[bookmark: OLE_LINK3]3GPP TSG RAN WG1 #114bis                                                          R1-2309662
Xiamen, China, October 9th – October 13th, 2023

Source:	CMCC
Title:	Remaining issues on increased number of orthogonal DMRS ports
[bookmark: Source]Agenda Item:	8.1.3.1
Document for:	Discussion and Decision
[bookmark: DocumentFor]Introduction
[bookmark: _Hlk521259925]In this contribution, we discuss the remaining issues on increased number of orthogonal DMRS ports.
Larger number of DMRS ports for MU-MIMO
2.1 Orphan RE issue
	[110bis-e] Agreement
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· The number of consecutively scheduled PRBs for PDSCH is even.
· The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· FFS: Restriction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.


The orphan RE issue has been discussed in RAN1#110bis-e meeting [1], whether Restriction on scheduling of different UEs in case of MU-MIMO is FFS. To consider the channel estimation across two PRBs, it is needed to schedule MU-MIMO UEs with even RB offset. However, this restriction could be left to gNB implementation, and this restriction has no impact on UE’s channel estimation. 
Proposal 1: For orphan UE issue, no restriction is needed on scheduling of different UEs in case of MU-MIMO.

2.2 Antenna ports field for PUSCH (rank 1-4)
In RAN1#114 meeting [2], some DMRS ports combinations for PUSCH has been left for further discussion. From our perspective, the following principles can be considered: 1) all rows have been supported for PDSCH should be supported for PUSCH; 2) the rows can bring additional layer combinations are supported to improve MU capacity; 3) the rows can improve channel estimation for large delay spread are supported. So, we have following proposals: 
Proposal 2: For the antenna ports tables for Rel.18 eType1 DMRS ports with maxLength = 2 for PUSCH in RAN1#114 agreement, at least support: 
· Rank 2:
· Support row 22 for rank 2: Compared with row 3, row 22 is useful for large delay spread, since TD-OOC2 is applied.
· Support row 27 for rank 2: Compared with row 20, row 27 is useful for large delay spread, since TD-OOC2 is applied.
· Support rows 13, 18-19, 21, 23-26, 2-29 for rank 2: These rows can bring additional layer combinations to increase MU capacity.
· Rank 3:
· Support row 9 for rank 3: Compared with row 6, row 9 is useful for large delay spread, since TD-OOC2 is applied.
· Support rows 11-14 for rank 3: Rows 11-14 are supported for PDSCH.
· Support rows 3-5, 10 for rank 3: These rows can bring additional layer combinations to increase MU capacity.
· Rank 4:
· Support row 11 for rank 4: Compared with row 8, row 11 is useful for large delay spread, since TD-OOC2 is applied.
· Support rows 13-16 for rank 4: Rows 13-16 are supported for PDSCH.
· Support rows 4, 7, 12 for rank 4: These rows can bring additional layer combinations to increase MU capacity.
Proposal 3: For the antenna ports tables for Rel.18 eType2 DMRS ports with maxLength = 1 for PUSCH in RAN1#114 agreement, at least support:
· Rank 2:
· Support row 13 for rank 2: This row can bring additional layer combinations to increase MU capacity. 
· Rank 3:
· Support rows 3-5 for rank 3: These rows can bring additional layer combinations to increase MU capacity.
· Rank 4:
· Support rows 2-3 for rank 4: These rows can bring additional layer combinations to increase MU capacity.
Proposal 4: For the antenna ports tables for Rel.18 eType2 DMRS ports with maxLength = 2 for PUSCH in RAN1#114 agreement, at least support:
· Rank 2:
· Support row 25 for rank 2: This row can bring additional layer combinations to increase MU capacity.
· Rank 3:
· Support rows 9-11, 20-29 for rank 3: Rows 9-11, 20-29 are supported for PDSCH.
· Support row 18 for rank 3: Compared with row 12, row 18 is useful for large delay spread, since TD-OOC2 is applied.
· Support rows 6-8, 19 for rank 3: These rows can bring additional layer combinations to increase MU capacity.
· Rank 4:
· Support rows 18-27 for rank 4: Rows 18-27 are supported for PDSCH.
· Support row 16 for rank 4: Compared with row 10, row 16 is useful for large delay spread, since TD-OOC2 is applied.
· Support rows 5-6, 17 for rank 4: These rows can bring additional layer combinations to increase MU capacity.
Conclusion
[bookmark: _Hlk101969833]The proposals are summarised as follows:
Proposal 1: For orphan UE issue, no restriction is needed on scheduling of different UEs in case of MU-MIMO.
Proposal 2: For the antenna ports tables for Rel.18 eType1 DMRS ports with maxLength = 2 for PUSCH in RAN1#114 agreement, at least support:
· Rank 2:
· Support row 22 for rank 2: Compared with row 3, row 22 is useful for large delay spread, since TD-OOC2 is applied.
· Support row 27 for rank 2: Compared with row 20, row 27 is useful for large delay spread, since TD-OOC2 is applied.
· Support rows 13, 18-19, 21, 23-26, 2-29 for rank 2: These rows can bring additional layer combinations to increase MU capacity.
· Rank 3:
· Support row 9 for rank 3: Compared with row 6, row 9 is useful for large delay spread, since TD-OOC2 is applied.
· Support rows 11-14 for rank 3: Rows 11-14 are supported for PDSCH.
· Support rows 3-5, 10 for rank 3: These rows can bring additional layer combinations to increase MU capacity.
· Rank 4:
· Support row 11 for rank 4: Compared with row 8, row 11 is useful for large delay spread, since TD-OOC2 is applied.
· Support rows 13-16 for rank 4: Rows 13-16 are supported for PDSCH.
· Support rows 4, 7, 12 for rank 4: These rows can bring additional layer combinations to increase MU capacity.
Proposal 3: For the antenna ports tables for Rel.18 eType2 DMRS ports with maxLength = 1 for PUSCH in RAN1#114 agreement, at least support:
· Rank 2:
· Support row 13 for rank 2: This row can bring additional layer combinations to increase MU capacity. 
· Rank 3:
· Support rows 3-5 for rank 3: These rows can bring additional layer combinations to increase MU capacity.
· Rank 4:
· Support rows 2-3 for rank 4: These rows can bring additional layer combinations to increase MU capacity.
Proposal 4: For the antenna ports tables for Rel.18 eType2 DMRS ports with maxLength = 2 for PUSCH in RAN1#114 agreement, at least support:
· Rank 2:
· Support row 25 for rank 2: This row can bring additional layer combinations to increase MU capacity.
· Rank 3:
· Support rows 9-11, 20-29 for rank 3: Rows 9-11, 20-29 are supported for PDSCH.
· Support row 18 for rank 3: Compared with row 12, row 18 is useful for large delay spread, since TD-OOC2 is applied.
· Support rows 6-8, 19 for rank 3: These rows can bring additional layer combinations to increase MU capacity.
· Rank 4:
· Support rows 18-27 for rank 4: Rows 18-27 are supported for PDSCH.
· Support row 16 for rank 4: Compared with row 10, row 16 is useful for large delay spread, since TD-OOC2 is applied.
· Support rows 5-6, 17 for rank 4: These rows can bring additional layer combinations to increase MU capacity.
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