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1 Introduction
Rel-18 MIMO evolution for downlink and uplink will study and specify methods to support simultaneous multi-panel UL transmission. In the last meeting, the following conclusions/agreements have been achieved [1]. In this paper, we discuss UE panel management and UL precoding indication for multi-panel transmission.
	Agreement
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP transmission are interpreted and the SRI/TPMI fields are designed as follows:
· The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. For SRI/TPMI field design, down-select one from the following Alts:
· Alt1: The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved.
· Alt2: the DCI has only one SRI field and one TPMI field. The SRI and TPMI field are associated with the first SRS resource set if codepoint=00 or the second SRS resource set if codepoint = 01. 
· Alt3: The DCI has two SRI fields and two TPMI fields. The first SRI field and second SRI field are concatenated into one SRI field. The first TPMI field and second TPMI field are concatenated into one TPMI field. The concatenated SRI field and the concatenated TPMI field are associated with first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01.
· FFS: If the concatenated bits are not sufficient, additional bits are appended to concatenated bits in order to support this feature
· Alt4: the DCI has two SRI fields and two TPMI fields.
· When the codepoint is 00, the first SRI field and first TPMI field are associated with the first SRS resource set. The second SRI field and second TPMI field are reserved. 
· When the codepoint is 01, the second SRI field and second TPMI field are associated with the second SRS resource set. The first SRI field and first TPMI field are reserved.
· The codepoints 10 indicate SDM transmission with the first and second SRS resource set.
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the second SRS resource set.
· FFS: The codepoint 11 is reserved.

Agreement
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SFN and sTRP transmission are interpreted and the design of SRI/TPMI fields are as follows:
· The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. 
· For the design of SRI/TPMI fields, re-use the design that is decided for dynamic switching between STxMP SDM and sTRP transmission.
· The codepoint 10 indicates STxMP SFN transmission with the first and second SRS resource set. 
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the second SRS resource set and they indicate the precoder(s)/SRI for the second SRS resource set (the rank is indicated by the first SRI field for NCB or the first TPMI field for CB)
· FFS: The codepoint 11 is reserved.

Agreement
For STxMP PUSCH+PUSCH transmission in multi-DCI based system:
· The maximal number of layers of each PUSCH of PUSCH+PUSCH overlapping in time domain can be 1 or 2 subject to UE capability
Agreement
Enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission and down-select one in RAN1#113 meeting:
· Alt1: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and the reported pair of CRIs or SSBRIs can be received simultaneously.
· Alt2: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.
· Alt3: In each reported pair of CRIs or SSBRIs, UE indicates if the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and/or if the reported pair of CRIs or SSBRIs can be received simultaneously.   
· FFS: Introduce an indicator to support the above, and the number of bits and interpretation of each codepoint of the indicator

Conclusion
· RAN1 has no consensus to support the following in Rel-18:
· Configure different number of SRS resources in the two SRS resource sets for CB (if fullpowermode 2 is not configured) or NCB for single-DCI based STxMP transmission.
· For CB PUSCH, the two SRS resources indicated by two SRI fields for single-DCI based STxMP transmission can have different number of SRS ports. 
· For the two SRS resource sets configured for multi-DCI based STxMP PUSCH+PUSCH in Rel-18, 
· Legacy Rel-17 specification is reused with respect to the maximal number of SRS resources/ports in each set
FFS: whether/how to support two different configurations with regards to full power mode and antenna port coherency type among SRS resource sets.

Agreement
For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, down-select one for the UCI multiplexing:
· Option 1: the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· Option 2: the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· Option 3: 
· When joint HARQ-ACK feedback is configured, the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· When separate HARQ-ACK feedback is configured, at least when the UCI includes HARQ-ACK, the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· FFS: When the UCI does not include HARQ-ACK (CSI and/or SR), whether to follow the same behavior as above, or to follow the behavior of the case that joint HARQ-ACK feedback is configured.
· Note: Here using joint HARQ-ACK feedback and separate HARQ-ACK feedback is mainly for discussion purpose. FFS: whether to introduce a new RRC parameter to indicate that.
· FFS the impact of the following legacy restriction on the above options:  when separate HARQ feedback is configured, a PUCCH transmission triggered by DCI associated with one coresetPoolIndex cannot overlap in time with a PUSCH transmission triggered by DCI associated with another coresetPoolIndex.   
· Note: each of the above options is applied to the system when the system is configured with multi-DCI based STxMP PUSCH+PUSCH.
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2.1 UE panel capability reporting to support STxMP
UE needs to inform gNB that it is capable of simultaneous multi-panel transmission. In Rel-17, UE could provide, via UE capability reporting, its panel ‘type’ information to gNB by reporting capability value set which contains the maximum supported number of SRS antenna ports. For example, UE can report that it is equipped with one 2-port panel and one 4-port panel. Meanwhile, UE could report capability value set index along with beam report to indicate its panel ‘status’. For example, UE can report 4-port panel index along with CRI-RSRP report to let gNB be aware that 4-port panel is currently in use or to be used and is associated with reported CRI. Since no further details have been specified in Rel-17, panel management including panel switch might be heavily based on mutual understanding and implementations of gNB and UE.
Starting from what has been specified in Rel-17, two possible options can be considered to align the information between gNB and UE about whether UE could support STxMP.
· Option 1: simultaneous multi-panel can be treated as one special panel ‘type’, e.g., as one of capability value set contains the maximum supported number of SRS ports when multiple panels are involved in transmission at the same time. To be more specific, for UE with two 2-port panels, it can report capability value set 1: 2-port, capability value set 2: 4-port. 
· Option 2: simultaneous multi-panel can be treated as a combination of multiple independent panels. To be more specific, for UE with two 2-port panels, it can report capacity value set 1: 2-port and a multiplication factor 2 to indicate that two panels can be used for transmission simultaneously.
Proposal 1: Support using UE capability value set to report panel information corresponds to simultaneous multi-panel.
For panel report and beam report, Rel-17 introduced correspondence report with both capability value set index and CRI(s)/SSBRI(s) in one report, which seems more suitable than the group-based beam L1-RSRP reporting to reflect whether the UL beams corresponding to the DL RSs can be transmitted simultaneously. Enhancement on the correspondence report should be considered, for example, allowing more than one capability value set indexes in one report when the report quantity is set to 'cri-RSRP-Index' or 'ssb-Index-RSRP-Index'.
Proposal 2: Enhance Rel-17 beam reporting with capability value set index to report whether the UL beams corresponding to the DL RSs can be transmitted simultaneously.

2.2 CB/NCB based STxMP SDM PUSCH
Assuming that two SRS resource sets are configured for CB/NCB-based STxMP, it can be observed that some restrictions from previous releases might be not suitable to support simultaneous multi-panel transmissions and can be relaxed, for example, the number of SRS resources in the two SRS resource sets could be different, e.g.,  and , instead of mandating them to be the same.
Furthermore, It was discussed in the last meeting [1] on interpretations of SRI/TPMI fields, and Alt1 (quoted below) is the simpler solution to our understanding.
	Agreement
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP transmission are interpreted and the SRI/TPMI fields are designed as follows:
· The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. For SRI/TPMI field design, down-select one from the following Alts:
· Alt1: The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved.
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More specifically, using NCB-based PUSCH as an example, for DCI scheduling NCB based STxMP SDM PUSCH, the following design can be used.
· 1st SRI can be designed with a bitwidth: ; 
· 2nd SRI can be designed in a similar way: ; 
where  is single maximal number of layers (separate from Lmax for sTRP) that is applied to the first SRS resource set and the second SRS resource set respectively. When it is dynamically switched to S-TRP transmission, the corresponding SRI field may have a different bitwidth,
· SRI can be designed with a bitwidth: ; 
Where  is single maximal number of layers for sTRP, and i-th SRS resource set is as indicated by the SRS resource set indicator. In addition, zero padding may be needed to control the length of DCI for SDM and S-TRP.
Proposal 3: Support the DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if “SRS resource set indicator” codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved (i.e., Alt1). 
Assuming two-port SRS resources are configured in both SRS resource sets for CB based STxMP SDM PUSCH, and a 2+2 layer combination is used for PUSCH transmission. PUSCH port(s) associated with the first SRS resource set is the same antenna port(s) as SRS port(s) in the first SRS resource indicated, for example, 1000 and 1001, but PUSCH port(s) associated with the second SRS resource set should be antenna port(s) in the second SRS resource indicated with a port ID offset, i.e., 1002 and 1003.
Proposal 4: Support an offset for the SRS port(s) in the SRS resource in the second SRS resource set.
For NCB, the SRS port in (i+1)-th SRS resource in the SRS resource set is indexed as pi = 1000 + i, according to current spec. When STxMP is applied, and two SRS resource sets (for example, each with 2 of 1-port SRS resources for 2-port panel) are configured, the port number determination needs some update, since it may be impacted by the order of SRS source index across two SRS resource sets. For example, if SRS resources 0 and 1 are associated with SRS resource set 1, and SRS resources 2 and 3 are associated with SRS resource set 2, it is possible that 4-port PUSCH (SDM scheme) is transmitted via port 1000, 1001, 1002, 1003, which is not aligned with current spec.
To support the NCB STxMP PUSCH port determination, we can consider that PUSCH port(s) associated with the second SRS resource set is the same antenna port(s) as SRS port(s) in the SRS resource indicated, where SRS port in (j+1)-th SRS resource in the second SRS resource set is Pj = 1000 + NSRS,1 + j, where NSRS,1 is the number of resources in the first SRS resource set.
Proposal 5: For NCB STxMP SDM, PUSCH port(s) associated with the second SRS resource set is the same antenna port(s) as SRS port(s) in the SRS resource indicated, where SRS port in (j+1)-th SRS resource in the second SRS resource set is Pj = 1000 + NSRS,1 + j, and NSRS,1 is the number of resources in the first SRS resource set.
2.3 Power control for STxMP PUSCH
According to recent RAN4 LS reply [4], Both per-panel and per-UE power constraints are feasible, and both assumptions shall be applied to the same UE. 
Since per-panel power limitation (or in RAN4 LS, per-TCI power requirement) might be introduced to support STxMP, the following aspects may be impacted.
· Pcmax configuration: per panel Pcmax might be configured to control the maximum UL power per panel
· PHR calculation: two Pcmax and two PHs might be needed in PHR, one for each panel
· DMRS-PUSCH power ratio: PUSCH-to-DMRS EPRE ratio is based on the number of DM-RS CDM groups without data per panel
· PUSCH-to-PTRS power ratio: PUSCH-to-PTRS power ratio per layer per RE is based on the number of PUSCH layers assigned to one panel
While Pcmax configuration and PHR calculation may be discussed in agenda item 9.1.1.1, DMRS-PUSCH power ratio and PUSCH-to-PTRS power ratio may be more suitable to be discussed in this agenda item 9.1.4.1.
Proposal 6: For STxMP power control, support to introduce per panel PUSCH-to-DMRS EPRE ratio and PUSCH-to-PTRS power ratio per layer per RE.

2.4 Consideration of CG based PUSCH for STxMP
It was agreed to support CG+CG STxMP PUSCH and for Type 1 CG-PUSCH, one SRS_resource_set_index value is configured in ConfiguredGrantConfig and srs-ResourceIndicator/precodingAndNumberOfLayers correspond to the SRS resource set. It seems that at least two CG configurations are needed to support CG+CG STxMP. Since multiple CG configurations may be configured in one BWP of a serving cell, the association between those two CG configurations which can be transmitted simultaneously needs to be indicated to UE, if more than two CG configurations are configured. For example, a CGForSTxMPLinkID can be provided for each configured grant configurations.
Proposal 7: Support to indicate the association between two CG configurations for CG based STxMP PUSCH+PUSCH.
3 Conclusion
In this contribution, we provided our views on UL precoding indication for multi-panel transmission, and we have the following proposals:
Proposal 1: Support using UE capability value set to report panel information corresponds to simultaneous multi-panel.
Proposal 2: Enhance Rel-17 beam reporting with capability value set index to report whether the UL beams corresponding to the DL RSs can be transmitted simultaneously.
Proposal 3: Support the DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if “SRS resource set indicator” codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved (i.e., Alt1).
Proposal 4: Support an offset for the SRS port(s) in the SRS resource in the second SRS resource set.
Proposal 5: For NCB STxMP SDM, PUSCH port(s) associated with the second SRS resource set is the same antenna port(s) as SRS port(s) in the SRS resource indicated, where SRS port in (j+1)-th SRS resource in the second SRS resource set is Pj = 1000 + NSRS,1 + j, and NSRS,1 is the number of resources in the first SRS resource set.
Proposal 6: For STxMP power control, support to introduce per panel PUSCH-to-DMRS EPRE ratio and PUSCH-to-PTRS power ratio per layer per RE.
Proposal 7: Support to indicate the association between two CG configurations for CG based STxMP PUSCH+PUSCH.

4 [bookmark: _Ref344215723]References
[1] Chair's notes, RAN1#112bis-e, April 17th– 26th 2023
[2] Chair's notes, RAN1#112, February 27th – March 3rd, 2023
[3] Chair's notes, RAN1#111, November 14th – 18th, 2022
[4] R1-2302265(R4-2303494), Reply LS on UE power limitation for STxMP in FR2, Athens, Greece, Feb. 27th – Mar. 3rd, 2023
5

