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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, single-DCI based simultaneous multi-panel UL transmission is discussed.
· In Section 3, multi-DCI based simultaneous multi-panel UL transmission is discussed.
· In Section 4, other aspects of simultaneous multi-panel UL transmission, which may be common to both single-DCI and multi-DCI based mTRP are discussed.
· In section 5, evaluation methodology for simultaneous multi-panel UL transmission is discussed.
Single-DCI based simultaneous multi-panel UL transmission
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 was 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.
Now for Rel-18 single-DCI based simultaneous multi-panel UL transmission, SDM / FDM / SFN schemes for PUSCH and FDM / SFN schemes for PUCCH can be considered and studied. Given the objective of this item on “higher UL throughput/reliability”, our view is that SDM scheme for PUSCH has the highest priority given it enables higher rank MIMO in FR2 as well as higher reliability (SDM scheme for PUSCH is already implied from the WID), 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.   
Proposal 1: For single-DCI based simultaneous multi-panel UL transmission, the primary focus should be on SDM / FDM schemes for PUSCH.
· Further study FDM scheme for PUCCH and SFN schemes for PUSCH/PUCCH.
· 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 1.
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[bookmark: _Ref101477153]Figure 1: 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)

Proposal 2: For single-DCI based PUSCH SDM scheme, support the following
· Rank combinations 1+1, 1+2, 2+1, and 2+2 similar to Rel-16 SDM PDSCH scheme
· 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
· Two SRI fields in the DCI
· Two TPMI fields in the DCI (for codebook-based UL)

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 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.
· Unlike TDM mTRP PUSCH repetition, the 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.

As a result, the differences between SDM PUSCH scheme and Rel-16 SDM PDSCH scheme or Rel-17 TDM mTRP PUSCH repetition should be both taken into account when designing the signalling for SDM PUSCH scheme.
Proposal 3: For signalling aspects of the single-DCI based PUSCH SDM scheme, identify the differences compared to Rel-16 SDM PDSCH scheme and/or Rel-17 TDM mTRP PUSCH repetition with respect to the following:
· Mapping DMRS ports to the two beams / TRPs / SRS resource sets.
· Details of SRI / TPMI signalling in the DCI by two SRI fields / TPMI fields. 

Regarding single-DCI based FDM PUSCH scheme, which is illustrated in Figure 5, both joint rate matching scheme (analogous to fdmSchemeA for PDSCH in Rel-16) and repetition-based scheme (analogous to fdmSchemeB for PDSCH in Rel-16) can be considered. For the FDM case, SRS resource set configuration, precoding indication (SRI/TPMI signalling), and PTRS-DMRS association can be similar to Rel-17 mTRP PUSCH repetition.
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Figure 2: Single-DCI based FDM PUSCH schemes.
Proposal 4: For single-DCI based FDM PUSCH scheme, consider single RV (joint rate matching) and two RVs (repetition).
· 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. 

Multi-DCI based simultaneous multi-panel UL transmission
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. 
Proposal 5: 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.
· 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

Furthermore, different types of overlap were considered in the Rel-16 PDSCH+PDSCH design such as: 
· Non-overlapping in time and non-overlapping in frequency 
· Partial overlapping in time and non-overlapping in frequency
· Full overlapping in time and non-overlapping in frequency
· Partial overlapping in resources (both time and frequency)
· Full overlapping in resources (same time and frequency domain resources)

For PUSCH+PUSCH or PUCCH+PUCCH in Rel-18, additional considerations may be needed with respect to overlap type due to potential RF issues, which require further study.
[bookmark: _Hlk101519146]Proposal 6: For simultaneous PUSCH+PUSCH or PUCCH+PUCCH in the same CC, study different overlap types in time and frequency domain taking into account UE implementations and RF considerations. 
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 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 7: 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. 

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 2 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 3: 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 3.
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[bookmark: _Ref101528229]Figure 4: Per-TRP UCI multiplexing for simultaneous PUCCH+PUCCH transmission.
Proposal 8: 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, we would like to point out an issue with the existing scope of the WID. The issue itself may need to be dealt with in the RAN plenary, but it is important to understand the consequence if the issue is not addressed appropriately. The issue is that simultaneous PUCCH+PUSCH does not seem to be in the scope of the WID. Then, if two overlapping PUCCHs that could be transmitted simultaneously overlap with only one PUSCH as illustrated in Figure 4, 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 5: 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: 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. 
Other aspects of simultaneous multi-panel UL transmission
In this section, we discuss some aspects of the simultaneous multi-panel UL transmission that may be common to both single-DCI based framework and multi-DCI based framework. 
Transmissions from different UE panels have different power control parameters. The signalling aspects for power control using unified TCI will be discussed in AI 9.1.1.1. However, the UE configured maximum output power (PCMAX,f,c) in the power control formula should be also discussed for the case of simultaneous multi-panel UL transmissions. For example, whether the maximum power is shared across simultaneous transmissions or if it is separate should be discussed. In our view, given that different panels have different PA’s, the starting point should be separate maximum output power limit for each of the two simultaneous transmissions in a CC. Furthermore, in the case of UL-CA, the maximum output power for a frequency range (e.g., FR2) is defined as PCMAX and prioritizations rules for transmission power reductions across multiple CCs in the frequency range are specified. Similarly, the maximum output power for UL-CA in a given FR (PCMAX) should be discussed in the case of simultaneous multi-panel UL transmission. When the power across the two panels is not shared, separate PCMAX may be needed for each panel.
Proposal 9: Study how to define the maximum output power per CC and across CCs in a given FR (i.e., PCMAX,f,c and PCMAX) for simultaneous multi-panel UL transmission. The starting point should be separate and per-panel maximum output power limit.
Another issue is related to PHR reporting: Whether PHR triggering and reporting is joint or is per TRP, which depends on the single-DCI versus multi-DCI based multi-TRP operation. In the case of single-DCI based multi-TRP, joint PHR triggering and reporting similar to Rel-17 mTRP PUSCH repetitions can be considered. Furthermore, in the case of multi-DCI based mTRP, this may depend on the backhaul condition across the two TRPs.
Proposal 10: Study PHR triggering and reporting for simultaneous multi-panel UL transmission:
· Joint PHR triggering and reporting should be considered for single-DCI based multi-TRP operation.
· Separate PHR triggering and reporting can be considered for multi-DCI based multi-TRP operation.

Evaluation methodology for simultaneous transmission
Regarding system-level simulation assumptions for simultaneous transmission, table 1 below can be the baseline, which is based on the evaluation methodology for multi-beam enhancement in Rel-17:
[bookmark: _Ref101821748]Table 1: Baseline SLS assumptions for Simultaneous Transmission
	Parameters
	Values

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

	Scenarios
	· Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor
· Companies explain the number of dropped UEs
· Indoor (TR 38.901/802) 

	UE speed
	3 km/hr.

	Maximum UE Tx Power per Panel
	23 dBm, max EIRP 43 dBm 

	BS receiver Noise Figure
	7 dB

	BS Antenna Configuration
	2 ports: (M, N, P, Mg, Ng;) = (8,8, 2,1,1), (dV, dH) = (0.5, 0.5) λ
4 ports: (M, N, P, Mg, Ng) = (8,8, 2,1,2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (4.0, 4.0) λ
8 ports: (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


	BS Antenna radiation pattern
	TR 38.802 Table A.2.1-6, Table A.2.1-7

	UE antenna configuration
	Option1:  (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

Option2: Number/location of panels: 3 panels (left, right, and back) 
Panel structure: (M, N, P) = (1, 4, 2); (dV, dH) = (0.5, 0.5)λ


	UE Antenna radiation pattern
	TR 38.802 Table A.2.1-8

	Traffic Model
	· FTP mode 3 and/or other packet size (e.g.  32bytes/URLLC/reliability, 2Mbyte/EMBB) can be considered.
· File expiration time: 1ms/URLLC/Reliability, NO/EMBB

	Control and RS overhead
	Companies report details of the assumptions 

	BF scheme
	Companies explain what scheme is used

	UE Antenna height
	1.5 m

	MIMO Mode
	UL SU-MIMO/MU-MIMO



Proposal 11: For SLS simulation assumptions, support Table 1 as baseline.
Conclusion 
In this contribution, we proposed:
Proposal 1: For single-DCI based simultaneous multi-panel UL transmission, the primary focus should be on SDM / FDM schemes for PUSCH.
· Further study FDM scheme for PUCCH and SFN schemes for PUSCH/PUCCH.
· For the agreed schemes, both DG-PUSCH and CG-PUSCH should be supported.

Proposal 2: For single-DCI based PUSCH SDM scheme, support the following
· Rank combinations 1+1, 1+2, 2+1, and 2+2 similar to Rel-16 SDM PDSCH scheme
· 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
· Two SRI fields in the DCI
· Two TPMI fields in the DCI (for codebook-based UL)

Proposal 3: For signalling aspects of the single-DCI based PUSCH SDM scheme, identify the differences compared to Rel-16 SDM PDSCH scheme and/or Rel-17 TDM mTRP PUSCH repetition with respect to the following:
· Mapping DMRS ports to the two beams / TRPs / SRS resource sets.
· Details of SRI / TPMI signalling in the DCI by two SRI fields / TPMI fields. 

Proposal 4: For single-DCI based FDM PUSCH scheme, consider single RV (joint rate matching) and two RVs (repetition).
· 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. 

Proposal 5: 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.
· 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 6: For simultaneous PUSCH+PUSCH or PUCCH+PUCCH in the same CC, study different overlap types in time and frequency domain taking into account UE implementations and RF considerations. 
Proposal 7: 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 8: 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.
Observation: 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 9: Study how to define the maximum output power per CC and across CCs in a given FR (i.e., PCMAX,f,c and PCMAX) for simultaneous multi-panel UL transmission. The starting point should be separate and per-panel maximum output power limit.
Proposal 10: Study PHR triggering and reporting for simultaneous multi-panel UL transmission:
· Joint PHR triggering and reporting should be considered for single-DCI based multi-TRP operation.
· Separate PHR triggering and reporting can be considered for multi-DCI based multi-TRP operation.

Proposal 11: For SLS simulation assumptions, support Table 1 as baseline.
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