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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we provide our views on the remaining issues for UL precoding indication mechanism for multi-panel transmission, especially on the full power operation for STxMP operation.
Discussion
Full power operation for STxMP operation 
Different coherent capabilities are defined in Rel-15 for UEs with more than one antenna port. Typically, a UE may be equipped with 4 panels point to 4 different directions. And two out of them may be used for STxMP UL transmission. In theory, each panel can have independent coherency capability. However, a same coherency capability is expected for the selected panels used for STxMP UL transmission to reduce the spec impact. On the other hand, a same coherency capability for all the panels may reduce the UE device cost as well. Correspondingly, a same codebook subset, i.e., legacy codebookSubset, can be applied for both panels 
[bookmark: _Toc141778038][bookmark: _Toc142483587]The panels used for STxMP UL transmission have the same coherency capability and the configured codebooksubset applies to both panels. There is no need to introduce additional codebooksubset and full power mode for each panel.

Basically, at least with the symmetric STxMP transmission, a same full power mode is expected to be configured for both panels. In other words, legacy full power configuration by higher layer parameter ul-FullPowerTransmission in PUSCH-Config applies to both SRS resource sets for codebook. For example, a UE is configured with RRC parameter ul-FullPowerTransmission in PUSCH-Config is set to fullpower, the UE shall fix the power control scale factor s=1 for the PUSCH transmitted by both SRS resource sets.
[bookmark: _Toc141778039][bookmark: _Toc142483588]At least for S-DCI based STxMP SDM and SFN PUSCH, a same full power mode is applied to both panels used or STxMP PUSCH transmission.

Typically, S-DCI based STxMP UL transmission are deployed in multi-TRP scenario with ideal backhaul, where each panel targets a TRP with a UL beam. In Rel-18, only STxMP SDM and SFN PUSCH transmission are supported in S-DCI MTRP scenario. For STxMP SDM PUSCH, different layers of a same PUSCH in a codeword are transmitted by different panels. For this case, both panels are expected to be configured/indicated with full power or non-full power operation at the same time to ensure a balance performance of different panel-TRP links for the single CW decoding. 
STxMP SFN PUSCH transmission is usually configured for scenarios with limited coverage performance, for example the high speed train scenario. In this mode, a same PUSCH is transmitted to multiple TRPs from multiple panels with repetition. If the PUSCH transmitted by a panel is with full power, the repeated PUSCH by another panel should also be transmitted with full power to ensure the performance. 
For full power mode 1 and full power mode 2, specific precoders are reserved for full power transmission. For full power mode 1, one additional fully coherent precoder can be indicated for a 2-ports non-coherent UE for full power transmission. And one additional fully coherent precoder and one additional partial coherent precoder can be indicated for a partial coherent UE or a non-coherent UE for full power transmission. When STxMP SDM or SFN PUSCH is scheduled, if one of the TPMI fields indicates a full power TPMI, the other TPMI field should indicate a full power TPMI as well.
[bookmark: _Toc141778040][bookmark: _Toc142483589]When full power mode 1 is configured for a UE and when STxMP SDM or SFN PUSCH is scheduled, if one of the TPMI fields indicates a full power TPMI, the other TPMI field should indicate a full power TPMI as well.

For full power mode 2, a UE can report a TPMI group for full power transmission with fix s=1. Basically, the reported TPMI group applied to both SRS resource sets. It means that if any one of the TPMI within the TPMI group is indicated for any one of the SRS resource sets, the UE shall fixed s=1 for the power control for the corresponding PUSCH or PUSCH layer transmission. Further, similar with full power mode 1, when STxMP SDM or SFN PUSCH is scheduled, if one of the TPMI fields indicates a full power TPMI, the other TPMI field should indicate a full power TPMI as well.
[bookmark: _Toc141778041][bookmark: _Toc142483590]When full power mode 2 is configured for a UE and when STxMP SDM or SFN PUSCH is scheduled, if one of the TPMI fields indicates a full power TPMI form the UE reported full power TPMI group, the other TPMI field should indicate a full power TPMI form the UE reported full power TPMI group as well.

Antenna port virtualization can also be used for full power operation for full power mode 2 according to UE capability report. For example, if a UE report a capability p1-2-4 for SRS resource configuration, the UE can be configured with two SRS resource sets where each set comprises at least one SRS resource with single port, one SRS resource with two ports and one SRS resource with four ports. However, the indicated two SRS resources for STxMP SDM or SFN PUSCH transmission should have a same number of SRS ports.
[bookmark: _Toc141778042][bookmark: _Toc142483591]The reported capability on ul-FullPwrMode2-SRSConfig-diffNumSRSPorts applied to both SRS resource sets configuration for codebook. 
[bookmark: _Toc141778043][bookmark: _Toc142483592]The indicated two SRS resources for STxMP SDM or SFN PUSCH transmission should have a same number of SRS ports when the SRS resources in each SRS resource set have different number of SRS ports.

Different from S-DCI based STxMP PUSCH, for M-DCI based STxMP PUSCH, different TRP may send separate DCIs to schedule fully or partial or non-overlapped PUSCHs from different panels in a slot. In other words, the PUSCHs transmitted by different panels are independently decoded by different TRPs. In this mode, different full power operation may be configured/indicated for different panels even PUSCH+PUSCH are scheduled.
[bookmark: OLE_LINK7]The gNB can configure full power mode 0 or 1 or 2 for each of the two or more SRS resource sets for codebook. For example, if the gNB only configure full power mode 0 for the first SRS resource set for codebook. The UE fixes s=1 for the PUSCH transmission corresponding to the first SRS resource set while applies 𝑠 which is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports of the SRS resources in the second SRS resource set for the PUSCH transmission corresponding to the second SRS resource set.
When full power mode 1 is configured for both SRS resource sets, any one of the allowed TPMI can be indicated for each of the PUSCH transmission even two PUSCHs are overlapped in the time domain.
When full power mode 2 is configured for both SRS resource sets, any TPMI combination for PUSCH+PUSCH transmission is allowed. For the case that two SRS resource sets containing SRS resources with different number of SRS ports, the indicated SRS resources for PUSCH + PUSCH transmission may have different number of SRS ports.
[bookmark: _Toc141778044][bookmark: _Toc142483593]For M-DCI based STxMP PUSCH, separate full power mode can be configured for each of the SRS resource set for codebook.	Comment by Chenxi CX1 Zhu: Agree. I think the # of SRS ports for indicated SRS for mDCI can be different too. (related to proposal 6).
PTRS issues for STxMP
In Rel-17, PTRS power boosting (i.e., PUSCH to PT-RS power ratio per layer per RE ) is determined based on the number of all the PUSCH layers, the coherent type of the indicated precoders and the number of PTRS port scheduled for the corresponding to the scheduled PUSCH and a same  is applied to both PTRS ports. For single-DCI based STxMP PUSCH SDM scheme, two TPMI and SRI fields are included in the scheduling DCI for indicating the precoding information and number of layer and SRS resource(s) for PUSCH transmission from different panels. RAN1 has agreed that each panel shall share a PTRS port. For example, PTRS port 0 is shared by the PUSCH layers associated with the first panel and PTRS port 1 is shared by the PUSCH layers associated with the second panel. Correspondingly, the PTRS power boosting of PTRS port for different panels may be different since the power boosting for a PTRS port can only be performed within the PUSCH layers transmitted by a same panel. Therefore, PTRS power boosting for each of the PTRS port for STxMP SDM scheme should be determined per panel. For example, the  should be determined by the PUSCH layers, the coherent type of the indicated precoders associated with a same panel.
Power boosting factor  for a PTRS port associated with panel in STxMP SDM PUSCH should be be determied by the PUSCH layers, the coherent type of the indicated precoders associated with a same panel.
Number of PTRS port for multi-DCI based STxMP PUSCH+PUSCH
The following agreement was achieved in RAN1#114:
	Agreement
The maximum number of PTRS port in a PUSCH of multi-DCI based STxMP PUSCH+PUSCH is restricted to 1.


We understand that the intension of this agreement is to ensure the actual number of PTRS port from both panels equal to or be less than 2. With this agreement, it is not clear ‘the maximum number of PTRS port’ is the maximum number of configured PTRS port by RRC or the maximum number of actual PTRS port. For example, when non-overlapped PUSCHs are scheduled, the number of PTRS ports associated with each PUSCH can be 1 or 2. Therefore, a clarification is at least needed on this issue.
However, whether is not clear. We think it should be the maximum number of actual PTRS port since when the PUSCH associated with different CORESETPoolIndex are not overlapped in time domain, each of the PUSCH transmission can be seen as a single panel PUSCH transmission and the number of  PTRS port can be up to two as in Rel-17. Therefore 
Clarify the maximum number of PTRS port of a PUSCH in M-DCI based STxMP PUSCH+PUSCH is the maximum number of configured PTRS port or the maximum number of actual PTRS port.

Enhancement on beam report to support STxMP 
[bookmark: _Toc134731061][bookmark: _Toc134731136][bookmark: _Toc134731164][bookmark: _Toc134797496]To support STxMP PUSCH transmission, the following agreement was agreed in RAN1#113 to enable the UE to report one or more pairs of UL beams for STxMP PUSCH transmission:
	Agreement
To enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission, support the system to configure the UE to report one of the followings:
· Alt1: For 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: For 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.
· Supporting Alt1 and/or Alt2 is subject to UE capability




In Rel-17, the UE can report a Capability Index along with the CRI/SSRI in a beam report to facilitiate UE-initiated panel activation and selection, where each UE Capability index comprise the max supported number of SRS ports and any two capability values are different. In Rel-18, it has concluded that the two panels used for STxMP PUSCH transmission should have a same number of antenna ports. When a UE is configured with a group based beam report to report a one or more pairs of beams for STxMP PUSCH transmission, a same Capability index, if configured, should be reported for each pair of CRIs or SSBRIs.
[bookmark: _Toc141778045][bookmark: _Toc142483594]When a UE is configured with a group based beam report to  report a one or more pairs of beams for STxMP PUSCH transmission, a same Capability index(if configured), should be reported for each pair of CRIs or SSBRIs.

Conclusion
In this contribution, we provide the following proposals:
Proposal 1	The panels used for STxMP UL transmission have the same coherency capability and the configured codebooksubset applies to both panels.
Proposal 2	At least for S-DCI based STxMP SDM and SFN PUSCH, a same full power mode is applied to both panels used or STxMP PUSCH transmission.
Proposal 3	When full power mode 1 is configured for a UE and when STxMP SDM or SFN PUSCH is scheduled, if one of the TPMI fields indicates a full power TPMI, the other TPMI field should indicate a full power TPMI as well.
Proposal 4	When full power mode 2 is configured for a UE and when STxMP SDM or SFN PUSCH is scheduled, if one of the TPMI fields indicates a full power TPMI form the UE reported full power TPMI group, the other TPMI field should indicate a full power TPMI form the UE reported full power TPMI group as well.
Proposal 5	The reported capability on ul-FullPwrMode2-SRSConfig-diffNumSRSPorts applied to both SRS resource sets configuration for codebook.
Proposal 6	The indicated two SRS resources for STxMP SDM or SFN PUSCH transmission should have a same number of SRS ports when the SRS resources in each SRS resource set have different number of SRS ports.
Proposal 7	For M-DCI based STxMP PUSCH, separate full power mode can be configured for each of the SRS resource set for codebook.
Proposal 8	Power boosting factor  for a PTRS port associated with panel in STxMP SDM PUSCH should be be determied by the PUSCH layers, the coherent type of the indicated precoders associated with a same panel.
Proposal 9	Clarify the maximum number of PTRS port of a PUSCH in M-DCI based STxMP PUSCH+PUSCH is the maximum number of configured PTRS port or the maximum number of actual PTRS port.
Proposal 10	When a UE is configured with a group based beam report to  report a one or more pairs of beams for STxMP PUSCH transmission, a same Capability index(if configured), should be reported for each pair of CRIs or SSBRIs.
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