheme (corresponding to rank combinations 1+1, 1+2, 2+1, 2+2).
Proposal 4: For single-DCI based SDM scheme with max number of 2 PTRS ports, 
· The first bit of the PTRS-DMRS association field indicate the DMRS port associated with PTRS port 0 among the DMRS ports that are associated with the first SRS resource set.
· The second bit of the PTRS-DMRS association field indicate the DMRS port associated with PTRS port 1 among the DMRS ports that are associated with the second SRS resource set.

Regarding single-DCI based FDM PUSCH schemes, which is illustrated in Figure 4, SRS resource set configuration, precoding indication (SRI/TPMI signalling), and PTRS-DMRS association can be similar to Rel-17 mTRP PUSCH repetition. Regarding dynamic switching between FDM and sTRP, Case 1 versus Cases 2 should be both considered as discussed above. 
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[bookmark: _Ref108983208]Figure 4: Single-DCI based FDM PUSCH schemes.
Additionally, the division of allocated RBs into two sets of RBs associated with the first and second SRS resource sets should be discussed for FDM schemes. In Rel-16 DL FDM scheme, such division is a function of PRG size. However, for PUSCH, there is no PRG, and also the RB allocation should be contiguous for UL. In case of FDM PUSCH scheme, the set of RBs associated with a given SRS resource set should be contiguous. In addition, it is preferred for the two sets of RBs to be equal following the same principle as DL (since the effective coding rate should not be a function of which of the two links are blocked). In case of RA Type 1 (which is the primary RA type for PUSCH), such constraints can be already satisfied in intra-slot frequency hopping case as follows
· A list of RBoffset values are RRC configured containing 1, 2 or 4 values.
· X=0,1, or 2 (depending on the size of the list) MSBs of the FRA field of the DCI indicates the value of RBoffset.
· The remaining bits of the FDRA field indicate starting RB and RB length based on RA Type 1 (RIV-based) for the first frequency hop.
Similar procedures as frequency hopping described above can be used for FDM scheme.

Proposal 5: For single-DCI based FDM PUSCH schemes (FDM-A scheme and FDM-B scheme), 
· Support two SRS resource sets for codebook based and non-codebook based PUSCH, and reuse Rel-17 mTRP PUSCH repetition signalling for SRI/ TPMI indication and PTRS-DMRS association. 
· Support both Case 1 and Case 2 for dynamic switching between sTRP and FDM.
· A set of RBs associated with one SRS resource set is contiguous. 
· For RA Type 1, use similar procedure as in the case of intra-slot frequency hopping to indicate the starting RB and RB length for the first set of RBs, and RB offset for the second set of RBs.

Lastly, in the case of single-DCI based multi-TRP, joint PHR triggering and reporting similar to Rel-17 TDM mTRP PUSCH repetitions should be considered with the simplification that in the case of SDM/FDM, either both PHR values are actual PHR or both PHR values are virtual PHR due to the fact that two beams are transmitted simultaneously. 
Proposal 6: For single-DCI based SDM/FDM schemes, support joint PHR triggering and reporting similar to Rel-17 TDM mTRP PUSCH repetitions, with the simplification that for SDM/FDM PUSCH the two reported PHR values are either both actual or both virtual.
Multi-DCI based STxMP
In RAN1 #109-e, the following was agreed to further study multi-DCI based STxMP PUSCH+PUSCH transmission:
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.

Simultaneous PUSCH+PUSCH transmission in a same CC with multi-DCI based framework should be allowed when the two PUSCHs are associated with different coresetPoolIndex values similar to PDSCH+PDSCH in Rel-16 multi-DCI based mTRP. For DG-PUSCH, the association with a coresetPoolIndex value is clear and is defined in Rel-16. In our view, simultaneous PUSCH transmissions is beneficial for DG-PUSCH+DG-PUSCH, CG-PUSCH+CG-PUSCH, and DG-PUSCH+CG-PUSCH. However, for CG-PUSCH, the association with coresetPoolIndex value is not currently defined. For Type 2 CG, it can be similar to DG-PUSCH (i.e., based on the activation DCI). For Type 1 CG, such association should be RRC-configured per CG configuration. 
Regarding various overlap types (fully/partially in time domain and fully/partially/non-overlapping in frequency), we think all types should be supported similar to PDSCH overlap in Rel-16 (subject to UE capability). 
Proposal 7: For simultaneous PUSCH+PUSCH transmission in a same CC with multi-DCI based framework, support DG-PUSCH+DG-PUSCH, CG-PUSCH+CG-PUSCH, and DG-PUSCH+CG-PUSCH.
· Support all overlapping types of fully/partially in time domain and fully/partially/non-overlapping in frequency domain (similar to PDSCH overlap in Rel-16 and subject to UE capability).
· The two PUSCHs that are at least partially overlapping in time domain are associated with different coresetPoolIndex values.
· For CG-PUSCH, the association with coresetPoolIndex value is determined based on
· Type 1 CG: RRC configuration per ConfiguredGrantConfig
· Type 2 CG: coresetPoolIndex value associated with the activation DCI

In Rel-16, multi-DCI based PUSCH operation in TDM manner is supported at a basic level (e.g., DCI-to-PUSCH out-of-order operation across different coresetPoolIndex values). However, even for TDMed PUSCHs, the mTRP functionality is not optimized. For example, only one SRS resource set can be configured for CB based / NCB based PUSCH, which means that power control parameters for SRS transmissions with usage set to codebook or non-codebook is the same.
Given that two SRS resource sets with usage of codebook or non-codebook is introduced in Rel-17 (for the purpose of single-DCI based mTRP PUSCH repetition), this functionality should be reused also in the case of multi-DCI based simultaneous PUSCH+PUSCH transmission. However, there is no need to have SRS resource set indicator field / two SRI fields / two TPMI fields in the DCI as one DCI schedules a PUSCH associated with only one of the SRS resource sets in the case of multi-DCI. Instead, the corresponding SRS resource set should be determined based on the coresetPoolIndex of the CORESET in which the DCI is received. 
Proposal 8: For multi-DCI based PUSCH operation, support two SRS resource sets, where the first SRS resource set is associated with coresetPoolIndex value 0, and the second SRS resource set is associated with coresetPoolIndex value 1.
· The interpretation of the SRI/TPMI field of the DCI is based on the coresetPoolIndex value of the CORESET in which the DCI is received. 

Furthermore, it should be discussed whether PHR triggering and reporting is joint or is separate per TRP, which can depend backhaul conditions for multi-DCI based multi-TRP operation. In the case of ideal backhaul, joint PHR triggering and reporting similar to UL-CA should be considered. In the case of non-ideal backhaul, separate PHR triggering and reporting can be considered.
Proposal 9: Study PHR triggering and reporting for multi-DCI based STxMP:
· Joint PHR triggering and reporting (similar to UL-CA) should be considered for ideal backhaul case.
· Separate PHR triggering and reporting can be considered for non-ideal backhaul case.

Regarding simultaneous PUCCH+PUCCH transmission in the same CC with multi-DCI based mTRP framework, the main use case in our view is for the case of separate HARQ-Ack feedback (ackNackFeedbackMode=separate), which can be used for both ideal backhaul and non-ideal backhaul. In Rel-16, UCI multiplexing rules are not a function of coresetPoolIndex, and it is left to network implementation to ensure the two PUCCH transmissions with HARQ-Ack in a given slot do not overlap in time. In particular, associated coresetPoolIndex value for PUCCH transmissions other than HARQ-Ack (i.e., for CSI / SR) is not defined in Rel-16 and UCI multiplexing rules follow the Rel-15 behaviour. 
Figure 5 illustrates a few examples in the case of separate HARQ-Ack, where Examples 1, 3, and 5 are valid configurations / scheduling while Examples 2 and 4 are treated as error case in Rel-16. Note that in Example 4, the first PUCCH resource (PUCCH1 which is the one with earlier start time) overlaps with the other two PUCCH resources, and hence the three UCIs needs to be multiplexed in a same resource based on Rel-15 UCI multiplexing pseudocode, which is an error case.
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[bookmark: _Ref101526994]Figure 5: Rel-16 behavior for separate HARQ-Ack in multi-DCI based mTRP operation.
For Rel-18, to allow for PUCCH+PUCCH transmissions in the same CC, UCI multiplexing procedures should be clarified. In our view, the most natural solution would be to perform per-TRP (per coresetPoolIndex value) UCI multiplexing. This requires defining association between CSI / SR with coresetPoolIndex value. With that, the resultant PUCCH resources after UCI multiplexing rules do not overlap in time if they are associated with the same coresetPoolIndex value, and the overlapping PUCCH resources across different coresetPoolIndex values can be transmitted simultaneously as illustrated in Figure 6.
[image: ]
[bookmark: _Ref101528229]Figure 6: Per-TRP UCI multiplexing for simultaneous PUCCH+PUCCH transmission.
Proposal 10: For simultaneous PUCCH+PUCCH transmission in multi-DCI based multi-TRP, study the impact on UCI multiplexing rules such as performing per coresetPoolIndex value UCI multiplexing.
Finally, it should be discussed how to handle the fact that simultaneous PUCCH+PUSCH is not included in the scope of the WID. If such case is not included in RAN-P and if two overlapping PUCCHs that could be transmitted simultaneously overlap with only one PUSCH as illustrated in Figure 7, it is not clear what the behaviour should be. 
· If UE multiplexes UCI1 (HARQ-Ack 1) with the PUSCH, then should the UE drop PUCCH2 (assuming PUCCH2 and the PUSCH cannot be transmitted simultaneously)? This results in dropping HARQ-Ack 2 and hence DL Tput loss. 
· Otherwise, should the UE drop the PUSCH in this situation so that the two HARQ-Acks can be transmitted simultaneously? This results in UL Tput loss as PUSCH cannot be scheduled when there are overlapping PUCCHs.
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[bookmark: _Ref101531283]Figure 7: Illustration of the issue without simultaneous PUCCH+PUSCH transmission.
As it can be seen, the restriction of no simultaneous PUCCH+PUSCH is artificial and degrades the performance. The natural solution here would have been for UE to multiplex UCI1 on the PUSCH, and then transmit the PUSCH and PUCCH 2 simultaneously toward the two different TRPs as the UE anyway has the capability of simultaneous transmission, and per-TRP UCI multiplexing can be applied also for overlap between PUCCH and PUSCH. This would actually reduce the specification impacts considerably as opposed to discussing dropping rules in the presence of this artificial restriction.
Observation 3: Not allowing for simultaneous PUCCH+PUSCH transmission will not only degrade the performance of multi-DCI based mTRP operation, but also increases the specification efforts considerably. A UE capable of simultaneous PUCCH+PUCCH or PUSCH+PUSCH transmission is also capable of simultaneous PUCCH+PUSCH transmission. 
Conclusion 
In this contribution, we have the following observations / proposals:
Observation 1: For indoor hotspot, STxMP can provide ~40% gain in mean UPT, ~80% gain in 90%ile UPT, and ~18-25% gain in tail UPT depending on Tx assumption 1 or Tx assumption 2 compared to sTRP with panel selection.  
Observation 2: For dense urban, STxMP can provide ~15% gain in mean UPT, ~30% gain in 90%ile UPT, and ~0% gain in tail UPT compared to sTRP with panel selection with Tx assumption 1; STxMP can provide ~27% gain in mean UPT, ~30% gain in 90%ile UPT, and ~30% gain in tail UPT compared to sTRP with panel selection with Tx assumption 2.  
Observation 3: Not allowing for simultaneous PUCCH+PUSCH transmission will not only degrade the performance of multi-DCI based mTRP operation, but also increases the specification efforts considerably. A UE capable of simultaneous PUCCH+PUCCH or PUSCH+PUSCH transmission is also capable of simultaneous PUCCH+PUSCH transmission. 
Proposal 1: For single-DCI based STxMP PUSCH schemes, support SDM scheme, FDM-A scheme, and FDM-B scheme.
· SFN-based scheme can be considered with a lower priority, i.e., only after completing details of SDM and FDM schemes.
· Do not support 2 CWs for SDM scheme, or SDM repetition scheme.
· For the agreed schemes, both DG-PUSCH and CG-PUSCH should be supported.

Proposal 2: For single-DCI based PUSCH SDM scheme:
· Support two SRS resource sets for codebook based or non-codebook based PUSCH, and SRS resource set indicator in the DCI similar to Rel-17 TDM mTRP PUSCH repetition. 
· The value of maxRank (1 or 2) associated with each SRS resource set in SDM scheme can be RRC-configured. 
· Support two SRI fields in the DCI, where for non-codebook based UL, each SRI field indicated 1 or 2 layers independently (according to Rel-15/16 tables with maxRank=1 or maxRank=2).
· Support two TPMI fields in the DCI for codebook-based UL, where each TPMI field indicates 1 or 2 layers independently (according to Rel-15/16 tables with maxRank=1 or maxRank=2).
· Given number of layers associated with the first SRS resource set is r1 (indicated by the first SRI/TPMI field) and number of layers associated with the second SRS resource set is r2 (indicated by the second SRI/TPMI field), and the r1+r2 DMRS ports indicated by the existing “antenna port(s)” field,
· If SRS resource set indicator field is set to ‘10’: The first r1 DMRS ports are associated with the first SRS resource set, and the remaining r2 DMRS ports are associated with the second SRS resource set.
· If SRS resource set indicator field is set to ‘11’: The first r2 DMRS ports are associated with the second SRS resource set, and the remaining r1 DMRS ports are associated with the first SRS resource set.

Proposal 3: For single-DCI based PUSCH SDM / FDM schemes, support dynamic switching between sTRP and STxMP for both Case 1 and Case 2 below:
· Case 1: Maximum number of PUSCH layers associated with one SRS resource set is the same irrespective of whether the PUSCH is associated with one SRS resource set (sTRP) or two SRS resource sets (STxMP).
· Case 2: Maximum number of PUSCH layers associated with one SRS resource set depends on whether the PUSCH is associated with one SRS resource set (sTRP) or two SRS resource sets (STxMP).

Proposal 4: For single-DCI based SDM scheme with max number of 2 PTRS ports, 
· The first bit of the PTRS-DMRS association field indicate the DMRS port associated with PTRS port 0 among the DMRS ports that are associated with the first SRS resource set.
· The second bit of the PTRS-DMRS association field indicate the DMRS port associated with PTRS port 1 among the DMRS ports that are associated with the second SRS resource set.

Proposal 5: For single-DCI based FDM PUSCH schemes (FDM-A scheme and FDM-B scheme), 
· Support two SRS resource sets for codebook based and non-codebook based PUSCH, and reuse Rel-17 mTRP PUSCH repetition signalling for SRI/ TPMI indication and PTRS-DMRS association. 
· Support both Case 1 and Case 2 for dynamic switching between sTRP and FDM.
· A set of RBs associated with one SRS resource set is contiguous. 
· For RA Type 1, use similar procedure as in the case of intra-slot frequency hopping to indicate the starting RB and RB length for the first set of RBs, and RB offset for the second set of RBs.

Proposal 6: For single-DCI based SDM/FDM schemes, support joint PHR triggering and reporting similar to Rel-17 TDM mTRP PUSCH repetitions, with the simplification that for SDM/FDM PUSCH the two reported PHR values are either both actual or both virtual.

Proposal 7: For simultaneous PUSCH+PUSCH transmission in a same CC with multi-DCI based framework, support DG-PUSCH+DG-PUSCH, CG-PUSCH+CG-PUSCH, and DG-PUSCH+CG-PUSCH.
· Support all overlapping types of fully/partially in time domain and fully/partially/non-overlapping in frequency domain (similar to PDSCH overlap in Rel-16 and subject to UE capability).
· The two PUSCHs that are at least partially overlapping in time domain are associated with different coresetPoolIndex values.
· For CG-PUSCH, the association with coresetPoolIndex value is determined based on
· Type 1 CG: RRC configuration per ConfiguredGrantConfig
· Type 2 CG: coresetPoolIndex value associated with the activation DCI

Proposal 8: For multi-DCI based PUSCH operation, support two SRS resource sets, where the first SRS resource set is associated with coresetPoolIndex value 0, and the second SRS resource set is associated with coresetPoolIndex value 1.
· The interpretation of the SRI/TPMI field of the DCI is based on the coresetPoolIndex value of the CORESET in which the DCI is received. 

Proposal 9: Study PHR triggering and reporting for multi-DCI based STxMP:
· Joint PHR triggering and reporting (similar to UL-CA) should be considered for ideal backhaul case.
· Separate PHR triggering and reporting can be considered for non-ideal backhaul case.

Proposal 10: For simultaneous PUCCH+PUCCH transmission in multi-DCI based multi-TRP, study the impact on UCI multiplexing rules such as performing per coresetPoolIndex value UCI multiplexing.
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Appendix I: SLS assumptions and additional evaluation results
[bookmark: _Ref111108442]Table 1: System-level simulation assumptions for STxMP.
	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz, SCS: 120 kHz, BW: 80 MHz,

	Maximum UE Tx Power
	· Tx power assumption 1:
· sTRP: Max 23 dBm total radiated power 
· STxMP: Max 20 dBm total radiated power per panel 
· Tx power assumption 2:
· sTRP: Max 20 dBm total radiated power 
· STxMP: Max 20 dBm total radiated power per panel 


	BS Antenna Configuration
	For dense urban: (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
For Indoor: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ
Additional configuration for indoor: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ
Beam selection based on RSRP. 

	UE antenna configuration
	Option 1: Panel structure: 1x4x2 or (M, N, P) = (1, 4, 2), dH = 0.5 λ. Number of panels: 2 (left and right).
Option 2: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180. The polarization angles are 0 and 90

	Traffic Model
	FTP mode 3 with packet size 0.5Mbytes.

	UL MIMO Mode, rank
	UL SU-MIMO
Up to rank 4 for STxMP with 2 panels.

	Baseline scheme
	Single panel transmission (sTRP) with panel selection based on RSRP.


	Max number of transmissions
	Initial transmission + one retransmission

	Scheduling delay assumed for PUSCH (K2 value)
	3 slots



Additional SLS results for various different configurations are presented below for sensitivity analysis. As it can be seen, the observations in Section 2 hold for other UE/gNB antenna configurations and other RU (resource utilization) values.
[image: ]
Figure 8: Indoor Hotspot, 10% RU, 4 antennas at UE per panel per polarization, 16 antennas at gNB per panel per polarization.
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Figure 9: Indoor Hotspot, 10% RU, 8 antennas at UE per panel per polarization, 64 antennas at gNB per panel per polarization.

[image: ]
Figure 10: Indoor Hotspot, 30% RU, 8 antennas at UE per panel per polarization, 16 antennas at gNB per panel per polarization.
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Figure 11: Dense Urban, 10% RU, 4 antennas at UE per panel per polarization.
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