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Introduction
In this contribution, we discuss UL precoding indication for multi-panel transmission based on S-DCI mTRP PUSCH framework and based on M-DCI mTRP PUSCH framework, separately. Specifically, we discuss how to reuse S-DCI/M-DCI based mTRP PUSCH framework to schedule STxMP PUSCH, the limitation of the legacy framework, and potential candidates of STxMP transmission scheme.
Discussion
STxMP based on S-DCI mTRP PUSCH framework
In Rel-17, S-DCI based mTRP PUSCH repetition is introduced. In order to support this feature, many scheduling fields and parameters such as SRI, TPMI, TPC, PTRS, SRS resource set, and PUSCH power control parameters are extended in TRP specific manner and SRS resource set indicator field is also introduced. Even though STxMP and mTRP PUSCH repetition are different transmission schemes, the precoder indication mechanism designed for mTRP PUSCH can be a starting point for STxMP precoder indication because two features have similarity from signaling perspective. Therefore, these fields and parameters for mTRP PUSCH repetition can be reused or slightly modified to support STxMP without starting from the scratch. 
Observation 1: Many scheduling fields and parameters to support Rel-17 mTRP PUSCH repetition such as 2 SRI fields, 2 TPMI fields, 2 TPC fields, 2 PTRS fields, 2 SRS resource sets, 2 PUSCH power control parameters, and SRS resource set indicator field can be reused or slightly modified to support STxMP. 
SRS resource set indicator field also can be reused for STxMP transmission. In case of 00/01, single panel is used for UL transmission and panel selection can be done with 00 or 01. In case of 10/11, STxMP transmission is applied and those two codepoints can be used for different purpose. For example, it can be used for dynamic switching STxMP schemes for eMBB (10) and for URLLC (11). Furthermore, if repetition number is indicated as N>1 with 11, URLLC STxMP transmission is repeated N times for N transmission occasions. As a result, PUSCH reliability can be further enhanced. On the other hand, if repetition number is indicated as N>1 with 10, motivation to support eMBB STxMP (i.e., SDM STxMP) + TDM repetition is not clear. Therefore, Rel-17 MTRP TDM repetition can be applied in this case.
Proposal 1: Reuse SRS resource set indicator field for panel selection transmission (00/01) and for STxMP transmission scheme switching (10/11).
Proposal 2: Support to configure SFN STxMP and time domain repetition at the same time for further PUSCH reliability enhancement.
Proposal 3: Support dynamic switching between SDM/SFN STxMP scheme and Rel-17 TDM repetition based on repetition number.
Legacy DMRS field can be reused for SDM STxMP but DMRS ports should be grouped for different panels. Specifically, total rank is determined by the sum of RI for 1st SRI/TPMI (e.g. RI1) and RI for 2nd SRI/TPMI (e.g. RI2) and DMRS ports are indicated based on the total rank. Then, DMRS ports for each panel can be grouped in a following simple way. First RI1 DMRS ports among indicated DMRS ports are allocated for 1st SRI/TPMI and rest of them are for 2nd SRI/TPMI.
Proposal 4: For SDM STxMP, a single DMRS port indication field is reused and first RI1 DMRS ports among indicated DMRS ports are allocated for 1st SRI/TPMI and rest of them are for 2nd SRI/TPMI.
Another remaining issue for SDM STxMP is about maxRank parameter. Three alternatives were discussed in the last meeting: reuse legacy maxRank, introduce separate maxRank for STxMP, or introduce separate maxRank per panel. In our view, it is desirable to introduce two separate maxRank for flexible implementation of two panels, respectively, e.g. considering multi-panel vehicle where one panel is in the front bumper of the vehicle and another panel is on the loop. The first panel, due to the limitation of smaller space, may support smaller maxRank than the second panel, where the same scenario was considered in Rel-17 multi-beam enhancement. In addition, considering dynamic switching between single panel transmission and STxMP transmission, TPMI/SRI field size is determined based on legacy maxRank which is equal to or larger than the panel specific maxRank.
Proposal 5: Support separate maxRank configuration for each panel.
In the last meeting, the following agreement was made for SDM STxMP:
Agreement
For SDM scheme of single-DCI based STxMP PUSCH 
· Configure two SRS resource sets for CB or NCB . 
· FFS : These two SRS resource sets can have different number of SRS resources for codebook -based or non-codebook based.
· For codebook -based PUSCH , DCI indicates two TPMI fields, and each TPMI field separately indicates the precoding information and the number of layers conveyed over the SRS ports of the indicated SRS resource in each SRS resource set. 
· For non-codebook based PUSCH and codebook -based PUSCH , DCI indicates two SRI fields and each field indicates SRS resource(s)  for each SRS resource set separately. 
· FFS : For codebook -based PUSCH , the two SRS resources indicated by the two SRI fields can have different number of SRS ports

The common signaling framework can be simply used for both SDM STxMP and SFN STxMP. Specifically, two SRS resource sets, two SRI fields and two TPMI fields can be used for the two panels regardless of SFN or SDM STxMP transmission. Regarding FFS, different number of SRS resources for the two SRS resource sets should be supported. For UE that does not support Rel-17 unified beam indication, e.g. FR1 UE with single analog beam as LTE UE, multiple SRS resource configuration for CB PUSCH should be possible for beam selection functionality in digital domain, i.e. beamforming with baseband processing. This beam selection functionality based on SRS resource selection can be enabled or disabled per panel so that different number of resources for the two SRS resource sets should be supported. Also, the two SRS resources indicated by the two SRI fields can have different number of SRS ports. Legacy Rel-17 UE already supports different number of SRS ports per panel with related UE capability, i.e., 23-1-4, and enhanced beam reporting with the UE capability value index. 
Proposal 6: For SFN STxMP, support two SRS resource sets, two SRI fields and two TPMI fields.
Proposal 7: For SFN/SDM STxMP, support different number of SRS resources for the two SRS resource sets.
Proposal 8: For SFN/SDM STxMP, the two SRS resources indicated by the two SRI fields can have different number of SRS ports.
In the last meeting, several transmission scheme for PUCCH STxMP were shortly discussed. For reliability enhancement for PUSCH and PUCCH, it is desirable to introduce a common scheme considering specification work and implementation burden so SFN STxMP can be supported for both PUSCH and PUCCH. In our view, FDM A for PUCCH does not provide sufficient reliability in blockage scenario and FDM A/B is not appropriate for several PUCCH formats with a single RB restriction. On the other hand, SFN STxMP can be applied for all PUCCH format and the simplest among the candidate schemes since the same PUCCH resource (with the same F/T/Code) is transmitted from both panels. Given that PUSCH SFN STxMP is already supported and UCI reliability is more critical than data reliability, PUCCH SFN STxMP should be supported.  
Proposal 9: For PUCCH, support SFN STxMP scheme for reliability enhancement.
In the last meeting, frequency and time overlapping types are shortly discussed. The overlapping types are determined depending on STxMP schemes as follows:
· SDM STxMP and SFN STxMP: fully overlapped in time and frequency
· FDM STxMP: fully overlapped in time and non-overlapped in frequency
Since those STxMP schemes guarantee fully overlapped PUSCH in time, symbol level power control is not needed. However, different power control for different panel should be supported due to different pathloss and the total transmission power from two panels can be over Pc_max. Therefore, further study is needed on how to reduce per panel transmission power to satisfy maximum total power constraints.
Proposal 10: Study how to reduce per panel transmission power to satisfy maximum total power constraints for time domain fully overlapped PUSCH.
STxMP based on M-DCI mTRP PUSCH framework
In Rel-16, M-DCI based mTRP PUSCH transmission is introduced. Specifically, each TRP independently schedules its own PUSCH in different symbol with DCI associated with its CORESET pool index. Since gNB should avoid time domain overlapping between different TRP’s PUSCH/PUCCH, different TRP’s UL channels are transmitted in TDM manner. Even if multiple TRPs use separate DCI, the same UL scheduling parameters are shared such as SRS resource set, PUSCH power control parameters and codebook configuration without TRP specific extension. As a result, it has a limitation on TRP specific scheduling flexibility.
For STxMP transmission, M-DCI mTRP PUSCH framework also can be reused or slightly modified. For example, one DCI associated with CORESET pool index 0 can be used to schedule PUSCH transmission for panel 0 and another DCI associated with CORESET pool index 1 can be used to schedule PUSCH transmission for panel 1. 
Observation 2: M-DCI mTRP PUSCH framework, in which DCI can be separated based on associated CORESET pool index, can be reused or slightly modified to support STxMP. 
Even though different TPMI can be indicated for different panel by using separate DCI, different codebook configuration, such as max rank, codebook subset restriction, full power mode and so on, cannot be applied for different panel according to Rel-16 M-DCI based mTRP PUSCH framework since CORESET pools share the same PUSCH-Config IE. However, in practice, two panels can be implemented with different antenna configuration, antenna coherency characteristic and PA combination. Taking this panel specific implementation into account, separate codebook configuration should be supported for multi-panel.
Specifically, separate codebook subset restriction per panel is useful in the following configuration. For 3 panel UE, an SRS resource (with ID=0) in the first SRS resource set may correspond to 1st panel (4 ports) and an SRS resource (with ID=1) in the second SRS resource set may correspond to 2nd and 3rd panels (each with 2 ports). In that case, full coherent codebook is configured for SRS resource 0 and partially coherent codebook is configured for SRS resource 1.
Also, separate configuration for full power mode is useful given that antenna virtualization to achieve full power transmission can be different per panel and PA combination can be different per panel as well. 
In addition, it is desirable to introduce two separate maxRank for two panels, respectively, considering multi-panel vehicle where one panel is in the front bumper of the vehicle and another panel is on the loop. The first panel, due to the limitation of smaller space, may support smaller maxRank than the second panel. Furthermore, in M-DCI based operation, each scheduler schedules different PUSCH independently due to non-ideal backhaul so that common maxRank restriction would make NW implementation complicated.
Proposal 11: Support separate max rank, codebook subset restriction, and full power mode for different Tx panels.
In case of type 1 CG-PUSCH, the association with CORESET pool index is needed so that type 1 CG PUSCH and another PUSCH with different pool index are simultaneously transmitted but those with the same pool index are not.
Proposal 12: Support CORESET pool index configuration for type 1 CG-PUSCH.
Conclusion
In this contribution, we discuss we discuss UL precoding indication for multi-panel transmission based on S-DCI mTRP PUSCH framework and based on M-DCI mTRP PUSCH framework, separately, and propose the followings:

STxMP based on S-DCI mTRP PUSCH framework: 
[bookmark: _GoBack]Observation 1: Many scheduling fields and parameters to support Rel-17 mTRP PUSCH repetition such as 2 SRI fields, 2 TPMI fields, 2 TPC fields, 2 PTRS fields, 2 SRS resource sets, 2 PUSCH power control parameters, and SRS resource set indicator field can be reused or slightly modified to support STxMP. 
Proposal 1: Reuse SRS resource set indicator field for panel selection transmission (00/01) and for STxMP transmission scheme switching (10/11).
Proposal 2: Support to configure SFN STxMP and time domain repetition at the same time for further PUSCH reliability enhancement.
Proposal 3: Support dynamic switching between SDM/SFN STxMP scheme and Rel-17 TDM repetition based on repetition number.
Proposal 4: For SDM STxMP, a single DMRS port indication field is reused and first RI1 DMRS ports among indicated DMRS ports are allocated for 1st SRI/TPMI and rest of them are for 2nd SRI/TPMI.
Proposal 5: Support separate maxRank configuration for each panel.
Proposal 6: For SFN STxMP, support two SRS resource sets, two SRI fields and two TPMI fields.
Proposal 7: For SFN/SDM STxMP, support different number of SRS resources for the two SRS resource sets.
Proposal 8: For SFN/SDM STxMP, the two SRS resources indicated by the two SRI fields can have different number of SRS ports.
Proposal 9: For PUCCH, support SFN STxMP scheme for reliability enhancement.
Proposal 10: Study how to reduce per panel transmission power to satisfy maximum total power constraints for time domain fully overlapped PUSCH.

STxMP based on M-DCI mTRP PUSCH framework: 
Observation 2: M-DCI mTRP PUSCH framework, in which DCI can be separated based on associated CORESET pool index, can be reused or slightly modified to support STxMP. 
Proposal 11: Support separate max rank, codebook subset restriction, and full power mode for different Tx panels.
Proposal 12: Support CORESET pool index configuration for type 1 CG-PUSCH.
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