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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
The following working assumption was made in RAN1#112 meeting.
Working Assumption
For dynamic switching between STxMP SDM scheme and sTRP transmission, support the following:
· For sTRP transmission: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) as in current spec (i.e., Option 1)
· For SDM scheme: configure one single maximal number of layers (separate from maxRank (or Lmax) for sTRP) that is applied to the first SRS resource set and the second SRS resource set, separately (i.e., Alt1)
· FFS: Whether/How to enable that the total number of used PUSCH antenna ports for the SDM and sTRP is the same. 
· Note: This corresponds to the case that digital ports are shared between the panels
· Note: RAN1 supports both implementations that digital ports are shared or separate among panels
In the working assumption, whether and how to support UE implementation that digital ports are shared among panels is FFS. In order to support such UE implementation, one approach is to use partial/non-coherent TPMI for SDM and full/partial/non-coherent TPMI for STRP transmission. In this approach, rank 1 4pt TPMI 0-11 or rank 2 4pt TPMI 0-5, which have at most two non-zero element, can be indicated for SDM with 4 shared digital ports. However, in this case, rank 2 digital beamforming gain is very limited because rank 2 TPMI 0-5 are just port selection PMI. One way to overcome this limitation is to use rank 2 full coherent TPMI for SDM as well in the following way. If rank 2 full coherent TPMI is indicated by DCI, UE applies zero value for certain two rows of indicated precoding matrix. For example, if rank 2 TPMI=14 or 15 is indicated, UE applies zero value for 2nd and 4th rows and keep the indicated value for 1st and 3rd rows of precoding matrix. Similarly, if rank 2 TPMI=16 or 17 is indicated, UE applies zero value for 1st and 3rd rows and keep the indicated value for 2nd and 4th rows of precoding matrix. With this approach, gNB can indicate more rank 2 PMIs which increases potential digital beamforming gain and, at the same time, each panel uses only half of the shared digital ports.
Table 1. legacy 4 ports TPMI for rank 1 and rank 2
[image: ][image: ]
Observation 1: In order to support SDM with UE implementation that digital ports are shared among panels, partial/non-coherent TPMI can be indicated but, in case of 4 ports rank 2 codebook, precoding gain is limited because only port selection PMIs, i.e., 0-5, are available.
Proposal 1: In order to address the issue in Observation 1, rank 2 full coherent TPMI can be indicated as well for SDM and UE applies zero value for certain two rows of full coherent precoding matrix to use 2 digital ports per panel.
Another approach to support the port shared panel is to use different SRS resources with different number of ports. For example, if 4 digital ports are shared among panels, then 4 port SRS resource and 2 port SRS resource are indicated for STRP and for SDM, respectively. In this case, 2 digital ports are virtualized with 2 ports SRS resource in SRS resource set 0 and another 2 digital ports are virtualized with 2 ports SRS resource in SRS resource set 1. To this end, SRS resources with different number of port should be configured in a SRS resource set. 
Regarding TPMI field size determination for SDM, 1st TPMI field size is determined based on maxRank for 1st panel and 2nd TPMI field size is determined based on maxRank for 2nd panel. On the other hand, for STRP transmission, TPMI field size (i.e., X bits) is determined based on legacy maxRank and the TPMI field is first X MSB bits of the concatenation of the 1st TPMI field and the 2nd TPMI field for SDM. Since maximum number of layer for STRP is equal to or smaller than maximum number of layer for SDM, sum of 1st field size and 2nd field size is sufficient to indicate TRI/TPMI for STRP transmission. In this way, we can save 1 or 2 DCI bits. Specifically, even if each panel has separate digital ports, when max rank per panel for SDM = 2 and max rank for STRP = 4, and full power mode 1 is configured with partial coherent codebook, TPMI per panel for SDM is 5 bits and TPMI for STRP is 6 bits so that 1 bit can be saved with this approach. If two panel have shared digital ports, there are several cases to save 2 bits with this approach. 
Proposal 2: For SDM, 1st TPMI field size is determined based on maxRank for 1st panel and 2nd TPMI field size is determined based on maxRank for 2nd panel.
Proposal 3: For STRP transmission, TPMI field size (i.e., X bits) is determined based on legacy maxRank, and the TPMI field is first X MSB bits of the concatenation of the 1st TPMI field and the 2nd TPMI field for SDM.
Also, different number of SRS resources for the two SRS resource sets should be supported for CB PUSCH with full power mode 2. Different panel may have different capability for full power mode. For example, one panel does not support full power mode but another panel supports full power mode 2, then the number of SRS resource for set 0 and set 1 can be different. Different number of analog beams can also be considered for BM SRS resource sets. 
Proposal 4: For SFN/SDM STxMP with full power mode 2, support different number of SRS resources for the two SRS resource sets.
In the last meeting, the following agreement regarding beam reporting enhancement was made:
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
In legacy beam reporting, UE can report multiple preferred beams but cannot report which pair of the multiple beams can transmit simultaneously. As a result, it is possible that gNB configures a pair of UL TCIs for STxMP but UE cannot transmit those two beams simultaneously. To address this issue, beam reporting enhancement to report pair(s) of simultaneous UL transmission beams is necessary, which is analogous to legacy group based beam reporting. Since STxMP beam pair is not always received simultaneously at UE, legacy group based beam reporting and Rel-18 STxMP beam pair reporting should be able to report separately. In that sense, we support Alt 2. 
Proposal 5: For STxMP beam reporting, Support Alt 2.
STxMP based on M-DCI mTRP PUSCH framework
In legacy Rel-16 M-DCI based mTRP PUSCH, different codebook configuration, such as max rank, codebook subset restriction, full power mode and so on, cannot be applied for different panel 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 to support flexible panel implementation. For example, UE can have fully coherent 1st panel but partially coherent 2nd panel and in that case, full coherent codebook should be configured for SRS resource set 0 and partially coherent codebook should be configured for SRS resource set 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 6: Support separate max rank, codebook subset restriction, and full power mode for different Tx panels for MDCI MTRP.
In the last meeting we agreed to study enhancements of the UCI multiplexing rule to address the case that one PUCCH overlaps with two overlapped PUSCHs of STxMP PUSCH+PUSCH. To address this issue, we can separate and discuss two cases depending on whether UE has UCI multiplexing capability or not. 
If UE has multiplexing capability, legacy multiplexing rule can be fully reused for each CORESET pool, separately. In AI 9.1.1. multi-TRP enhancement, enhancement to associate pool index and PUCCH resource is going on, and after it is completed, legacy multiplexing rule can be reused for PUSCH and PUCCH associated with the same pool index. If UE does not have multiplexing capability, then gNB should avoid the collision between PUCCH and PUSCH associated with different pool index, in the same way as legacy MDCI based MTRP. In our view, introducing dropping rule between PUSCH/PUCCH associated with different pool index to handle this collision is not beneficial since each TRP with non-ideal backhaul cannot be aware of the other TRP’s dynamic scheduling so that they cannot be aware of whether collision occurs.
Proposal 7: If UE has UCI multiplexing capability, reuse legacy multiplexing rule for PUCCH and PUSCH associated with the same CORESET pool index. Otherwise, gNB should avoid the collision between PUCCH and PUSCH associated with different pool index.
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: 
Observation 1: In order to support SDM with UE implementation that digital ports are shared among panels, partial/non-coherent TPMI can be indicated but, in case of 4 ports rank 2 codebook, precoding gain is limited because only port selection PMIs, i.e., 0-5, are available.
Proposal 1: In order to address the issue in Observation 1, rank 2 full coherent TPMI can be indicated as well for SDM and UE applies zero value for certain two rows of full coherent precoding matrix to use 2 digital ports per panel.
Proposal 2: For SDM, 1st TPMI field size is determined based on maxRank for 1st panel and 2nd TPMI field size is determined based on maxRank for 2nd panel.
Proposal 3: For STRP transmission, TPMI field size (i.e., X bits) is determined based on legacy maxRank, and the TPMI field is first X MSB bits of the concatenation of the 1st TPMI field and the 2nd TPMI field for SDM.
Proposal 4: For SFN/SDM STxMP with full power mode 2, support different number of SRS resources for the two SRS resource sets.
Proposal 5: For STxMP beam reporting, Support Alt 2.
[bookmark: _GoBack]

STxMP based on M-DCI mTRP PUSCH framework: 
Proposal 6: Support separate max rank, codebook subset restriction, and full power mode for different Tx panels for MDCI MTRP.
Proposal 7: If UE has UCI multiplexing capability, reuse legacy multiplexing rule for PUCCH and PUSCH associated with the same CORESET pool index. Otherwise, gNB should avoid the collision between PUCCH and PUSCH associated with different pool index.
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