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Background
In RAN plenary #94e, the work item on MIMO Evolution for Downlink and Uplink was approved [1]. According to the WID, the following work item needs to be studied, and if justified, specified.
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.

In this contribution, we share our views on UL multi-panel transmission.

Discussions
1.1. Single-DCI based STxMP PUSCH
For indication of L1 and L2 layers in SDM scheme, the following agreement and conclusion were made.
	Agreement
For SDM scheme single-DCI based STxMP transmission, when L1 and L2 layers are indicated/determined by two TPMI fields of CB PUSCH or two SRI fields of NCB PUSCH respectively:
· The first L1 indicated DMRS ports correspond to the L1 layers indicated by the first TPMI or SRI field
· The remaining L2 indicated DMRS ports correspond to the L2 layers indicated by the second TMPI or SRI field
· Support at least one of the following options for indication of layer combination {1+2}:
· Option 1: new entry is added to DMRS table, e.g., {0, 2, 3}, {2, 0, 1}.
· Option 2: use DCI field (e.g., SRS resource set indicator) to indicate that for layer combination {1+2}, the first two indicated DMRS ports correspond to the 2 layers indicated by the second TPMI or SRI field and the rest one indicated DMRS port correspond to the layer indicated by the first TPMI or SRI field.
· Option 3: For layer combination of {1+2}, the DMRS port in the CDM group with only one port is mapped to the SRI/TPMI field indicating one layer, and the DMRS ports in the CDM group with 2 ports are mapped to the SRI/TPMI field indicating 2 layers
· Other options are not precluded

Conclusion
There is no consensus to support layer combinations {1+3} and {3+1} in SDM scheme of single-DCI based STxMP PUSCH.




Under the current specification, the second TPMI field indicates the same number of layers as the indicated one by the first TPMI field to support PUSCH repetition with sequential/cyclical beam/precoding for Rel-17 mTRP PUSCH transmission. If we reuse this field to indicated the number of layers for each panel, only the layer combination of {1+1, 2+2} can be supported. To support {1+2, 2+1}, L2 must be indicated independently to L1. Therefore we should enhance the second TPMI field to include the number of layers. 
Proposal 1: The second TPMI field should indicate L2 independently to L1.
Regarding the indication of layer combination {1+2}, 3 options have been proposed. It is preferrable that the unified solution should be adopted as much as possible to minimize the specification impact and standardization workload. In our view, we have already specified some reusable DCI field, e.g. SRS resource set indicator. Thus, we support the Option 2 for indication of L1 and L2 layers in SDM scheme.
Proposal 2: Support the Option 2 for indication of L1 and L2 layers in SDM scheme.

For dynamic switching between signle DCI based SDM scheme and single TRP transmission, the following agreement was made.
	Agreement
For dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission:
· Use the 2-bit “SRS resource set indicator” DCI field to dynamically indicate the sTRP or SDM transmission.
· FFS: how to interpret each codepoint of “SRS resource set indicator”.
· For the maximal number of layers for sTRP transmission, down-select:
· Option1: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) in current spec
· Option2:  Configuring one additional maximal numbers of layers for sTRP transmission, in addition to maxRank in current spec.
· Down-select one from the following for maximal number of layers of SDM transmission:
· Alt1: Configure one single maximal number of layers (separate from the maximal number(s) of layers for sTRP), that is applied to the first SRS resource set and the second SRS resource set, separately.
· Alt1a: The maxRank (or Lmax) in current spec is also applied to the first SRS resource set and the second SRS resource set, separately.
· Alt2: Configure separate maximal numbers of layers for the first SRS resource set and the second SRS resource set 
· Alt3: no dedicated configuration for SDM. The maximal number(s) of layers of sTRP and the UE capability reporting for SDM are used to determine the maximal number of layers of SDM transmission.
· Alt4: The maximal number(s) of layers in above Option1/2 also applied to the first SRS resource set and the second SRS resource set, separately.
· FFS:  To ensure the same size of DCI for sTRP and SDM cases, how to use/interpret the TPMI/SRI field(s) and whether to do reserved bit or zero padding.




As described above discussion for Proposal 2 and the agreement, we should discuss how to interpret each codepoint of SRS resource set indicator. According to current specification for the Rel-17 mTRP PUSCH TDM scheme, SRS resource set indicator is configured as the following table 1. 
Table 1: SRS resource set indicator for Rel-17 mTRP PUSCH TDM
	Codepoint
	scheme
	SRS resource set indication

	00
	sTRP
	1st SRI/TPMI fields are associated with 1st SRS resource set
2nd SRI/TPMI fields are reserved

	01
	sTRP
	1st SRI/TPMI fields are associated with 2nd SRS resource set
2nd SRI/TPMI fields are reserved

	10
	mTRP
	1st SRI/TPMI fields are associated with 1st SRS resource set
2nd SRI/TPMI fields are associated with 2nd SRS resource set

	11
	mTRP
	1st SRI/TPMI fields are associated with 1st SRS resource set
2nd SRI/TPMI fields are associated with 2nd SRS resource set



The Rel-18 STxMP PUSCH SDM scheme can assume as following table 2, similar to the Rel-17 mTRP PUSCH TDM. 
Table 2: SRS resource set indicator for Rel-18 STxMP PUSCH SDM
	Codepoint
	scheme
	SRS resource set indication

	00
	sTRP
	1st SRI/TPMI fields are associated with 1st SRS resource set
2nd SRI/TPMI fields are reserved

	01
	sTRP
	1st SRI/TPMI fields are reserved
2nd SRI/TPMI fields are associated with 2nd SRS resource set

	10
	SDM
	1st SRI/TPMI fields are associated with 1st SRS resource set
2nd SRI/TPMI fields are associated with 2nd SRS resource set

	11
	SDM
	1st SRI/TPMI fields are associated with 2nd SRS resource set
2nd SRI/TPMI fields are associated with 1st SRS resource set



Proposal 3: Support the following interpretation of SRS resource set indicator field for Rel-18 STxMP PUSCH SDM.
· Codepoint 00: 
· 1st SRI/TPMI fields are associated with 1st SRS resource set
· 2nd SRI/TPMI fields are reserved
· Codepoint 01:
· 1st SRI/TPMI fields are reserved
· 2nd SRI/TPMI fields are associated with 2nd SRS resource set
· Codepoint 10: 
· 1st SRI/TPMI fields are associated with 1st SRS resource set
· 2nd SRI/TPMI fields are associated with 2nd SRS resource set
· Codepoint 11:
· 1st SRI/TPMI fields are associated with 2nd SRS resource set
· 2nd SRI/TPMI fields are associated with 1st SRS resource set

Previous discussions have shown that maxRank configuration is an issue when switching between sTRP and SDM. The maximum number of layers of PUSCHs associated with one SRS resource set in the existing maxRank specification. Assuming the above SRS resource set indicator configuration in Proposal 3, the sTRP transmission would use one resource set. Therefore, a maxRank should be set for each Resource set (maxRank#0, maxRank#1), and the SDM scheme should transmit based on this total Rank (maxRank#0 + maxRank#1).
Proposal 4: Support configuring maxRank associated with 1st SRS resource set and 2nd SRS resource set respectively (e.g. maxRank#0, maxRank#1).
Proposal 5: For SDM scheme, maxRank should be determined by sum of maxRank#0 and maxRank#1.

1.2. Power control for STxMP 
STxMP is considered for transmission to multiple TRPs simultaneously. For example, if each panel transmits based on conventional PCMAX, at any given moment the regulated transmission power may be exceeded. Thus, it is necessary to specify the appropriate power control for each transmission occasion. In addition, the dynamic switching between sTRP and SDM requires to obtain information for power control per panels. Therefore, for proper power control, at least per-panel open-loop and closed-loop power control and power limits for multi-panel PUSCH transmission and panel-specific PHR reporting should be considered. 
Proposal 6: We should discuss the following at least to support proper power control for STxMP.
· Power limits for multi-panel transmission
· Per-panel open/closed-loop power control 
· Panel-specific PHR reporting
If PCMAX,1 and PCMAX,2 are maximum transmit power for panel#1 and panel#2 respectively, two cases can be assumed under the assumption that sum of PCMAX,1 and PCMAX,2 is less than PCMAX. Case 1: PCMAX,1 = PCMAX,2 = PCMAX/2, and Case 2: PCMAX,1 ≠ PCMAX,2. In case 2, PCMAX,1 and PCMAX,1 would be changed according to MAC CE or RRC parameters. Case 1 is a simple way and Case 2 have more flexibility, therefore we should support case 1 as a default function and case 2 based on UE capabililty.
Proposal 7: Support the power limitation for multi-panel transmission as follows.
· (Default): PCMAX,1 = PCMAX,2 = PCMAX/2
· (Capability): PCMAX,1 ≠ PCMAX,2, (PCMAX,1 + PCMAX,2  PCMAX)

Conclusion
In this contribution, we have the following proposal:
Proposal 1: The second TPMI field should indicate L2 independently to L1.
Proposal 2: Support the Option 2 for indication of L1 and L2 layers in SDM scheme.
Proposal 3: Support the following interpretation of SRS resource set indicator field for Rel-18 STxMP PUSCH SDM.
· Codepoint 00: 
· 1st SRI/TPMI fields are associated with 1st SRS resource set
· 2nd SRI/TPMI fields are reserved
· Codepoint 01:
· 1st SRI/TPMI fields are reserved
· 2nd SRI/TPMI fields are associated with 2nd SRS resource set
· Codepoint 10: 
· 1st SRI/TPMI fields are associated with 1st SRS resource set
· 2nd SRI/TPMI fields are associated with 2nd SRS resource set
· Codepoint 11:
· 1st SRI/TPMI fields are associated with 2nd SRS resource set
· 2nd SRI/TPMI fields are associated with 1st SRS resource set
Proposal 4: Support configuring maxRank associated with 1st SRS resource set and 2nd SRS resource set respectively (e.g. maxRank#0, maxRank#1).
Proposal 5: For SDM scheme, maxRank should be determined by sum of maxRank#0 and maxRank#1.
Proposal 6: We should discuss the following at least to support proper power control for STxMP.
· Power limits for multi-panel transmission
· Per-panel open/closed-loop power control 
· Panel-specific PHR reporting
Proposal 7: Support the power limitation for multi-panel transmission as follows.
· (Default): PCMAX,1 = PCMAX,2 = PCMAX/2
· (Capability): PCMAX,1 ≠ PCMAX,2, (PCMAX,1 + PCMAX,2  PCMAX)
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