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1. Introduction
[bookmark: _Hlk101945701][bookmark: _Hlk101945970]In this contribution, we discuss extension for increasing orthogonal DMRS ports for UL/DL MU-MIMO and 8 Tx UL SU-MIMO for Rel-18 MIMO. 
2. Increasing orthogonal DMRS ports
2.1 Antenna ports table for PDSCH
2.1.1 eType1 with maxLength = 1
In previous RAN1 meetings, we have made agreements for the following rows in the table for Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH for S-TRP. We discuss the remaining issue in this section.
Table 7.3.1.2.2-1-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Notes
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0
	Cat. 1
	0
	2
	0,1,2,3,8

	1
	1
	1
	
	1
	2
	0,1,2,3,8,10

	2
	1
	0,1
	
	2
	2
	0,1,2,3,8,9,10

	3
	2
	0
	
	3
	2
	0,1,2,3,8,9,10,11

	4
	2
	1
	
	[4]
	[2]
	[0,1,2,3,10]

	5
	2
	2
	
	[5]
	[2]
	[0,1,8,2,3,10]

	6
	2
	3
	
	[6]
	[2]
	[0,1,8,2,3,10,11]

	7
	2
	0,1
	
	[7]
	[2]
	[0,1,8,9,2,3,10,11]

	8
	2
	2,3
	
	[8]
	[2]
	[0,2,3,8,9]

	9
	2
	0-2
	
	[9]
	[2]
	[0,1,2,3,8,9]

	10
	2
	0-3
	
	
	
	

	11
	2
	0,2
	
	
	
	

	12
	1
	8
	Cat.2
	
	
	

	13
	1
	9
	
	
	
	

	14
	1
	8,9
	
	
	
	

	15
	2
	8
	
	
	
	

	16
	2
	9
	
	
	
	

	17
	2
	10
	
	
	
	

	18
	2
	11
	
	
	
	

	19
	2
	8,9
	
	
	
	

	20
	2
	10,11
	
	
	
	

	21
	[2]
	[8-10]
	
	
	
	

	22
	[2]
	[8-11]
	
	
	
	

	23
	[2]
	[8, 10],
[9, 11]
	
	
	
	

	24
	1
	0,1,8
	Cat.3
	
	
	

	25
	1
	0,1,8,9
	
	
	
	

	26
	2
	0,1,8
	
	
	
	

	27
	2
	0,1,8,9
	
	
	
	

	28
	2
	2,3,10
	
	
	
	

	29
	2
	2,3,10,11
	
	
	
	



For 1CW
For the row 23 of 1CW, the use-case of {8,10} is to be multiplexed with {0,2}, {1,3}, or {9,11} of another UE in the same CDM groups (e.g. 2+2 layers between 2 UEs). However, in the RAN1#112 agreement, if row 11 {0,2} is indicated, other DMRS ports are not used for another UE. Hence, there is no benefit to support the row 23 for {8,10}. The use-case of {9,11} is to be multiplexed with {0,1,8} and {2,3,10} of other UEs in the same CDM groups (i.e. 3+3+2 layers between 3 UEs). In RAN1#112bis-e, multiple companies commented that supporting {9,11} is beneficial to improve scheduling flexibility, on the other hand, some companies believed supporting {9,11} increases UE complexity. In our view, we don’t see the strong need to support {9,11}, however, if it is beneficial for some gNB vendors, we are fine to support it.
For the row 4-7 of 2CW, these DMRS combinations maps one CW to one CDM group. In previous RAN1 meetings, some UE vendors claimed the row 4-7 reduces UE complexity than row 0-3. However, other companies commented the row 0-3 are the same DMRS combinations as Rel.15, and there should be no issue. In our view, if the row 4-7 helps some UE vendors to support 2 CW, we believe it is beneficial considering that no commercial UE has been supported 2 CW so far. However, if supporting either row 0-3 or row 4-7 is fully optional, and if UE can freely report support of either row 0-3 or row 4-7, we have concern to support row 4-7 because it would introduce market fragmentation to support the same functionality (i.e. 2CW). Hence, we believe at least one set of rows for 2 CW should be a basic capability.
For 2CW
For the row 8 of 2 CW, Nokia/NSB showed performance degradation of row 0 in RAN1#112bis-e, since 3 DMRS ports {2,3,8} are multiplexed into one CDM group, and they claimed each CW should be mapped to at least one port from each CDM group. However, this mapping seems opposite direction from row 4-7, and we’d like to hear more companies’ inputs to understand whether the row is necessary or not. The motivation of the row 9 of 2 CW is the same as row 8 of 2 CW.
Proposal 2-1
· For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support the following rows as optional UE capability.
· Row 23 with {9,11} for 1 CW in RAN1#111 agreement.
· Row 4-7 for 2 CW in RAN1#112bis-e agreement.
· FFS: Row 8-9 for 2 CW in RAN1#112bis-e agreement.

2.1.2 eType1 with maxLength = 2
In RAN1#112bis-e, we made agreement for the following rows in the table for Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH for S-TRP. We discuss the remaining issue in this section.
Table 7.3.1.2.2-2-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	[0
	2
	0-4
	2]

	1
	1
	1
	1
	[1
	2
	0,1,2,3,4,6
	2]

	2
	1
	0,1
	1
	[2
	2
	0,1,2,3,4,5,6
	2]

	3
	2
	0
	1
	[3
	2
	0,1,2,3,4,5,6,7
	2]

	4
	2
	1
	1
	4
	2
	0,1,2,3,8
	1

	5
	2
	2
	1
	5
	2
	0,1,2,3,8,10
	1

	6
	2
	3
	1
	6
	2
	0,1,2,3,8,9,10
	1

	7
	2
	0,1
	1
	7
	2
	0,1,2,3,8,9,10,11
	1

	[8
	2
	2,3
	1]
	[8
	1
	0,1,4,5,8
	2]

	[9
	2
	0-2
	1]
	[9
	1
	0,1,4,5,8,12
	2]

	[10
	2
	0-3
	1]
	[10
	1
	0,1,4,5,8,9,12
	2]

	[11
	2
	0,2
	1]
	[11
	1
	0,1,4,5,8,9,12,13
	2]

	12
	2
	0
	2
	[12
	2
	0,1,4,5,8
	2]

	13
	2
	1
	2
	[13
	2
	0,1,4,5,8,12
	2]

	14
	2
	2
	2
	[14
	2
	0,1,4,5,8,9,12
	2]

	15
	2
	3
	2
	[15
	2
	0,1,4,5,8,9,12,13
	2]

	16
	2
	4
	2
	[16
	2
	2,3,6,7,10
	2]

	17
	2
	5
	2
	[17
	2
	2,3,6,7,10,14
	2]

	18
	2
	6
	2
	[18
	2
	2,3,6,7,10,11,14
	2]

	19
	2
	7
	2
	[19
	2
	2,3,6,7,10,11,14,15
	2]

	20
	2
	0,1
	2
	[20
	2
	0,1, 2,3,10
	1]

	21
	2
	2,3
	2
	[21
	2
	0,1,8,2,3,10
	1]

	22
	2
	4,5
	2
	[22
	2
	0,1,8, 2,3,10,11
	1]

	23
	2
	6,7
	2
	[23
	2
	0,1,8,9,2,3,10,11
	1]

	[24
	2
	0,4
	2]
	[24
	1
	0,1,4,5,12
	2]

	[25
	2
	2,6
	2]
	[25
	1
	0,1,8,4,5,12
	2]

	[26
	2
	0,1,4
	2]
	[26
	1
	0,1,8,4,5,12,13
	2]

	[27
	2
	2,3,6
	2]
	[27
	1
	0,1,8,9,4,5,12,13
	2]

	[28
	2
	0,1,4,5
	2]
	[28
	2
	0,1,4,5,12
	2]

	[29
	2
	2,3,6,7
	2]
	[29
	2
	0,1,8,4,5,12
	2]

	[30
	2
	0,2,4,6
	2]
	[30
	2
	0,1,8,4,5,12,13
	2]

	31
	1
	8
	1
	[31
	2
	0,1,8,9,4,5,12,13
	2]

	32
	1
	9
	1
	[32
	2
	2,3,6,7,14
	2]

	33
	1
	8,9
	1
	[33
	2
	2,3,10,6,7,14
	2]

	34
	2
	8
	1
	[34
	2
	2,3,10,6,7,14,15
	2]

	35
	2
	9
	1
	[35
	2
	2,3,10,11,6,7,14,15
	2]

	36
	2
	10
	1
	[36
	2
	0,2,3,8,9
	1]

	37
	2
	11
	1
	[37
	2
	0,1,2,3,8,9
	1]

	38
	2
	8,9
	1
	
	
	
	

	39
	2
	10,11
	1
	
	
	
	

	[40
	2
	8-10
	1]
	
	
	
	

	[41
	2
	8-11
	1]
	
	
	
	

	[42
	2
	8,10
	1]
	
	
	
	

	43
	2
	8
	2
	
	
	
	

	44
	2
	9
	2
	
	
	
	

	45
	2
	10
	2
	
	
	
	

	46
	2
	11
	2
	
	
	
	

	47
	2
	12
	2
	
	
	
	

	48
	2
	13
	2
	
	
	
	

	49
	2
	14
	2
	
	
	
	

	50
	2
	15
	2
	
	
	
	

	51
	2
	8,9
	2
	
	
	
	

	52
	2
	10,11
	2
	
	
	
	

	53
	2
	12,13
	2
	
	
	
	

	54
	2
	14,15
	2
	
	
	
	

	[55
	2
	8,12
	2]
	
	
	
	

	[56
	2
	10,14
	2]
	
	
	
	

	[57
	2
	8,9,12
	2]
	
	
	
	

	[58
	2
	10,11,14
	2]
	
	
	
	

	[59
	2
	8,9,12,13
	2]
	
	
	
	

	[60
	2
	10,11,14,15
	2]
	
	
	
	

	61
	2
	8,10,12,14
	2
	
	
	
	

	62
	1
	0,1,8
	1
	
	
	
	

	63
	1
	0,1,8,9
	1
	
	
	
	

	64
	2
	0,1,8
	1
	
	
	
	

	65
	2
	0,1,8,9
	1
	
	
	
	

	66
	2
	2,3,10
	1
	
	
	
	

	67
	2
	2,3,10,11
	1
	
	
	
	

	[69
	1
	0,1,8
	2]
	
	
	
	

	[70
	1
	0,1,8,9
	2]
	
	
	
	

	[71
	1
	4,5,12
	2]
	
	
	
	

	[72
	1
	4,5,12,13
	2]
	
	
	
	

	[73
	2
	0,1,8
	2]
	
	
	
	

	[74
	2
	0,1,8,9
	2]
	
	
	
	

	[75
	2
	4,5,12
	2]
	
	
	
	

	[76
	2
	4,5,12,13
	2]
	
	
	
	

	[77
	2
	2,3,10
	2]
	
	
	
	

	[78
	2
	2,3,10,11
	2]
	
	
	
	

	[79
	2
	6,7,14
	2]
	
	
	
	

	[80
	2
	6,7,14,15
	2]
	
	
	
	

	[81
	2
	5,8,9
	2]
	
	
	
	

	[82
	2
	7,10,11
	2]
	
	
	
	

	[83
	2
	7,12,13
	2]
	
	
	
	



For 1CW
We believe at least all rows of Cat.1 (Rel.15 DMRS ports combinations) should be supported. Since row 9-11 are agreed with the MU-MIMO restriction for Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, we should also agree row 9-11 with the MU-MIMO restriction for maxLength = 2.
For row 55-60 for 1 CW, our preference is to support these rows without MU restriction. However, in RAN1#112bis-e, some companies claimed MU restriction is necessary to support these rows, and they proposed row 69-80 without MU restriction instead. In our view, to improve MU capacity, at least either a set of row 26-30 and row 57-60 or a set of row 69-80 should be supported without MU restriction. However, if RAN1 cannot agree these rows without MU restriction, we prefer to agree row 69-80 without MU restriction. In this case, we should remove row 55-60 because there is no use-case for row 55-60, if row 24-30 has MU restriction.
For row 81-82 for 1 CW, the benefit is these rows enables MU of 3+3+2 layers. Row 81 {5,8,9} can be multiplexed with row 26 {0,1,4} and row 53 {12,13}. Row 82 {7,10,11} can be multiplexed with row 27 {2,3,6} and row 54 {14,15}. Currently, row 26-27 are with [ ], and some companies propose to add MU restriction. If row 26-27 will be agreed without MU restriction, we see row 81-82 has benefit.
Row 83 {7,12,13} for 1 CW, the benefit is to be multiplex with 2+2+3+3+4 layers, and it can be multiplexed with row 27 {2,3,6}, row 28 {0,1,4,5}, row 33 {8,9}, and row 54 {14,15}. Currently, row 27,28,33 are with [ ], and some companies propose to add MU restriction. If row 26-27 will be agreed without MU restriction, there may be benefit, but we don’t believe such optimization is required. Hence, we are fine to remove row 83.
For 2CW
For row 0-3, we don’t see any benefit to support these rows compared to the agreed row 4-7. Hence, we are fine to remove row 0-3. 
For row 20-23, if row 4-7 are supported for maxLength=1, we should support row 20-23 for maxLength=2 as well. 
For row 8-19 and row 24-35, the benefit is it can use only one CDM group for 5-8 DMRS ports. We believe these rows are beneficial to minimize DMRS overhead, and to enable efficient multiplexing with another UE in another CDM group. However, we think either row 8-19 or row 24-35 is enough. The difference between row 8-19 and row 24-35 is that row 24-35 enables one CW maps to DMRS ports with one TD-OCC index. If this is beneficial to reduce UE complexity, we are fine with selecting row 24-35 and removing row 8-19.
For row 36-37, if row 8-9 are supported for maxLength=1, row 36-37 should be also supported. If not, we should remove row 36-37.
Proposal 2-2
· For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support/remove the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data in RAN1#112bis-e agreement.
· For 1CW, 
· Support row 8-11 and row 24-30 (i.e. Cat.1) for 1 CW.
· For row 9-11 in one CW, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).
· For row 55-60, 69-80, down select from the following:
· Alt.1: If RAN1 agree row 24-30 and row 55-60 without MU restriction
· Support row 55-60 without MU restriction.
· Alt.2: Else,
· Support row 69-80 without MU restriction and remove row 55-60.
· For row 81-82:
· If RAN1 agree row 26-27 without MU restriction
· Support row 81-82 without MU restriction.
· Else,
· Remove row 81-82.
· Remove row 83.
· For 2CW, 
· Remove row 0-3.
· Support row 20-23 if row 4-7 are supported for maxLength=1. Else, remove row 20-23.
· Support row 24-35 and remove row 8-19.
· Support row 36-37 if row 8-9 are supported for maxLength=1. Else, remove row 36-37.

2.1.3 eType2 with maxLength = 1
In RAN1#112bis-e, we made agreement for the following rows in the table for Rel.18 eType2 DMRS ports with maxLength = 1 for PDSCH for S-TRP. We discuss the remaining issue in this section.
Table 7.3.1.2.2-3-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType2, maxLength=1
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0
	0
	3
	0-4

	1
	1
	1
	1
	3
	0-5

	2
	1
	0,1
	[2
	3
	12-16]

	3
	2
	0
	[3
	3
	12-17]

	4
	2
	1
	4
	2
	0,1,2,3,12

	5
	2
	2
	5
	2
	0,1,2,3,12,14

	6
	2
	3
	6
	2
	0-3,12-14

	7
	2
	0,1
	7
	2
	0-3,12-15

	8
	2
	2,3
	[8
	3
	0,1,2,3,12]

	[9
	2
	0-2]
	[9
	3
	0,1,2,3,12,14]

	[10
	2
	0-3]
	[10
	3
	0-3,12-14]

	11
	3
	0
	[11
	3
	0-3,12-15]

	12
	3
	1
	[12
	2
	0,2,3,12,13]

	13
	3
	2
	[13
	2
	0,1,2,3,14]

	14
	3
	3
	[14
	2
	0,1,12,2,3,14]

	15
	3
	4
	[15
	2
	0,1,12,2,3,14,15]

	16
	3
	5
	[16
	2
	0,1,12,13,2,3,14,15]

	17
	3
	0,1
	[17
	3
	0,1,2,3,14]

	18
	3
	2,3
	[18
	3
	0,1,12,2,3,14]

	19
	3
	4,5
	[19
	3
	0,1,12,2,3,14,15]

	[20
	3
	0-2]
	[20
	3
	0,1,12,13,2,3,14,15]

	[21
	3
	3-5]
	
	
	

	[22
	3
	0-3]
	
	
	

	[23
	2
	0,2]
	
	
	

	24
	1
	12
	
	
	

	25
	1
	13
	
	
	

	26
	1
	12,13
	
	
	

	27
	2
	12
	
	
	

	28
	2
	13
	
	
	

	29
	2
	14
	
	
	

	30
	2
	15
	
	
	

	31
	2
	12,13
	
	
	

	32
	2
	14,15
	
	
	

	[33
	2
	12-14]
	
	
	

	[34
	2
	12-15]
	
	
	

	35
	3
	12
	
	
	

	36
	3
	13
	
	
	

	37
	3
	14
	
	
	

	38
	3
	15
	
	
	

	39
	3
	16
	
	
	

	40
	3
	17
	
	
	

	41
	3
	12,13
	
	
	

	42
	3
	14,15
	
	
	

	43
	3
	16,17
	
	
	

	[44
	3
	12-14]
	
	
	

	[45
	3
	15-17]
	
	
	

	[46
	3
	12-15]
	
	
	

	[47
	2
	12,14]
	
	
	

	48
	1
	0,1,12
	
	
	

	49
	1
	0,1,12,13
	
	
	

	50
	2
	0,1,12
	
	
	

	51
	2
	0,1,12,13
	
	
	

	52
	2
	2,3,14
	
	
	

	53
	2
	2,3,14,15
	
	
	

	54
	3
	0,1,12
	
	
	

	55
	3
	0,1,12,13
	
	
	

	56
	3
	2,3,14
	
	
	

	57
	3
	2,3,14,15
	
	
	

	58
	3
	4,5,16
	
	
	

	59
	3
	4,5,16,17
	
	
	

	[60
	3
	13,15,17]
	
	
	

	[61
	3
	13,15]
	
	
	

	[62
	2
	13,15]
	
	
	



For 1CW
We believe at least all rows of Cat.1 (Rel.15 DMRS ports combinations) should be supported. Hence, we support row 9-10, row 20-23. For MU restriction, if we follow Rel.15 rule, only row 23 requires MU restriction for Cat.1.
For row 33-34 and row 44-46, we support these rows without MU restriction.
For row 60-62, we are fine to support the rows if these rows have no MU restriction.
For 2CW
For row 2-3, we don’t see any use-case, because we assume MU restriction in case of 2 CW. 
For row 8-11, we see the benefit because CDM group#2 is not used for DMRS or data, which can be used for another UE’s DMRS. In this case, different UE uses different CDM groups, and there should be no issue for MU.
For row 12, we don’t see use-case.
For row 13-20, if row 4-7 are supported for eType1 maxLength=1, we should support row 13-20 as well. 
Proposal 2-3
· For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support/remove the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data in RAN1#112bis-e agreement.
· For 1CW, 
· Support row 9-10 and row 20-23 (i.e. Cat.1) for 1 CW.
· For row 23 in one CW, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).
· Support row 33-34, 44-46 without MU restriction.
· Support row 60-62 without MU restriction.
· For 2CW, 
· Remove row 2-3.
· Support row 8-11.
· Remove row 12.
· Support row 13-20 if row 4-7 are supported for eType1 maxLength=1. Else, remove row 12-20.

2.1.4 eType2 with maxLength = 2
In RAN1#112bis-e, we made agreement for the following rows in the table for Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH for S-TRP. We discuss the remaining issue in this section.
Table 7.3.1.2.2-4-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType2, maxLength=2
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	[0
	3
	0-4
	1]

	1
	1
	1
	1
	[1
	3
	0-5
	1]

	2
	1
	0,1
	1
	[2
	2
	0,1,2,3,6
	2]

	3
	2
	0
	1
	[3
	2
	0,1,2,3,6,8
	2]

	4
	2
	1
	1
	[4
	2
	0,1,2,3,6,7,8
	2]

	5
	2
	2
	1
	[5
	2
	0,1,2,3,6,7,8,9
	2]

	6
	2
	3
	1
	6
	2
	0,1,2,3,12
	1

	7
	2
	0,1
	1
	7
	2
	0-3,12,14
	1

	8
	2
	2,3
	1
	8
	2
	0-3,12-14
	1

	[9
	2
	0-2
	1]
	9
	2
	0-3,12-15
	1

	[10
	2
	0-3
	1]
	[10
	3
	0,1,2,3,12
	1]

	11
	3
	0
	1
	[11
	3
	0-3,12,14
	1]

	12
	3
	1
	1
	[12
	3
	0-3,12-14
	1]

	13
	3
	2
	1
	[13
	3
	0-3,12-15
	1]

	14
	3
	3
	1
	[14
	1
	0,1,6,7,12
	2]

	15
	3
	4
	1
	[15
	1
	0,1,6,7,12,18
	2]

	16
	3
	5
	1
	[16
	1
	0,1,6,7,12,13,18
	2]

	17
	3
	0,1
	1
	[17
	1
	0,1,6,7,12,13,18,19
	2]

	18
	3
	2,3
	1
	[18
	2
	0,1,6,7,12
	2]

	19
	3
	4,5
	1
	[19
	2
	0,1,6,7,12,18
	2]

	[20
	3
	0-2
	1]
	[20
	2
	0,1,6,7,12,13,18
	2]

	[21
	3
	3-5
	1]
	[21
	2
	0,1,6,7,12,13,18,19
	2]

	[22
	3
	0-3
	1]
	[22
	2
	2,3,8,9,14
	2]

	[23
	2
	0,2
	1]
	[23
	2
	2,3,8,9,14,20
	2]

	24
	3
	0
	2
	[24
	2
	2,3,8,9,14,15,20
	2]

	25
	3
	1
	2
	[25
	2
	2,3,8,9,14,15,20,21
	2]

	26
	3
	2
	2
	[26
	3
	0,1,6,7,12
	2]

	27
	3
	3
	2
	[27
	3
	0,1,6,7,12,18
	2]

	28
	3
	4
	2
	[28
	3
	0,1,6,7,12,13,18
	2]

	29
	3
	5
	2
	[29
	3
	0,1,6,7,12,13,18,19
	2]

	30
	3
	6
	2
	[30
	3
	2,3,8,9,14
	2]

	31
	3
	7
	2
	[31
	3
	2,3,8,9,14,20
	2]

	32
	3
	8
	2
	[32
	3
	2,3,8,9,14,15,20
	2]

	33
	3
	9
	2
	[33
	3
	2,3,8,9,14,15,20,21
	2]

	34
	3
	10
	2
	[34
	3
	4,5,10,11,16
	2]

	35
	3
	11
	2
	[35
	3
	4,5,10,11,16,22
	2]

	36
	3
	0,1
	2
	[36
	3
	4,5,10,11,16,17,22
	2]

	37
	3
	2,3
	2
	[37
	3
	4,5,10,11,16,17,22,23
	2]

	38
	3
	4,5
	2
	[38
	2
	0,1,2,3,14
	1]

	39
	3
	6,7
	2
	[39
	2
	0,1,12,2,3,14
	1]

	40
	3
	8,9
	2
	[40
	2
	0,1,12,2,3,14,15
	1]

	41
	3
	10,11
	2
	[41
	2
	0,1,12,13,2,3,14,15
	1]

	[42
	3
	0,1,6
	2]
	[42
	3
	0,1,2,3,14
	1]

	[43
	3
	2,3,8
	2]
	[43
	3
	0,1,12,2,3,14
	1]

	[44
	3
	4,5,10
	2]
	[44
	3
	0,1,12,2,3,14,15
	1]

	[45
	3
	0,1,6,7
	2]
	[45
	3
	0,1,12,13,2,3,14,15
	1]

	[46
	3
	2,3,8,9
	2]
	[46
	1
	0,1,6,7,18
	2]

	[47
	3
	4,5,10,11
	2]
	[47
	1
	0,1,12,6,7,18
	2]

	48
	1
	0
	2
	[48
	1
	0,1,12,6,7,18,19
	2]

	49
	1
	1
	2
	[49
	1
	0,1,12,13,6,7,18,19
	2]

	50
	1
	6
	2
	[50
	2
	0,1,6,7,18
	2]

	51
	1
	7
	2
	[51
	2
	0,1,12,6,7,18
	2]

	52
	1
	0,1
	2
	[52
	2
	0,1,12,6,7,18,19
	2]

	53
	1
	6,7
	2
	[53
	2
	0,1,12,13,6,7,18,19
	2]

	54
	2
	0,1
	2
	[54
	2
	2,3,8,9,20
	2]

	55
	2
	2,3
	2
	[55
	2
	2,3,14,8,9,20
	2]

	56
	2
	6,7
	2
	[56
	2
	2,3,14,8,9,20,21
	2]

	57
	2
	8,9
	2
	[57
	2
	2,3,14,15,8,9,20,21
	2]

	58
	1
	12
	1
	[58
	3
	0,1,6,7,18
	2]

	59
	1
	13
	1
	[59
	3
	0,1,12,6,7,18
	2]

	60
	1
	12,13
	1
	[60
	3
	0,1,12,6,7,18,19
	2]

	61
	2
	12
	1
	[61
	3
	0,1,12,13,6,7,18,19
	2]

	62
	2
	13
	1
	[62
	3
	2,3,8,9,20
	2]

	63
	2
	14
	1
	[63
	3
	2,3,14,8,9,20
	2]

	64
	2
	15
	1
	[64
	3
	2,3,14,8,9,20,21
	2]

	65
	2
	12,13
	1
	[65
	3
	2,3,14,15,8,9,20,21
	2]

	66
	2
	14,15
	1
	[66
	3
	4,5,10,11,22
	2]

	[67
	2
	12-14
	1]
	[67
	3
	4,5,16,10,11,22
	2]

	[68
	2
	12-15
	1]
	[68
	3
	4,5,16,10,11,22,23
	2]

	69
	3
	12
	1
	[69
	3
	4,5,16,17,10,11,22,23
	2]

	70
	3
	13
	1
	
	
	
	

	71
	3
	14
	1
	
	
	
	

	72
	3
	15
	1
	
	
	
	

	73
	3
	16
	1
	
	
	
	

	74
	3
	17
	1
	
	
	
	

	75
	3
	12,13
	1
	
	
	
	

	76
	3
	14,15
	1
	
	
	
	

	77
	3
	16,17
	1
	
	
	
	

	[78
	3
	12-14
	1]
	
	
	
	

	[79
	3
	15-17
	1]
	
	
	
	

	[80
	3
	12-15
	1]
	
	
	
	

	[81
	2
	12,14
	1]
	
	
	
	

	82
	3
	12
	2
	
	
	
	

	83
	3
	13
	2
	
	
	
	

	84
	3
	14
	2
	
	
	
	

	85
	3
	15
	2
	
	
	
	

	86
	3
	16
	2
	
	
	
	

	87
	3
	17
	2
	
	
	
	

	88
	3
	18
	2
	
	
	
	

	89
	3
	19
	2
	
	
	
	

	90
	3
	20
	2
	
	
	
	

	91
	3
	21
	2
	
	
	
	

	92
	3
	22
	2
	
	
	
	

	93
	3
	23
	2
	
	
	
	

	94
	3
	12,13
	2
	
	
	
	

	95
	3
	14,15
	2
	
	
	
	

	96
	3
	16,17
	2
	
	
	
	

	97
	3
	18,19
	2
	
	
	
	

	98
	3
	20,21
	2
	
	
	
	

	99
	3
	22,23
	2
	
	
	
	

	[100
	3
	12,13,18
	2]
	
	
	
	

	[101
	3
	14,15,20
	2]
	
	
	
	

	[102
	3
	16,17,22
	2]
	
	
	
	

	[103
	3
	12,13,18,19
	2]
	
	
	
	

	[104
	3
	14,15,20,21
	2]
	
	
	
	

	[105
	3
	16,17,22,23
	2]
	
	
	
	

	106
	1
	12
	2
	
	
	
	

	107
	1
	13
	2
	
	
	
	

	108
	1
	18
	2
	
	
	
	

	109
	1
	19
	2
	
	
	
	

	110
	1
	12,13
	2
	
	
	
	

	111
	1
	18,19
	2
	
	
	
	

	112
	2
	12,13
	2
	
	
	
	

	113
	2
	14,15
	2
	
	
	
	

	114
	2
	18,19
	2
	
	
	
	

	115
	2
	20,21
	2
	
	
	
	

	116
	1
	0,1,12
	1
	
	
	
	

	117
	1
	0,1,12,13
	1
	
	
	
	

	118
	2
	0,1,12
	1
	
	
	
	

	119
	2
	0,1,12,13
	1
	
	
	
	

	120
	2
	2,3,14
	1
	
	
	
	

	121
	2
	2,3,14,15
	1
	
	
	
	

	122
	3
	0,1,12
	1
	
	
	
	

	123
	3
	0,1,12,13
	1
	
	
	
	

	124
	3
	2,3,14
	1
	
	
	
	

	125
	3
	2,3,14,15
	1
	
	
	
	

	126
	3
	4,5,16
	1
	
	
	
	

	127
	3
	4,5,16,17
	1
	
	
	
	

	[129
	1
	0,1,12
	2]
	
	
	
	

	[130
	1
	0,1,12,13
	2]
	
	
	
	

	[131
	1
	6,7,18
	2]
	
	
	
	

	[132
	1
	6,7,18,19
	2]
	
	
	
	

	[133
	2
	0,1,12
	2]
	
	
	
	

	[134
	2
	0,1,12,13
	2]
	
	
	
	

	[135
	2
	6,7,18
	2]
	
	
	
	

	[136
	2
	6,7,18,19
	2]
	
	
	
	

	[137
	2
	2,3,14
	2]
	
	
	
	

	[138
	2
	2,3,14,15
	2]
	
	
	
	

	[139
	2
	8,9,20
	2]
	
	
	
	

	[140
	2
	8,9,20,21
	2]
	
	
	
	

	[141
	3
	0,1,12
	2]
	
	
	
	

	[142
	3
	0,1,12,13
	2]
	
	
	
	

	[143
	3
	6,7,18
	2]
	
	
	
	

	[144
	3
	6,7,18,19
	2]
	
	
	
	

	[145
	3
	2,3,14
	2]
	
	
	
	

	[146
	3
	2,3,14,15
	2]
	
	
	
	

	[147
	3
	8,9,20
	2]
	
	
	
	

	[148
	3
	8,9,20,21
	2]
	
	
	
	

	[149
	3
	4,5,16
	2]
	
	
	
	

	[150
	3
	4,5,16,17
	2]
	
	
	
	

	[151
	3
	10,11,22
	2]
	
	
	
	

	[152
	3
	10,11,22,23
	2]
	
	
	
	

	[153
	3
	7,12,13
	2]
	
	
	
	

	[154
	3
	9,14,15
	2]
	
	
	
	

	[155
	3
	11,16,17
	2]
	
	
	
	

	[156
	3
	9,18,19
	2]
	
	
	
	

	[157
	3
	18,19,20
	2]
	
	
	
	

	[158
	3
	21,22,23
	2]
	
	
	
	



For 1CW
We believe at least all rows of Cat.1 (Rel.15 DMRS ports combinations) should be supported. Hence, we support row 9-10, row 20-23, row 42-47. For MU restriction, if we follow Rel.15 rule, only row 23 requires MU restriction for Cat.1.
For row 67-68 and row 78-80, we support these rows without MU restriction.
For row 100-105, we support these rows without MU restriction. However, in RAN1#112bis-e, some companies claimed MU restriction is necessary to support these rows, and they proposed row 129-152 without MU restriction instead. In our view, to improve MU capacity, at least either a set of row 42-47 and row 100-105 or a set of row 129-152 should be supported without MU restriction. If RAN1 cannot agree row 42-47 and row 100-105 without MU restriction, we prefer to agree row 129-152 without MU restriction. In this case, we should remove row 100-105 because there is no use-case for row 100-105, if row 42-47 has MU restriction.
For row 153-155, the benefit is these rows enables MU of 3+3+2 layers. If row 153-155 will be agreed without MU restriction, we see row 153-155 has benefit as same reason as row 81-82 for eType1 maxLength=2.
For row 156-158, we don’t see the benefit of supporting these rows.
For 2CW
For row 0-5, we don’t see any benefit compared to the agreed row 6-9, because we assume MU restriction in case of 2 CW. 
For row 10-13, we see the benefit because CDM group#2 is not used for DMRS or data, which can be used for another UE’s DMRS. In this case, different UE uses different CDM groups, and there should be no issue for MU.
For row 14-37 and row 46-69, the benefit is it can use only one CDM group for 5-8 DMRS ports. We believe these rows are beneficial to minimize DMRS overhead, and to enable efficient multiplexing with another UE in another CDM group. However, we think either row 14-37 or row 46-69 is enough. The difference between row 14-37 and row 46-69 is that row 46-69 enables one CW maps to DMRS ports with one TD-OCC index. If this is beneficial to reduce UE complexity, we are fine with selecting row 46-69 and removing row 14-37.
For row 38-45, if row 4-7 are supported for eType1 maxLength=1, row 38-45 should be also supported as well. If not, we should remove row 38-45.
Proposal 2-4
· For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support/remove the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data in RAN1#112bis-e agreement.
· For 1CW, 
· Support row 9-10, row 20-23, and row 42-47 (i.e. Cat.1) for 1 CW.
· For row 23 in one CW, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).
· Support row 67-68, 78-80 without MU restriction.
· For row 100-105, down select from the following:
· Alt.1: If RAN1 agree row 42-47 and row 100-105 without MU restriction
· Support row 100-105 without MU restriction.
· Alt.2: Else,
· Support row 129-152 without MU restriction and remove row 100-105.
· Support row 153-155 without MU restriction.
· Remove row 156-158.
· For 2CW, 
· Remove row 0-5.
· Support row 10-13.
· Support row 46-69 and remove row 14-37.
· Support row 38-45 if row 4-7 are supported for eType1 maxLength=1. Else, remove row 38-45.

2.1.5 DCI size of the antenna ports field
In RAN1#112bis-e, the following agreement was made and antenna ports field in DCI format 1_1/1_2/0_1/0_2 is increased at least 1-bit if Rel.18 eType1/eType2 DMRS is configured.
	Agreement
For Rel.18 eType1/eType2 DMRS ports with maxLength=1/2 for PDSCH/PUSCH, if Rel.18 eType1/eType2 DMRS ports is configured by RRC, the DCI size of antenna ports field in DCI format 1_1/1_2/0_1/0_2 is increased by at least 1-bit from Rel.17.
· Note: it does not preclude future possibility to support more than 1-bit, if RAN1 agree the necessity.



Based on the proposals of antenna ports table for PDSCH, 1-bit is enough for the number of increased bits for antenna ports field for eType1/eType2 maxLength=1. However, for maxLength=2, the number of rows may be larger than 64 for eType1 or 128 for eType2. In that case, we should discuss whether to support larger antenna ports field than 1-bit. 
Proposal 2-5
· For antenna ports field in DCI format 1_1/1_2 for maxLength=2, if the number of rows of antenna port table finally to be supported for PDSCH is larger than 64 for eType1 or 128 for eType2, discuss the following options:
· Alt.1: Increase the size of antenna ports field 2-bit from Rel.17.
· Alt.2: Keep the size of antenna ports field as 1 additional bit from Rel.17 and introduce RRC signalling to select the rows which can be indicated by DCI.

2.2 Antenna ports table for PUSCH
For rank1-4 PUSCH, DMRS ports table for PUSCH for eType1 maxLength=1 is completed in the previous agreements. The principle is that at least all rows for PDSCH is supported for PUSCH, and some additional rows (which were dropped for PDSCH) is added for PUSCH. Hence, we propose to reuse this principle for other three cases.
Proposal 2-6
· For antenna ports tables for PUSCH with rank 1,2,3,4 with (eType 1, maxLength=2), (eType 2, maxLength=1), (eType 2, maxLength=2), support at least the same DMRS port combination(s) as that for rank = 1,2,3,4 for PDSCH with (eType 1, maxLength=2), (eType 2, maxLength=1), (eType 2, maxLength=2) at least for full or non-coherent UL codebook.

2.3 MU-MIMO within a CDM group between Rel.18 DMRS ports
In section 5.1.6 in TS38.214, MU-MIMO scheduling restriction is specified as following.
	For DM-RS configuration type 1, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 30} in Table 7.3.1.2.2-1 and Table 7.3.1.2.2-2 of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 12} in Table 7.3.1.2.2-1A and {2, 9, 10, 11, 30 or 31} in Table 7.3.1.2.2-2A of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
For DM-RS configuration type 2, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10 or 23} in Table 7.3.1.2.2-3 and Table 7.3.1.2.2-4 of Clause 7.3.1.2 of [5, TS38.212], or
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10, 23 or 24} in Table 7.3.1.2.2-3A and {2, 10, 23 or 58} in Table 7.3.1.2.2-4A of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.


In the current Rel.15-17 spec., following Rel.15 DMRS port combinations of MU-MIMO are allowed (illustrated in Figure 2-1). We can see that MU-MIMO between 2 UEs with Rank1 in DMRS Type1/Type2 and MU-MIMO between 2 UEs with Rank3 in DMRS Type 2 within the same CDM group(s) are allowed. So, we can see Rel.15 generally allows MU-MIMO between different UEs with the same rank within the same CDM group(s). 
[image: ]
a) 2 UEs with Rank1                                                          b) 2 UEs with Rank3 for DMRS type 2
Figure 2-1. Example of allowed combination of MU-MIMO DMRS ports in Rel.15.

In Rel.18, there are four DMRS ports within a CDM group. It is preferred to allow 4 UEs with rank1 and 2 UEs with rank2 within a CDM group at least (illustrated in figure 2-2).
Proposal 2-7
· For MU-MIMO scheduling restriction between Rel.18 eType1/eType2 DMRS ports within a CDM group(s), at least the following combinations should be allowed.
· Rank1 UE#1 + Rank1 UE#2 + Rank1 UE#3 + Rank1 UE#4
· Rank2 UE#1 + Rank2 UE#2

[image: ]
Figure 2-2. Example of allowed combination of MU-MIMO DMRS ports in Rel.18.

After Rel.18 eType1/eType2 DMRS ports tables are defined, which row of DMRS port combination requires MU-MIMO restriction should be discussed. It is not proper to just reuse the indexes of rows which require MU-restriction in current Rel.17 spec. For example, for Rel.15 Type 1, if row 2 (i.e. {0,1} with number of CDM group without data = 1) is indicated, remaining DMRS ports are not used to another UE. This is because there is no remaining orthogonal DMRS ports in Rel.15 Type 1. However, in Rel.18 eType 1, if row 2 (i.e. {0,1} with number of CDM group without data = 1) is indicated, there are remaining DMRS ports of {8,9}, and it is straightforward to allow DMRS ports combination of {8,9} with number of CDM group without data = 1 to another UE. Hence, we cannot reuse the indexes of rows which require MU-restriction in current Rel.17 spec. 
We can consider the following principle when we define the MU-MIMO restriction for Rel.18 eType1/eTyp2.
Proposal 2-8
· After Rel.18 eType1/eType2 DMRS ports tables are defined, which row of DMRS port combination requires MU-MIMO restriction should be discussed.
· For the rows of following DMRS ports combinations, remaining DMRS ports in the same CDM group(s) are not used to another UE.
· All DMRS ports in the CDM group are already allocated to a UE (e.g. {0,1,8,9} for eType1 or {0,1,12,13} for eType2).
· DMRS ports with two codewords (rank = 5,6,7,8).
· 3 DMRS ports within a CDM group are allocated to a UE (e.g. {0,1,8} for eType1 or {0,1,12} for eType2).
3. DMRS enhancement for 8 Tx UL SU-MIMO
3.1 PTRS-DMRS association
Four port PTRS
For partial/non-coherent, multi-port UL PTRS would be needed. In RAN1#110 meeting, in AI 9.1.4.2 (SRI/TPMI for 8Tx UL), antenna assumption of for full/partial coherent UE was agreed that the number of Ng (antenna coherent groups) is 1,2,4 where each group comprises coherent antennas, and antennas can be non-coherent/coherent across groups, depending on device types. From technically speaking, if different antenna groups do not share the same PA (Power Amplifier), different phase noise would be observed for different antenna groups. Hence, each DMRS port(s) should be associated with one PTRS port, and the total number of PTRS ports should be the same number of antenna groups. Thus, it would be beneficial to consider up to 4-port UL PTRS.
Proposal 3-1
· For PTRS-DMRS association for PUSCH transmission with larger than 4 layers, 
· Support up to 4-port UL PTRS.

Two port PTRS
For two port PTRS for partial/non-coherent PUSCH, the following agreement was made in RAN1#112bis-e. 
	Agreement
For two PTRS ports for partial/non-coherent PUSCH, PTRS-DMRS association for PUSCH with up to 8 layers is down selected from the following.
· Alt.1: The size of PTRS-DMRS association field is 4-bit in DCI format 0_1/0_2.
Table 1: PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	1
	2nd DMRS port which shares PTRS port 1

	2
	3rd DMRS port which shares PTRS port 0
	2
	3rd DMRS port which shares PTRS port 1

	3
	4th DMRS port which shares PTRS port 0
	3
	4th DMRS port which shares PTRS port 1


· Alt.2: The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_2.
· The CW with the higher MCS is selected in case of two CWs.
· If the MCS is the same for two CWs, the PTRS port is associated with the first CW.
Table 2: PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	1
	2nd DMRS port which shares PTRS port 1


· Alt.3: The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_2.
· For PUSCH with rank 5-8, 2-bit of antenna ports field is reused in addition to 2-bit PTRS-DMRS association in DCI format 0_1/0_2, and total 4-bit is used for PTRS-DMRS association.
Table 1: PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	1
	2nd DMRS port which shares PTRS port 1

	2
	3rd DMRS port which shares PTRS port 0
	2
	3rd DMRS port which shares PTRS port 1

	3
	4th DMRS port which shares PTRS port 0
	3
	4th DMRS port which shares PTRS port 1


· Alt.4: The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_2.
Table 2: PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	1
	2nd DMRS port which shares PTRS port 1





Ideally, two different PTRS ports should be mapped to DMRS ports associated with different UE panels (e.g. different antenna coherent groups), because different UE panel would has different PA. For each UE panel, each PTRS port should be mapped with the DMRS port associated with the best MIMO layer. To enable such gNB operation, we discuss to down select one from the agreed options. 
Alt.1 increases PTRS-DMRS association field to 4-bit as shown in Figure 3-1. In case of two UE panels (e.g. the number of antenna coherent group (Ng) = 2 in partial coherent codebook), DMRS ports associated with the same UE panel can be mapped to the same PTRS ports. For example, DMRS ports #0/#2/#4/#6 are mapped to the 1st UE panel (PTRS ports#0) and DMRS ports #1/#3/#5/#7 are mapped to the 2nd UE panel (PTRS ports#1). gNB can select best layer of DMRS ports per UE panel to be mapped with each PTRS port. Alt.1 is the most flexible approach. On the other hand, the drawback is PTRS-DMRS association field is increased to 4-bit. Since DCI-level dynamic rank indication between rank 1-8 is possible for 8Tx PUSCH, once two PTRS port is configured, PTRS-DMRS association field is increased to 4-bit in Alt.1 even when rank 1-4 is indicated.
Alt.2 is the same approach as the previous agreement of one port PTRS, and the CW with the higher MCS is selected in case of two CWs (Note: in case of PUSCH retransmission, the initial MCS is used for CW selection). However, in this approach, we cannot ensure DMRS ports of different UE panels are mapped to both CW#1 with higher MCS and CW#2 with lower MCS.
For Alt.3, DCI field of PTRS-DMRS association field is fixed to 2-bit. If rank 1-4 is indicated, 2-bit PTRS-DMRS association field is used by the existing spec. If rank 5-8 is indicated, both 2-bit PTRS-DMRS association field and 2-bit of reserved field in antenna ports field are jointly used to indicate PTRS-DMRS association. Based on the previous agreements, we believe there is enough reserved field in antenna ports field if rank 5-8 is indicated.
For Alt.4, only limited DMRS ports can be associated with PTRS ports. In advance, gNB can select 2 DMRS ports associated with the 1st UE panel (PTRS ports#0) and another DMRS ports associated with the 2nd UE panel (PTRS ports#1). However, in this approach, we cannot ensure the best MIMO layer to be associated with the selected DMRS ports.
Between the options, both Alt.1 and Alt.3 has the best flexibility of PTRS-DMRS association. Alt.1 has drawback to increase PTRS-DMRS association field to 4-bit, while Alt.3 has no drawback. Hence, we believe Alt.3 should be supported.

[image: ]
Figure 3-1. PTRS-DMRS association for 2-port UL PTRS for PUSCH with up to 8 layers.

Proposal 3-2
· For PTRS-DMRS association for PUSCH with up to 8 layers for two PTRS ports for partial/non-coherent PUSCH in RAN1#112bis-e agreement, support Alt.3. 
· Alt.3: The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_2.
· For PUSCH with rank 5-8, 2-bit of antenna ports field is reused in addition to 2-bit PTRS-DMRS association in DCI format 0_1/0_2, and total 4-bit is used for PTRS-DMRS association.
Table 1: PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	1
	2nd DMRS port which shares PTRS port 1

	2
	3rd DMRS port which shares PTRS port 0
	2
	3rd DMRS port which shares PTRS port 1

	3
	4th DMRS port which shares PTRS port 0
	3
	4th DMRS port which shares PTRS port 1



4. Conclusion
In this contribution, we discussed extension for increasing orthogonal DMRS ports for UL/DL MU-MIMO and 8 Tx UL SU-MIMO for Rel-18 MIMO. Based on the discussion, we made following proposals.
For increasing orthogonal DMRS ports
Proposal 2-1
· For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support the following rows as optional UE capability.
· Row 23 with {9,11} for 1 CW in RAN1#111 agreement.
· Row 4-7 for 2 CW in RAN1#112bis-e agreement.
· FFS: Row 8-9 for 2 CW in RAN1#112bis-e agreement.

Proposal 2-2
· For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support/remove the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data in RAN1#112bis-e agreement.
· For 1CW, 
· Support row 8-11 and row 24-30 (i.e. Cat.1) for 1 CW.
· For row 9-11 in one CW, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).
· For row 55-60, 69-80, down select from the following:
· Alt.1: If RAN1 agree row 24-30 and row 55-60 without MU restriction
· Support row 55-60 without MU restriction.
· Alt.2: Else,
· Support row 69-80 without MU restriction and remove row 55-60.
· For row 81-82:
· If RAN1 agree row 26-27 without MU restriction
· Support row 81-82 without MU restriction.
· Else,
· Remove row 81-82.
· Remove row 83.
· For 2CW, 
· Remove row 0-3.
· Support row 20-23 if row 4-7 are supported for maxLength=1. Else, remove row 20-23.
· Support row 24-35 and remove row 8-19.
· Support row 36-37 if row 8-9 are supported for maxLength=1. Else, remove row 36-37.

Proposal 2-3
· For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support/remove the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data in RAN1#112bis-e agreement.
· For 1CW, 
· Support row 9-10 and row 20-23 (i.e. Cat.1) for 1 CW.
· For row 23 in one CW, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).
· Support row 33-34, 44-46 without MU restriction.
· Support row 60-62 without MU restriction.
· For 2CW, 
· Remove row 2-3.
· Support row 8-11.
· Remove row 12.
· Support row 13-20 if row 4-7 are supported for eType1 maxLength=1. Else, remove row 12-20.

Proposal 2-4
· For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support/remove the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data in RAN1#112bis-e agreement.
· For 1CW, 
· Support row 9-10, row 20-23, and row 42-47 (i.e. Cat.1) for 1 CW.
· For row 23 in one CW, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).
· Support row 67-68, 78-80 without MU restriction.
· For row 100-105, down select from the following:
· Alt.1: If RAN1 agree row 42-47 and row 100-105 without MU restriction
· Support row 100-105 without MU restriction.
· Alt.2: Else,
· Support row 129-152 without MU restriction and remove row 100-105.
· Support row 153-155 without MU restriction.
· Remove row 156-158.
· For 2CW, 
· Remove row 0-5.
· Support row 10-13.
· Support row 46-69 and remove row 14-37.
· Support row 38-45 if row 4-7 are supported for eType1 maxLength=1. Else, remove row 38-45.

Proposal 2-5
· For antenna ports field in DCI format 1_1/1_2 for maxLength=2, if the number of rows of antenna port table finally to be supported for PDSCH is larger than 64 for eType1 or 128 for eType2, discuss the following options:
· Alt.1: Increase the size of antenna ports field 2-bit from Rel.17.
· Alt.2: Keep the size of antenna ports field as 1 additional bit from Rel.17 and introduce RRC signalling to select the rows which can be indicated by DCI.

Proposal 2-6
· For antenna ports tables for PUSCH with rank 1,2,3,4 with (eType 1, maxLength=2), (eType 2, maxLength=1), (eType 2, maxLength=2), support at least the same DMRS port combination(s) as that for rank = 1,2,3,4 for PDSCH with (eType 1, maxLength=2), (eType 2, maxLength=1), (eType 2, maxLength=2) at least for full or non-coherent UL codebook.

Proposal 2-7
· For MU-MIMO scheduling restriction between Rel.18 eType1/eType2 DMRS ports within a CDM group(s), at least the following combinations should be allowed.
· Rank1 UE#1 + Rank1 UE#2 + Rank1 UE#3 + Rank1 UE#4
· Rank2 UE#1 + Rank2 UE#2

Proposal 2-8
· After Rel.18 eType1/eType2 DMRS ports tables are defined, which row of DMRS port combination requires MU-MIMO restriction should be discussed.
· For the rows of following DMRS ports combinations, remaining DMRS ports in the same CDM group(s) are not used to another UE.
· All DMRS ports in the CDM group are already allocated to a UE (e.g. {0,1,8,9} for eType1 or {0,1,12,13} for eType2).
· DMRS ports with two codewords (rank = 5,6,7,8).
· 3 DMRS ports within a CDM group are allocated to a UE (e.g. {0,1,8} for eType1 or {0,1,12} for eType2).

For 8 Tx UL SU-MIMO
Proposal 3-1
· For PTRS-DMRS association for PUSCH transmission with larger than 4 layers, 
· Support up to 4-port UL PTRS.

Proposal 3-2
· For PTRS-DMRS association for PUSCH with up to 8 layers for two PTRS ports for partial/non-coherent PUSCH in RAN1#112bis-e agreement, support Alt.3. 
· Alt.3: The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_2.
· For PUSCH with rank 5-8, 2-bit of antenna ports field is reused in addition to 2-bit PTRS-DMRS association in DCI format 0_1/0_2, and total 4-bit is used for PTRS-DMRS association.
Table 1: PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	1
	2nd DMRS port which shares PTRS port 1

	2
	3rd DMRS port which shares PTRS port 0
	2
	3rd DMRS port which shares PTRS port 1

	3
	4th DMRS port which shares PTRS port 0
	3
	4th DMRS port which shares PTRS port 1
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