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Introduction 
Followings were agreed in RAN1#110-e [1] for the study of simultaneous transmission across multiple panels (STxMP):
	Working assumption
Support the following scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
· In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.
Agreement
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2} . 
· FFS on layer combinations of {1+3} and {3+1} considering the performance gain, system/UE complexity, specification efforts, etc.
· FFS: the option of using layer combination of 0+n and n+0 for dynamic switch between single-panel and STxMP (n=1 or 2, 3 or 4). 
· This applies to SDM with 1 CW at least.
Agreement
To enhance the DMRS port indication for SDM scheme of STxMP PUSCH transmission in single-DCI based mTRP system, study the following aspects:
· Whether the indicated DMRS ports can be in different or same CDM group?
· How to determine the port partition among PUSCH layers.
· How to map DMRS ports with PUSCH layers from different panels.
· Whether to use one DCI field or two DCI fields for DMRS port indication
· How to indicate layer combination that is used to partition DMRS port partition among PUSCH layers.
· Other aspects are not precluded.
Agreement
Study and evaluate STxMP PUCCH based on the following:
· For single-DCI based STxMP PUCCH transmissions, companies to provide the detailed description of the scheme being evaluated along with evaluation results in contribution.
· For multi-DCI based STxMP PUCCH transmissions, transmitting two PUCCH resources with independent UCI payload to different TRPs with different UE panels that are fully or partially overlapping in time domain and partially/fully/non-overlapping in frequency domain can be considered.
· Note: Companies can reuse the EVM assumptions of Rel-18 STxMP as agreed in RAN1#109-e (other than the parameters that are specific to PUSCH) as well as Rel-17 EVM for PUCCH as agreed in RAN1#102-e (PUCCH format, # of RBs/symbols, UCI payload, and Frequency hopping as shown below).
· Baseline scheme can be Rel-15 PUCCH or Rel-17 mTRP PUCCH repetition.

	Parameters
	Potential values

	Baseline scheme
	Rel-15 PUCCH or Rel-17 mTRP PUCCH repetition

	PUCCH format
	Format 1 and 3.
Other PUCCH Formats can be optionally considered.

	# of RBs/symbols
	PUCCH Format 1: 4 symbols, 1 RB
PUCCH Format 3: 4 and 8 symbols, 1 RB
Other combinations are not precluded.

	UCI payload
	2 bits for PUCCH Format 1 (and Format 0, if considered). 
Companies to report assumptions on other PUCCH Formats

	Frequency hopping
	Reported by companies





Based on working scope included in the WID [2] and above agreements, we will share our view on simultaneous multi-panel UL transmission to MTRP for the following aspects:
· PUSCH transmission for S-DCI based MTRP
· PUSCH transmission for M-DCI based MTRP
· PUCCH transmission
Discussion1
S-DCI based PUSCH STxMP
PUSCH transmission schemes
In RAN1#110-e, SDM scheme is agreed to support, which allows a UE to transmit different layers/DMRS ports by two UE panels to two TRPs, for better uplink throughput, and SFN scheme is identified to further study.
In SFN scheme, UE simultaneously transmits duplications by two panels to two TRPs, on the same frequency-domain and time-domain resource. According to the evaluation result provided by some companies in RAN1#110-e, it shows that SFN scheme can achieve the comparable reliability as Rel-17 TDM repetition. Hence, we believe SFN scheme is a resource-efficient way to enhance reliability with lower latency. Moreover, vehicle UE is one of the target devices in Rel-18 simultaneous multi-panel UL transmission, PUSCH-SFN for HST should be considered.
Proposal 1: For S-DCI based PUSCH STxMP, support SFN scheme
Serval transmission schemes (e.g., SDM, SFN and TDM repetition) are discussed for PUSCH in S-DCI-based MTRP operation. In general, SFN scheme targets at HST scenario which is different from the appliable scenarios for TDM repetition scheme and SDM scheme; Thus, all the possible supported scheme can be semi-statically configured by RRC signalling. In addition, to guarantee scheduling flexibility, Rel-16/17 already supports dynamic switching between TDM/FDM scheme and SDM scheme for PDSCH in S-DCI based MTRP operation. Similarly, the dynamic switching between TDM scheme and SDM scheme should be supported for PUSCH in S-DCI based MTRP operation.
Proposal 2: For S-DCI based PUSCH STxMP, support dynamic switching between SDM scheme and TDM repetition scheme
· FFS: How to indicate the dynamic switching
Regarding SDM scheme, supporting two codewords to have individual link adaptation for two TRPs was proposed. According to our evaluation result provided in RAN1#110-e, SDM scheme with 2CWs don’t bring significant benefit on throughput performance, comparing to SDM scheme with 1CW. Even only one MCS is applied for the PUSCH to two TRPs in 1CW case, NW can optimize the MCS according to all the layers across two TRPs instead of the layers corresponding to worse TRP. Besides, although 2CWs case achieves individual MCS determination for two TRP links, we still observe that about 10%~15% of STxMP PUSCHs have two codewords with MCS level gap greater than 5, which implies that MCSs for two codewords in each transmission are quite close in our simulation result. We believe that is because panel/TRP-specific power control by aligning the received power at two TRPs can further overcome the difference of the link qualities between two TRPs, the benefit of supporting 2CWs become quite marginal. The simulation assumption can be found in the appendix of our contribution for RAN1#110-e. 
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Figure 1. CDF of MCS level gap between two codewords in SDM scheme under DU scenarios with different loading

Proposal 3: For S-DCI based PUSCH STxMP, support SDM scheme with 1CW

SRS resource set configuration and SRI/TPMI indication
In Rel-17, the configuration of two SRS resource sets, SRS resource set indicator field, two SRI fields and two TPMI fields were introduced for PUSCH TDM repetition, and there was a consensus to consider that as the starting point in RAN1#109-e. 
Basically, the configuration of two SRS resource sets, SRS resource set indicator field, two SRI fields and two TPMI fields can be reused for all the potential transmission schemes. In Rel-17, the number of layers for the PUSCH transmission occasions to two TRPs is indicated by the first TPMI field in Rel-17 PUSCH TDM repetition, which implies that all the PUSCH transmission occasions have the same number of layers. In our view, the same design can be used for SFN scheme, where the number of transmission layers to two TRPs shall be the same. However, as agreed in RAN1#110, SDM scheme allows to transmit different number of layers to two TRPs, thus separate layer indication would be necessary. 
Proposal 4: For the enhancement of SRS resource set configuration and SRI/TPMI indication for S-DCI based PUSCH STxMP (SFN/SDM/TDM), support the configuration of two SRS resource sets, an SRS resource set indicator, two SRI fields and two TPMI fields
· For SDM scheme in S-DCI based PUSCH STxMP, number of transmission layers to two TRPs are separately indicated/configured by two SRI/TPMI fields
· For SFN scheme in S-DCI based PUSCH STxMP, number of transmission layers for two TRPs is indicated/configured by the first TPMI field, as in Rel-17 TDM repetition
In previous meeting, using layer combination of 0+n and n+0 to enable dynamic switching between single-panel and STxMP (n=1 or 2, 3 or 4) was purposed. According to the association rule between SRS resource set(s) and TRP(s), each SRS resource set will associate with one TRP, and UE can naturally map one UE panel to each SRS resource set accordingly. Hence, when the NW indicates dynamic switch between S-TRP operation and M-TRP operation, it also achieves dynamic switch between single-panel and STxMP. Thus, we don’t see the need to introduce signaling other than the existing SRS resource set indicator to enable dynamic switching between single-panel and STxMP.
Observation 1: Dynamic switching between S-TRP operation and M-TRP operation can be enabled by the SRS resource set indicator, and UE can naturally map one or multiple UE panels to single TRP or multiple TRPs dynamically
Proposal 5: For S-DCI based PUSCH STxMP, not support layer combination of 0+n and n+0

DMRS Port Indication for SDM Scheme
The key issue for DMRS port indication in SDM scheme is how to map the indicated DMRS ports to the PUSCHs transmitted to different TRPs. There are multiple options summarized in previous meeting:
· Option 1: The DMRS ports associated with different SRS resource sets belong to different CDM groups
· Option 2: The DMRS ports associated with different SRS resource sets is indicated by layer combination
· Option 3: The DMRS ports associated with different SRS resource sets is indicated by two antenna ports fields
· Option 4: The DMRS ports associated with different SRS resource sets is indicated by one antenna port field corresponding to two sets of DMRS ports
In PDSCH S-DCI M-TRP operation with SDM scheme, two CDM groups are indicated, and the first TCI state corresponds to the CDM group of the indicated first antenna port and the second TCI state corresponds to the other CDM group. For R18 PUSCH STxMP, the association rule between TRPs and DMRS ports is applicable for PUSCH as well, such that the first SRS resource set corresponds to the CDM group of the indicated first antenna port and the second SRS resource set corresponds to the other CDM group. 
For option 2, if NWs indicates r1+r2 layer combination for the PUSCHs, then the first r1 indicated DMRS ports are associated with one SRS resource set and the remaining DMRS ports are associated with the other SRS resource set. This option is feasible only when the number of DMRS ports is identical to the number of transmission layer. Note that the number of DMRS ports could be larger than the number of transmission layers. Hence, this option will restrict the NW scheduling flexibility for codebook-based transmission. Option 3 introduces one more field to indicate the DMRS ports which should be associated with the second SRS resource set, this option is a straightforward way but resulting in more signalling overhead. And option 4 has two columns for individually indicating two set of DMRS ports in antenna port field, which also requires more signalling overhead and specification effort for DMRS port indication. 
Proposal 6: For S-DCI based PUSCH STxMP with SDM scheme, support indication of two CDM groups for transmission to two TRPs
· The first SRS resource set correspond to the CDM group of the indicated first antenna port and the second SRS resource set corresponds to the other CDM group

M-DCI based PUSCH STxMP
In Rel-16, when M-DCI based scheme is configured (i.e., when UE is configured with two different values of coresetPoolIndex in CORESETs), UE can receive two DCIs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain, where each PDCCH and the scheduled PDSCH are associated with one certain coresetPoolIndex value. Similarly, in Rel-18 simultaneous multi-panel UL transmission, when M-DCI based scheme is configured, UE can be scheduled with two PUSCHs that are transmitted by two UE panels simultaneously to two TRPs, respectively, if the two PUSCHs are associated with different coresetPoolIndex values, respectively.
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Figure 2. M-DCI based PUSCH STxMP

Regarding the combinations of different types PUSCH (i.e., DG-PUSCH and CG-PUSCH), we see it is beneficial to support all the possible combinations, including DG-PUSCH+DG-PUSCH, DG-PUSCH+CG-PUSCH, and CG-PUSCH+CG-PUSCH. The association between DG-PUSCH and a coresetPoolIndex value can be determined according to the scheduling DCI (i.e., transmitted on which CORESET pool). However, the association between CG-PUSCH and a coresetPoolIndex value is not provided in current specification. In our view, for Type-2 CG-PUSCH, the association can be also determined according to the activation DCI (i.e., transmitted on which CORESET pool). 
For Type-1 CG-PUSCH, the association can be provided by RRC, i.e., a coresetPoolIndex value can be provided in the corresponding CG configuration.
Regarding the overlapping type(s), we see all the types (fully/partially/non-overlapping) can be supported in both time and frequency domain, especially when two TRPs are not well coordinated.
Proposal 7: For M-DCI based MTRP, support simultaneous PUSCH+PUSCH transmission if the two PUSCHs are associated with different coresetPoolIndex values
· The two PUSCHs can be fully/partially overlapped in time domain and fully/partially/non overlapped in frequency domain
· Support DG-PUSCH+DG-PUSCH, DG-PUSCH+CG-PUSCH, and CG-PUSCH+CG-PUSCH
· The association between DG-PUSCH and a coresetPoolIndex value is determined according to the CORESET on which the scheduling DCI transmitted
· The association between Type-2 CG-PUSCH and a coresetPoolIndex value is determined according to the CORESET on which the activation DCI transmitted
· The association between Type-1 CG-PUSCH and a coresetPoolIndex value is determined according to the coresetPoolIndex value configured in the corresponding CG configuration
Proposal 8: For M-DCI based MTRP, not support simultaneous PUSCH+PUSCH transmission if any of the PUSCHs carries Msg3/MsgA
PUCCH STxMP
On PUCCH transmission, in our view, we should focus on M-DCI based MTRP, which has been captured in the WID [2]. For S-DCI based MTRP, it can be studied with low priority in Rel-18. 
Proposal 9: S-DCI based PUCCH STxMP can be studied with low priority in Rel-18
Like PUSCH, in M-DCI based MTRP, PUCCH+PUCCH transmissions can allowed to be fully/partially overlapped in time domain and fully/partially/non overlapped in frequency domain due to individual scheduling on each TRP, if the two PUCCHs are associated with different TRPs, respectively. Although PUCCH cannot leverage transmission precoding to reduce the interference between two overlapped transmissions, the interference may not a big issue in FR2 since the overlapped PUCCHs are more likely to be transmitted by different UL spatial filters.
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Figure 3. M-DCI based PUCCH STxMP
Proposal 10: For M-DCI based MTRP, support simultaneous PUCCH+PUCCH transmission if the two PUCCHs are associated with different TRPs
· The two PUCCHs can be fully/partially overlapped in time domain and fully/partially/non overlapped in frequency domain
On how to determine whether two PUCCH resources are associated with the same or different TRPs, we see there are two potential solutions:
· Alt1: Based on the coresetPoolIndex values, where one of the coresetPoolIndex values can be provided in each PUCCH resource configuration
· Alt2: Based on the PUCCH group configuration
· Alt3: Based on the indicated joint/UL TCI state applying to each PUCCH resource
Proposal 11: On how to determine whether two PUCCH resources are associated with a same TRP or different TRPs, down-select from one of the following alternatives:
· Alt1: Based on the coresetPoolIndex values, where one of the coresetPoolIndex values can be provided in each PUCCH resource configuration
· Alt2: Based on the PUCCH group configuration
· Alt3: Based on the indicated joint/UL TCI state applying to each PUCCH resource
In current specification according to TS 38.213, when two PUCCH resources are overlapped in time domain, UE determines one PUCCH resource (which may be one of the PUCCH resources or neither of them) and multiplexes both UCIs on the determined PUCCH resource. For M-DCI based PUCCH STxMP, such multiplexing rule need to be changed if two PUCCH resources are associated with different TRPs. Also, for two overlapped CSI reports, there is a dropping rule based on the priority values of the CSI reports defined in TS 38.214, which should be changed if two CSI reports are transmitted through PUCCH resources associated with different TRPs.
Proposal 12: For M-DCI based PUCCH STxMP, study the spec impact on the following procedures:
· UE procedure for reporting multiple UCI types in TS 38.213
· Priority rules for CSI reports in TS 38.214

Power Headroom Report
Until Rel-17, the power headroom report including R17 power headroom reporting (PHR) for S-DCI based M-TRP is designed assuming single panel transmission. R17 PHR for S-DCI based M-TRP allows TRP-specific PHR to report two power headroom values corresponding to two TRPs in a power headroom report.
In S-DCI based M-TRP operation, R17 PHR for M-TRP is designed for TDM repetition scheme. We think it can be reused as baseline, and some enhancement is needed to support PHR in STxMP. First, the determination rule of actual PHR or virtual PHR is according to transmission timing of two PUSCH occasions, which is inapplicable for STxMP because there is one PUSCH occasion only. Note that if dynamic switch between S-TRP and M-TRP is supported for STxMP, the PUSCH can be transmitted to two TRPs or single TRP. Hence, in our view, the determination rule for types of two power headroom in a PHR can be specified as follows: 
· If the first PHR is actual for an actual PUSCH transmission associated with one SRS resource set
· If the PUSCH transmission is associated with the other SRS resource set as well, then the second PHR is actual.
· Else, the second PHR for a reference PUSCH associated with the other SRS resource set is virtual
· If the first PHR is virtual for a reference PUSCH transmission associated with one SRS resource set, and the second PHR for a reference PUSCH associated with the other SRS resource set is virtual
Observation 2: R17 power headroom report for M-TRP can be reused as baseline for power headroom report in S-DCI based STxMP.
Observation 3: Determination rule for virtual PHR or actual PHR for R17 power headroom report for M-TRP is inapplicable for R18 STxMP
Second, under per-UE power limitation assumption, the total power of PUSCH transmitted from single-panel or multi-panel is limited by the maximum total transmit power . In STxMP, the total transmit power is shared for two panels according to UE’s implementation, which implies that the maximum transmit power for two panels () could be different. Hence, to report per-panel maximum transmit power is required for STxMP, and it is not allowed in legacy power headroom reporting. 
Observation 4: To report per-panel maximum transmit power is necessary for STxMP. 
Proposal 13: For power headroom report in S-DCI based STxMP, study the enhancement considering R17 power headroom report for S-DCI based M-TRP operation as starting point
For STxMP in M-DCI based M-TRP operation, power headroom report should be triggered by two TRPs individually. According to procedure of legacy power headroom reporting, some issues may be raised:   
· Issue 1: A PHR for one TRP may be triggered because the condition is satisfied for the other TRP  
· Issue 2: Which PSUCH should carry the PHR when two PUSCH are fully overlapping in time-domain
It seems that the legacy PHR rule is not appliable and should be further study if STxMP in M-DCI based M-TRP operation is supported. 
Proposal 14: For power headroom report in M-DCI based STxMP, study the enhancement for supporting individual power headroom reporting for two panels/TRPs
Conclusion
Based on the discussion in the previous sections, we made the following proposals and observations:
S-DCI based PUSCH STxMP
Proposal 1: For S-DCI based PUSCH STxMP, support SFN scheme
Proposal 2: For S-DCI based PUSCH STxMP, support dynamic switching between SDM scheme and TDM repetition scheme
· FFS: How to indicate the dynamic switching
Proposal 3: For S-DCI based PUSCH STxMP, support SDM scheme with 1CW
Proposal 4: For the enhancement of SRS resource set configuration and SRI/TPMI indication for S-DCI based PUSCH STxMP (SFN/SDM/TDM), support the configuration of two SRS resource sets, an SRS resource set indicator, two SRI fields and two TPMI fields
· For SDM scheme in S-DCI based PUSCH STxMP, number of transmission layers to two TRPs are separately indicated/configured by two SRI/TPMI fields
· For SFN scheme in S-DCI based PUSCH STxMP, number of transmission layers for two TRPs is indicated/configured by the first TPMI field, as in Rel-17 TDM repetition
Observation 1: Dynamic switching between S-TRP operation and M-TRP operation can be enabled by the SRS resource set indicator, and UE can naturally map one or multiple UE panels to single TRP or multiple TRPs dynamically
Proposal 5: For S-DCI based PUSCH STxMP, not support layer combination of 0+n and n+0
Proposal 6: For S-DCI based PUSCH STxMP with SDM scheme, support indication of two CDM groups for transmission to two TRPs
· The first SRS resource set correspond to the CDM group of the indicated first antenna port and the second SRS resource set corresponds to the other CDM group
M-DCI based PUSCH STxMP
Proposal 7: For M-DCI based MTRP, support simultaneous PUSCH+PUSCH transmission if the two PUSCHs are associated with different coresetPoolIndex values
· The two PUSCHs can be fully/partially overlapped in time domain and fully/partially/non overlapped in frequency domain
· Support DG-PUSCH+DG-PUSCH, DG-PUSCH+CG-PUSCH, and CG-PUSCH+CG-PUSCH
· The association between DG-PUSCH and a coresetPoolIndex value is determined according to the CORESET on which the scheduling DCI transmitted
· The association between Type-2 CG-PUSCH and a coresetPoolIndex value is determined according to the CORESET on which the activation DCI transmitted
· The association between Type-1 CG-PUSCH and a coresetPoolIndex value is determined according to the coresetPoolIndex value configured in the corresponding CG configuration
Proposal 8: For M-DCI based MTRP, not support simultaneous PUSCH+PUSCH transmission if any of the PUSCHs carries Msg3/MsgA
PUCCH STxMP
Proposal 9: S-DCI based PUCCH STxMP can be studied with low priority in Rel-18
Proposal 10: For M-DCI based MTRP, support simultaneous PUCCH+PUCCH transmission if the two PUCCHs are associated with different TRPs
· The two PUCCHs can be fully/partially overlapped in time domain and fully/partially/non overlapped in frequency domain
Proposal 11: On how to determine whether two PUCCH resources are associated with a same TRP or different TRPs, down-select from one of the following alternatives:
· Alt1: Based on the coresetPoolIndex values, where one of the coresetPoolIndex values can be provided in each PUCCH resource configuration
· Alt2: Based on the PUCCH group configuration
· Alt3: Based on the indicated joint/UL TCI state applying to each PUCCH resource
Proposal 12: For M-DCI based PUCCH STxMP, study the spec impact on the following procedures:
· UE procedure for reporting multiple UCI types in TS 38.213
· Priority rules for CSI reports in TS 38.214
Power Headroom Report
Observation 2: R17 power headroom report for M-TRP can be reused as baseline for power headroom report in S-DCI based STxMP.
Observation 3: Determination rule for virtual PHR or actual PHR for R17 power headroom report for M-TRP is inapplicable for R18 STxMP
Observation 4: To report per-panel maximum transmit power is necessary for STxMP. 
Proposal 13: For power headroom report in S-DCI based STxMP, study the enhancement considering R17 power headroom report for S-DCI based M-TRP operation as starting point
Proposal 14: For power headroom report in M-DCI based STxMP, study the enhancement for supporting individual power headroom reporting for two panels/TRPs
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