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Introduction
In this contribution, we discuss some remaining aspects related to simultaneous multi-panel UL transmission. The aspects related to power control or PHR for STxMP are not discussed in this document as our understanding is that the remaining details for power control or PHR reporting will be discussed under unified TCI sub-agenda 8.1.1.1.
Issue 1: PTRS power boost for SDM scheme
In legacy, Table 6.2.3.1-3 (38.214, Section 6.2.3.1) specifies the PTRS power boost or “factor related to PUSCH to PT-RS power ratio per layer per RE”. The principle in legacy is as follows:
· When ptrs-Power=01 is configured or for full coherent UEs, the power boost of PTRS scales with number of PUSCH layers as the power across different antennas can be shared. Hence, there is 3dB / 4.77dB / 6dB for 2 / 3 / 4 layers, respectively.
· When ptrs-Power=00 is configured and for partial/non coherent UEs:
· When there are 2 PTRS ports, there is always 3dB power boost. This is due to not transmitting anything by a given port/antenna group on half of PTRS REs that are used by another port/antenna group for PTRS transmission. This power boost is due to muting in frequency domain, and not because of sharing power across antennas.
· Other than 4 layers and partial coherent UEs, there is no additional power boost as power sharing across antennas is not assumed. For 4 layers and partial coherent UEs, 3dB additional power boost is possible due to sharing power within the coherent antennas only.

For single-DCI based SDM scheme, there are multiple differences compared to legacy: (1) Antennas associated with different panels are non-coherent by definition, and power sharing cannot be assumed (2) The layers associated with the same panel as the PTRS port are the determining factor, and not the total number of layers. (3) When there are 2 PTRS ports, the 3dB power boost (due to frequency domain muting) should be always assumed irrespective of coherency assumption (given that the “full/partial/non-coherency” is within a panel and not across panels).
[bookmark: _Hlk149396401]Hence, the following table is needed to address the above for SDM scheme, where Qp is the number of PTRS ports similar to legacy. This table follows the same principles as legacy described above. Furthermore, in case of 2 PTRS ports, this table should be applied to the first and second PTRS ports separately. This is because the power boost value may be different for the two PTRS ports (e.g., for 1+2 or 2+1 layer combinations).  
Table 1: Factor related to PUSCH to PT-RS power ratio per layer per RE for SDM scheme.
	ptrs-Power  
	The number of PUSCH layers associated with the PTRS port

	
	1
	2

	
	All cases
	Full coherent
	Partial and non-coherent and non-codebook based

	00
	[bookmark: _Hlk149395730]3Qp-3
	3Qp
	3Qp-3

	01
	3Qp-3
	3Qp
	3Qp



In addition, we would like to note that this is not a matter of optimization, but it is about feasibility. This is because there are cases that it is not even possible or feasible to reuse the legacy table directly. One example is given here: Assume full coherent UE (within a panel) and 1+2 layers for SDM scheme with 1 PTRS port that is associated with the first layer (transmitted from the first panel): Reusing the legacy table results in 4.77dB power boost for the PTRS port, which is not possible. In fact, only 0dB (no power boost) is feasible in this case.
Proposal 1: For single-DCI based SDM scheme, use Table 1 above to determine the PTRS power, where Qp is the number of PTRS ports. When Qp=2, the table is separately applied to the first and second PTRS ports.
Issue 2: DCI format 0_2 for multi-DCI
Based on the following text in 38.212 for multi-DCI based PUSCH+PUSCH, UE can be configured with two SRS resource sets for DCI format 0_1 and one SRS resource sets for DCI format 0_2, where the SRS resource set for DCI format 0_2 is a subset of the first SRS resource set for DCI format 0_1 as illustrated in Figure 1.When the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for the first CORESETs, and is provided coresetPoolIndex with value 1 for the second CORESETs, and is provided enableSTx2PofmDCI, and there are two SRS resource sets configured by srs-ResourceSetToAddModListDCI-0-2 and associated with usage of value 'codebook' or 'nonCodeBook', the first SRS resource set is associated with coresetPoolIndex value 0 and the second SRS resource set is associated with coresetPoolIndex value 1, where the first and the second SRS resource sets are respectively the ones with lower and higher srs-ResourceSetId of the two SRS resources sets, and the first and second SRS resource sets are composed of the first  SRS resources together with other configurations in the first and second SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModList, if any, and associated with the higher layer parameter usage of value 'codebook' or 'nonCodeBook', respectively, except for the higher layer parameters 'srs-ResourceSetId' and 'srs-ResourceIdList'.
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[bookmark: _Ref146219148]Figure 1: Two SRS resource sets for DCI formats 0_1 and one SRS resource set for DCI format 0_2.
In this case, the condition for simultaneous transmission (which is based on association with different CORESETPoolIndex values) becomes problematic. For example, assume that a DCI format 0_1 in coresetPoolIndex value 0 scheduled a first PUSCH associated with the first SRS resource set configured for DCI format 0_1 (set with ID=x) while DCI format 0_2 in coresetPoolIndex value 1 schedules an overlapping PUSCH (which has to be associated with SRS resource set with ID=z). Even though, the overlapping PUSCHs are associated with different coresetPoolIndex values, this results in both SRS resource sets to be associated with the same panel given that the SRS resource set in srs-ResourceSetToAddModListDCI-0-2 is a subset of the first SRS resource set in srs-ResourceSetToAddModList. This is illustrated in Figure 2.
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[bookmark: _Ref149402907]Figure 2: Two PUSCHs scheduled from two different coresetPoolIndex values are associated with the same panel.
This situation is currently allowed by the spec, but it is not implementable. Hence, a clear restriction is needed so that this scenario can be avoided. To us, the simplest way is to ensure that both srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 have two SRS resource sets when the UE is configured with multi-DCI based PUSCH+PUSCH and monitors DCI format 0_2. We do not think this restriction results in inflexibility. However, an alternative way would be to have a restriction that UE does not expect to detect DCI format 0_2 in a CORESET associated with coresetPoolIndex value 1.
Hence, propose the following. Note that Alt1 is simpler and preferred, but Alt2 can also address this issue.  
Proposal 2: When UE is provided enableSTx2PofmDCI, and monitors both DCI formats 0_1 and 0_2
· Alt1: The UE expects to be configured with two SRS resource sets with usage 'codebook' or 'nonCodeBook' in each of srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2. 
· Alt2: 
· If two SRS resource sets with usage 'codebook' or 'nonCodeBook' are configured in srs-ResourceSetToAddModList but only one SRS resource set with usage 'codebook' or 'nonCodeBook' is configured in srs-ResourceSetToAddModListDCI-0-2, the UE does not expect to detect DCI format 0_2 in a CORESET associated with coresetPoolIndex value 1.
· If two SRS resource sets with usage 'codebook' or 'nonCodeBook' are configured in srs-ResourceSetToAddModListDCI-0-2 but only one SRS resource set with usage 'codebook' or 'nonCodeBook' is configured in srs-ResourceSetToAddModList, the UE does not expect to detect DCI format 0_1 in a CORESET associated with coresetPoolIndex value 1.
Issue 3: MPE report for STxMP
Enhanced MPE report is specified in Rel-17, where UE can additionally report N P-MPR values associated with N UL beams (N=1, 2, 3, 4), and for each of the N P-MPR values, UE also reports corresponding SSBRI/CRI selected from a RRC configured candidate SSB/CSI-RS resource pool (“mpe-ResourcePool-r17”). For Rel-18, it is reasonable to configure two MPE resource pools associated with the two SRS resource sets. This ensures that UE reports MPE values (and corresponding SSBIR / CRI) from both MPE resource pools. Furthermore, UE may consider if a reported beam pair corresponds to different UE panels (i.e., can be transmitted simultaneously) as part of criteria for reporting. 
Proposal 3: To facilitate MPE mitigation for STxMP transmission, support the following enhancement on Rel-17 MPE reporting:
· The UE is configured with two SSB/CSI-RS resource pools for MPE reporting, each of which is associated with the first or second SRS resource sets for CB or NCB.
· The UE can report N (=1,2) pairs of {P-MPR and SSBRI/CRI} through PHR MAC CE, where in each reported pair, the first value of {P-MPR value and SSBRI/CRI} is associated with the first pool and the second value of {P-PMR and SSBRI/CRI} is associated with the second pool.
Conclusion 
In this contribution, we have the following proposals:
Proposal 1: For single-DCI based SDM scheme, use Table 1 above to determine the PTRS power, where Qp is the number of PTRS ports. When Qp=2, the table is separately applied to the first and second PTRS ports.
Table 1: Factor related to PUSCH to PT-RS power ratio per layer per RE for SDM scheme.
	ptrs-Power  
	The number of PUSCH layers associated with the PTRS port

	
	1
	2

	
	All cases
	Full coherent
	Partial and non-coherent and non-codebook based

	00
	3Qp-3
	3Qp
	3Qp-3

	01
	3Qp-3
	3Qp
	3Qp



Proposal 2: When UE is provided enableSTx2PofmDCI, and monitors both DCI formats 0_1 and 0_2
· Alt1: The UE expects to be configured with two SRS resource sets with usage 'codebook' or 'nonCodeBook' in each of srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2. 
· Alt2: 
· If two SRS resource sets with usage 'codebook' or 'nonCodeBook' are configured in srs-ResourceSetToAddModList but only one SRS resource set with usage 'codebook' or 'nonCodeBook' is configured in srs-ResourceSetToAddModListDCI-0-2, the UE does not expect to detect DCI format 0_2 in a CORESET associated with coresetPoolIndex value 1.
· If two SRS resource sets with usage 'codebook' or 'nonCodeBook' are configured in srs-ResourceSetToAddModListDCI-0-2 but only one SRS resource set with usage 'codebook' or 'nonCodeBook' is configured in srs-ResourceSetToAddModList, the UE does not expect to detect DCI format 0_1 in a CORESET associated with coresetPoolIndex value 1.

Proposal 3: To facilitate MPE mitigation for STxMP transmission, support the following enhancement on Rel-17 MPE reporting:
· The UE is configured with two SSB/CSI-RS resource pools for MPE reporting, each of which is associated with the first or second SRS resource sets for CB or NCB.
· The UE can report N (=1,2) pairs of {P-MPR and SSBRI/CRI} through PHR MAC CE, where in each reported pair, the first value of {P-MPR value and SSBRI/CRI} is associated with the first pool and the second value of {P-PMR and SSBRI/CRI} is associated with the second pool.
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