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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832][bookmark: _GoBack]In RAN1#114 meeting, the DMRS design for increasing the maximum number of DMRS ports and enabling 8Tx UL have been agreed [1].
This contribution mainly focuses on the remaining issues of DMRS enhancement for a larger number of orthogonal DMRS ports and more than 4 layers SU-MIMO PUSCH for 8TX UL operation.

Antenna ports field design for PUSCH
DMRS port combinations for Rank4 PUSCH
2.1.1 eType1, maxlength2
[bookmark: _Hlk145946726]Following agreements have been reached for eType1 DMRS with maxLength = 2 for PUSCH in RAN1#114 meeting:
	Agreement
For the antenna ports indication in DCI format 0_1/0_2 for Rel.18 eType1 DMRS ports with maxLength = 2 for PUSCH, following Table 7.3.1.1.2-46, Table 7.3.1.1.2-47, Table 7.3.1.1.2-48, and Table 7.3.1.1.2-49 are supported.
· Note: Row(s) agreed for PUSCH does not imply it is also agreed for PDSCH.
Table 7.3.1.1.2-46: Antenna port(s), transform precoder is disabled, dmrs-Type=eType1, maxLength=2, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1

	1
	1
	1
	1

	2
	2
	0
	1

	3
	2
	1
	1

	4
	2
	2
	1

	5
	2
	3
	1

	6
	2
	0
	2

	7
	2
	1
	2

	8
	2
	2
	2

	9
	2
	3
	2

	10
	2
	4
	2

	11
	2
	5
	2

	12
	2
	6
	2

	13
	2
	7
	2

	14
	1
	8
	1

	15
	1
	9
	1

	16
	2
	8
	1

	17
	2
	9
	1

	18
	2
	10
	1

	19
	2
	11
	1

	20
	2
	8
	2

	21
	2
	9
	2

	22
	2
	10
	2

	23
	2
	11
	2

	24
	2
	12
	2

	25
	2
	13
	2

	26
	2
	14
	2

	27
	2
	15
	2

	[28
	1
	8
	2]

	[29
	1
	9
	2]

	[30
	1
	12
	2]

	[31
	1
	13
	2]



Table 7.3.1.1.2-13-47: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0,1
	1

	1
	2
	0,1
	1

	2
	2
	2,3
	1

	3
	2
	0,2
	1

	4
	2
	0,1
	2

	5
	2
	2,3
	2

	6
	2
	4,5
	2

	7
	2
	6,7
	2

	8
	2
	0,4
	2

	9
	2
	2,6
	2

	10
	1
	8,9
	1

	11
	2
	8,9
	1

	12
	2
	10,11
	1

	[13
	2
	8,10
	1]

	14
	2
	8,9
	2

	15
	2
	10,11
	2

	16
	2
	12,13
	2

	17
	2
	14,15
	2

	[18
	2
	8,12
	2]

	[19
	2
	10,14
	2]

	[20
	2
	9,11
	1]

	[21
	2
	1,3
	1]

	[22
	2
	0,2
	2]

	[23
	2
	1,3
	2]

	[24
	2
	4,6
	2]

	[25
	2
	5,7
	2]

	[26
	2
	8,10
	2]

	[27
	2
	9,11
	2]

	[28
	2
	12,14
	2]

	[29
	2
	13,15
	2]

	[30
	1
	0,1
	2]

	[31
	1
	8,9
	2]

	[32
	1
	4,5
	2]

	[33
	1
	12,13
	2]



Table 7.3.1.1.2-14-48: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-2
	1

	1
	2
	0,1,4
	2

	2
	2
	2,3,6
	2

	[3
	2
	8-10
	1]

	[4
	2
	8,9,12
	2]

	[5
	2
	10,11,14
	2]

	6
	1
	0,1,8
	1

	7
	2
	0,1,8
	1

	8
	2
	2,3,10
	1

	[9
	1
	0,1,8
	2]

	[10
	1
	4,5,12
	2]

	[11
	2
	0,1,8
	2]

	[12
	2
	4,5,12
	2]

	[13
	2
	2,3,10
	2]

	[14
	2
	6,7,14
	2]

	[15
	2
	5,8,9
	2]

	[16
	2
	7,10,11
	2]

	[17
	2
	7,12,13
	2]

	18-31
	Reserved
	Reserved
	Reserved


Table 7.3.1.1.2-15-49: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-3
	1

	1
	2
	0,1,4,5
	2

	2
	2
	2,3,6,7
	2

	3
	2
	0,2,4,6
	2

	[4
	2
	8-11
	1]

	5
	2
	8,9,12,13
	2

	6
	2
	10,11,14,15
	2

	[7
	2
	8,10,12,14
	2]

	8
	1
	0,1,8,9
	1

	9
	2
	0,1,8,9
	1

	10
	2
	2,3,10,11
	1

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

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

	[13
	2
	0,1,8,9
	2]

	[14
	2
	4,5,12,13
	2]

	[15
	2
	2,3,10,11
	2]

	[16
	2
	6,7,14,15
	2]

	17-31
	Reserved
	Reserved
	Reserved



Agreement
For the antenna ports tables for Rel.18 eType1 DMRS ports with maxLength = 2 for PUSCH in RAN1#114 agreement, at least support the following rows:
· Row 28-31 for rank 1 with the following modification.
Table 7.3.1.1.2-46: Antenna port(s), transform precoder is disabled, dmrs-Type=eType1, maxLength=2, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	[28
	1
	0 8
	2]

	[29
	1
	1 9
	2]

	[30
	1
	8 12
	2]

	[31
	1
	9 13
	2]



Agreement
For the antenna ports tables for Rel.18 eType1 DMRS ports with maxLength = 2 for PUSCH in RAN1#114 agreement, at least support the following rows:
· Row 20 for rank 2.
· Row 15-17 for rank 3.
· Row 30-33 for rank 2



For rank=2, row 13, 18-19 and 21-29 in Table 7.3.1.1.2-13-47 remain further discussion this meeting. While all these DMRS port combinations could be replaced by the agreed ones as analyzed below:
· Row 13 could be replaced by row 20 with same resource overhead, equivalent channel estimation performance and higher MU scheduling flexibility
	[13
	2
	8,10
	1]

	20
	2
	9,11
	1


· Row 18-19 could be replaced by row 8-9 with same resource overhead, equivalent channel estimation performance and identical MU scheduling flexibility
	[18
	2
	8,12
	2]

	[19
	2
	10,14
	2]

	8
	2
	0,4
	2

	9
	2
	2,6
	2


· Row 21 could be replaced by row 3 with same resource overhead, equivalent channel estimation performance and identical MU scheduling flexibility 
	[21
	2
	1,3
	1]

	3
	2
	0,2
	1


Row 22-25 and 26-29 could be replaced by row 4-7 and 14-17 respectively with same resource overhead , equivalent channel estimation performance and identical MU scheduling flexibility
	[22
	2
	0,2
	2]

	[23
	2
	1,3
	2]

	[24
	2
	4,6
	2]

	[25
	2
	5,7
	2]

	4
	2
	0,1
	2

	5
	2
	2,3
	2

	6
	2
	4,5
	2

	7
	2
	6,7
	2




	[26
	2
	8,10
	2]

	[27
	2
	9,11
	2]

	[28
	2
	12,14
	2]

	[29
	2
	13,15
	2]

	14
	2
	8,9
	2

	15
	2
	10,11
	2

	16
	2
	12,13
	2

	17
	2
	14,15
	2


For rank=3, row 3-5 and 9-14 in Table 7.3.1.1.2-14-48 remain further discussion this meeting. Similarly, all these DMRS port combinations could be replaced by the agreed ones as analyzed below:
· Row 3 could be replaced by row 0 with same resource overhead, equivalent channel estimation performance and identical MU scheduling flexibility
	[3
	2
	8-10
	1]

	0
	2
	0-2
	1


· Row 4-5 could be replaced by row 1-2 with same resource overhead, equivalent channel estimation performance and identical MU scheduling flexibility
	[4
	2
	8,9,12
	2]

	[5
	2
	10,11,14
	2]

	1
	2
	0,1,4
	2

	2
	2
	2,3,6
	2


· Row 9-10 could be replaced by row 7-8 with same resource overhead, equivalent channel estimation performance and identical MU scheduling flexibility
	[9
	1
	0,1,8
	2]

	[10
	1
	4,5,12
	2]

	7
	2
	0,1,8
	1

	8
	2
	2,3,10
	1


· Row11-14 could be replaced by row 1-2 and 15-16 with same resource overhead, equivalent channel estimation performance and better MU scheduling flexibility
	[11
	2
	0,1,8
	2]

	[12
	2
	4,5,12
	2]

	[13
	2
	2,3,10
	2]

	[14
	2
	6,7,14
	2]

	1
	2
	0,1,4
	2

	2
	2
	2,3,6
	2

	15
	2
	5,8,9
	2

	16
	2
	7,10,11
	2


For rank=4, row 4, 7, and 11-16 in Table 7.3.1.1.2-15-49 remain further discussion this meeting. Similarly, all these DMRS port combinations could be replaced by the agreed ones as analyzed below: 
· Row 7 could be replaced by row 3 with same resource overhead, equivalent channel estimation performance and identical MU scheduling flexibility 
	[7
	2
	8,10,12,14
	2]

	3
	2
	0,2,4,6
	2


· Row 11-12 could be replaced by row 9-10 with same resource overhead, equivalent channel estimation performance and identical MU scheduling flexibility 
	[11
	1
	0,1,8,9
	2]

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

	9
	2
	0,1,8,9
	1

	10
	2
	2,3,10,11
	1


· Row 13-16 could be replaced by row 1-2 and 5-6 with same resource overhead, equivalent channel estimation performance and identical MU scheduling flexibility 
	[13
	2
	0,1,8,9
	2]

	[14
	2
	4,5,12,13
	2]

	[15
	2
	2,3,10,11
	2]

	[16
	2
	6,7,14,15
	2]

	1
	2
	0,1,4,5
	2

	2
	2
	2,3,6,7
	2

	5
	2
	8,9,12,13
	2

	6
	2
	10,11,14,15
	2


Based on above analysis, we have the following proposal:
[bookmark: _Hlk145959727][bookmark: _Hlk146013321]Proposal 1: For eType1 DMRS with maxLength = 2 for PUSCH:
[bookmark: _Hlk146012962]Regarding the rows in Table 7.3.1.1.2-13-47 for rank =2:
· Do not support row 13
· Do not support row 18-19
· Do not support row 21
· Do not support row 22-29
Regarding the rows in Table 7.3.1.1.2-14-48 for rank=3:
· Do not support row 3
· Do not support row 4-5
· Do not support row 9-10
· Do not support row 11-14
Regarding the rows in Table 7.3.1.1.2-15-49 for rank=4:
· Do not support row 7
· Do not support row 11-12
· Do not support row 13-16

2.1.2 eType2, maxlength1
Following agreements have been reached for eType2 DMRS ports with maxLength = 1 for PUSCH in RAN1#114 meeting:
	[bookmark: _Hlk145949260]Agreement
For the antenna ports indication in DCI format 0_1/0_2 for Rel.18 eType2 DMRS ports with maxLength = 1 for PUSCH, following Table 7.3.1.1.2-54, Table 7.3.1.1.2-55, Table 7.3.1.1.2-56, and Table 7.3.1.1.2-57 are supported.
· Note: Row(s) agreed for PUSCH does not imply it is also agreed for PDSCH.
Table 7.3.1.1.2-54: Antenna port(s), transform precoder is disabled, dmrs-Type=eType2, maxLength=1, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	2
	0

	3
	2
	1

	4
	2
	2

	5
	2
	3

	6
	3
	0

	7
	3
	1

	8
	3
	2

	9
	3
	3

	10
	3
	4

	11
	3
	5

	12
	1
	12

	13
	1
	13

	14
	2
	12

	15
	2
	13

	16
	2
	14

	17
	2
	15

	18
	3
	12

	19
	3
	13

	20
	3
	14

	21
	3
	15

	22
	3
	16

	23
	3
	17

	24-31
	Reserved
	Reserved



Table 7.3.1.1.2-17-55: Antenna port(s), transform precoder is disabled, dmrs-Type= eType2, maxLength=1, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0,1

	1
	2
	0,1

	2
	2
	2,3

	3
	3
	0,1

	4
	3
	2,3

	5
	3
	4,5

	6
	2
	0,2

	7
	1
	12,13

	8
	2
	12,13

	9
	2
	14,15

	10
	3
	12,13

	11
	3
	14,15

	12
	3
	16,17

	[13
	2
	12,14]

	[14
	3
	13,15]

	[15
	2
	13,15]

	16-31
	Reserved
	Reserved



Table 7.3.1.1.2-18-56: Antenna port(s), transform precoder is disabled, dmrs-Type= eType2, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	1
	3
	0-2

	2
	3
	3-5

	[3
	2
	12-14]

	[4
	3
	12-14]

	[5
	3
	15-17]

	6
	1
	0,1,12

	7
	2
	0,1,12

	8
	2
	2,3,14

	9
	3
	0,1,12

	10
	3
	2,3,14

	11
	3
	4,5,16

	[12
	3
	13,15,17]

	13-31
	Reserved
	Reserved


Table 7.3.1.1.2-19-57: Antenna port(s), transform precoder is disabled, dmrs-Type= eType2, maxLength=1, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	1
	3
	0-3

	[2
	2
	12-15]

	[3
	3
	12-15]

	4
	1
	0,1,12,13

	5
	2
	0,1,12,13

	6
	2
	2,3,14,15

	7
	3
	0,1,12,13

	8
	3
	2,3,14,15

	9
	3
	4,5,16,17

	10-31
	Reserved
	Reserved



Agreement
For the antenna ports tables for Rel.18 eType2 DMRS ports with maxLength = 1 for PUSCH in RAN1#114 agreement, at least support the following rows:
· Row 14-15 for rank 2.
· Row 12 for rank 3.


Similarly, for eType2 DMRS with maxLength = 1 for PUSCH, all the rows remaining further discussion could be replaced by the agreed ones with same resource overhead, equivalent channel estimation performance and identical/higher MU scheduling flexibility. As a consequence, we have the following proposal:

Proposal 2: For eType2 DMRS ports with maxLength = 1 for PUSCH:
· Regarding the rows in Table 7.3.1.1.2-17-55 for rank =2:
· Do not support row 13
· Regarding the rows in Table 7.3.1.1.2-18-56 for rank=3:
· Do not support row 3-5
· Regarding the rows in Table 7.3.1.1.2-19-57 for rank=4:
· Do not support row 2-3

2.1.3 eType2, maxlength2
Following agreements have been reached for eType2 DMRS ports with maxLength = 2 for PUSCH in RAN1#114 meeting:
	Agreement
For the antenna ports indication in DCI format 0_1/0_2 for Rel.18 eType2 DMRS ports with maxLength = 2 for PUSCH, following Table 7.3.1.1.2-62, Table 7.3.1.1.2-63, Table 7.3.1.1.2-64, and Table 7.3.1.1.2-65 are supported.
Note: Row(s) agreed for PUSCH does not imply it is also agreed for PDSCH.
Table 7.3.1.1.2-20-62: Antenna port(s), transform precoder is disabled, dmrs-Type=eType2, maxLength=2, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1

	1
	1
	1
	1

	2
	2
	0
	1

	3
	2
	1
	1

	4
	2
	2
	1

	5
	2
	3
	1

	6
	3
	0
	1

	7
	3
	1
	1

	8
	3
	2
	1

	9
	3
	3
	1

	10
	3
	4
	1

	11
	3
	5
	1

	12
	3
	0
	2

	13
	3
	1
	2

	14
	3
	2
	2

	15
	3
	3
	2

	16
	3
	4
	2

	17
	3
	5
	2

	18
	3
	6
	2

	19
	3
	7
	2

	20
	3
	8
	2

	21
	3
	9
	2

	22
	3
	10
	2

	23
	3
	11
	2

	24
	1
	0
	2

	25
	1
	1
	2

	26
	1
	6
	2

	27
	1
	7
	2

	28
	1
	12
	1

	29
	1
	13
	1

	30
	2
	12
	1

	31
	2
	13
	1

	32
	2
	14
	1

	33
	2
	15
	1

	34
	3
	12
	1

	35
	3
	13
	1

	36
	3
	14
	1

	37
	3
	15
	1

	38
	3
	16
	1

	39
	3
	17
	1

	40
	3
	12
	2

	41
	3
	13
	2

	42
	3
	14
	2

	43
	3
	15
	2

	44
	3
	16
	2

	45
	3
	17
	2

	46
	3
	18
	2

	47
	3
	19
	2

	48
	3
	20
	2

	49
	3
	21
	2

	50
	3
	22
	2

	51
	3
	24
	2

	52
	1
	12
	2

	53
	1
	13
	2

	54
	1
	18
	2

	55
	1
	19
	2

	56-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-21-63: Antenna port(s), transform precoder is disabled, dmrs-Type= eType2, maxLength=2, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0,1
	1

	1
	2
	0,1
	1

	2
	2
	2,3
	1

	3
	3
	0,1
	1

	4
	3
	2,3
	1

	5
	3
	4,5
	1

	6
	2
	0,2
	1

	7
	3
	0,1
	2

	8
	3
	2,3
	2

	9
	3
	4,5
	2

	10
	3
	6,7
	2

	11
	3
	8,9
	2

	12
	3
	10,11
	2

	13
	1
	0,1
	2

	14
	1
	6,7
	2

	15
	2
	0,1
	2

	16
	2
	2,3
	2

	17
	2
	6,7
	2

	18
	2
	8,9
	2

	19
	1
	12,13
	1

	20
	2
	12,13
	1

	21
	2
	14,15
	1

	22
	3
	12,13
	1

	23
	3
	14,15
	1

	24
	3
	16,17
	1

	[25
	2
	12,14
	1]

	26
	3
	12,13
	2

	27
	3
	14,15
	2

	28
	3
	16,17
	2

	29
	3
	18,19
	2

	30
	3
	20,21
	2

	31
	3
	22,23
	2

	32
	1
	12,13
	2

	33
	1
	18,19
	2

	34
	2
	12,13
	2

	35
	2
	14,15
	2

	36
	2
	18,19
	2

	37
	2
	20,21
	2

	[38
	3
	13,15
	1]

	[39
	2
	13,15
	1]

	40-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-22-64: Antenna port(s), transform precoder is disabled, dmrs-Type= eType2, maxLength=2, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-2
	1

	1
	3
	0-2
	1

	2
	3
	3-5
	1

	3
	3
	0,1,6
	2

	4
	3
	2,3,8
	2

	5
	3
	4,5,10
	2

	[6
	2
	12-14
	1]

	[7
	3
	12-14
	1]

	[8
	3
	15-17
	1]

	[9
	3
	12,13,18
	2]

	[10
	3
	14,15,20
	2]

	[11
	3
	16,17,22
	2]

	12
	1
	0,1,12
	1

	13
	2
	0,1,12
	1

	14
	2
	2,3,14
	1

	15
	3
	0,1,12
	1

	16
	3
	2,3,14
	1

	17
	3
	4,5,16
	1

	[18
	1
	0,1,12
	2]

	[19
	1
	6,7,18
	2]

	[20
	2
	0,1,12
	2]

	[21
	2
	6,7,18
	2]

	[22
	2
	2,3,14
	2]

	[23
	2
	8,9,20
	2]

	[24
	3
	0,1,12
	2]

	[25
	3
	6,7,18
	2]

	[26
	3
	2,3,14
	2]

	[27
	3
	8,9,20
	2]

	[28
	3
	4,5,16
	2]

	[29
	3
	10,11,22
	2]

	[30
	3
	7,12,13
	2]

	[31
	3
	9,14,15
	2]

	[32
	3
	11,16,17
	2]

	[33
	3
	9,18,19
	2]

	[34
	3
	18,19,20
	2]

	[35
	3
	21,22,23
	2]

	[36
	3
	13,15,17
	1]

	37-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-23-65: Antenna port(s), transform precoder is disabled, dmrs-Type= eType2, maxLength=2, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-3
	1

	1
	3
	0-3
	1

	2
	3
	0,1,6,7
	2

	3
	3
	2,3,8,9
	2

	4
	3
	4,5,10,11
	2

	[5
	2
	12-15
	1]

	[6
	3
	12-15
	1]

	7
	3
	12,13,18,19
	2

	8
	3
	14,15,20,21
	2

	9
	3
	16,17,22,23
	2

	10
	1
	0,1,12,13
	1

	11
	2
	0,1,12,13
	1

	12
	2
	2,3,14,15
	1

	13
	3
	0,1,12,13
	1

	14
	3
	2,3,14,15
	1

	15
	3
	4,5,16,17
	1

	[16
	1
	0,1,12,13
	2]

	[17
	1
	6,7,18,19
	2]

	[18
	2
	0,1,12,13
	2]

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

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

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

	[22
	3
	0,1,12,13
	2]

	[23
	3
	6,7,18,19
	2]

	[24
	3
	2,3,14,15
	2]

	[25
	3
	8,9,20,21
	2]

	[26
	3
	4,5,16,17
	2]

	[27
	3
	10,11,22,23
	2]

	28-63
	Reserved
	Reserved
	Reserved



Agreement
For the antenna ports tables for Rel.18 eType2 DMRS ports with maxLength = 2 for PUSCH in RAN1#114 agreement, at least support the following rows:
· Row 38-39 for rank 2.
· Row 30-36 for rank 3.


Similarly, for eType2 DMRS with maxLength = 2 for PUSCH, all the rows remaining further discussion could be replaced by the agreed ones with same resource overhead, equivalent channel estimation performance and identical/higher MU scheduling flexibility. As a consequence, we have the following proposal:
[bookmark: _Hlk145959762]Proposal 3: For eType2 DMRS with maxLength = 2 for PUSCH:
Regarding the rows in Table 7.3.1.1.2-21-63 for rank =2:
· Do not support row 25
Regarding the rows in Table 7.3.1.1.2-22-64 for rank=3:
· Do not support row 6-11
· Do not support row 18-29
Regarding the rows in Table 7.3.1.1.2-23-65 for rank=4:
· Do not support row 5-6
· Do not support row 16-27
DMRS port combinations for rank>4 PUSCH
In RAN1#112bis-e and #114 meetings, following agreements showing that at least the same DMRS port combinations as that for rank>4 PDSCH are used for rank>4 PUSCH have been reached.
	Agreement
For > 4 layers PUSCH with Rel.18 eType 1/eType 2 DMRS ports, support at least the same DMRS port combination(s) as that for rank = 5,6,7,8 for PDSCH with Rel.18 eType 1/eType 2 DMRS ports at least for full or non-coherent UL codebook based PUSCH and non-codebook based PUSCH.
Agreement
Confirm the following Working Assumption in RAN1#113:
· For > 4 layers PUSCH with Rel.15 Type1/Type2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports, for partial coherent UL codebook, support Alt.2:
· Alt.2: DMRS ports combination(s) for full/non-coherent UL codebook is reused.
The same DMRS port tables are used for full/partial/non-coherent UL codebook.


Besides the ones for rank>4 PDSCH, some other DMRS port combinations were proposed during last meeting, the technical benefit of which is not that justified from our perspective. Given the already-achieved WID and limited time budget during maintenance phase, we prefer to only use the agreed DMRS port combinations for rank>4 PUSCH.
Proposal 4: For Rel.18 DMRS ports combinations for rank>4 PUSCH, support to only use the ones agreed for rank>4 PDSCH.

The time density of PTRS
In RAN1#113 meeting, the following agreement for the time density of PTRS has been reached.
	Agreement
For time density of PTRS of rank 5-8 PUSCH, support Alt.1:
· Alt.1: Reuse the existing RRC parameter of timeDensity in PTRS-UplinkConfig for both CWs.
· The time density for an PTRS port is determined by the MCS for the associated CW.


Considering that the time density  of a PTRS port depends on the relationship between the MCS of associated CW and configured thresholds, the associated CWs of two PTRS ports can be different, and two PTRS ports share same thresholds based on above agreement, it can be expected that the time density of two PTRS ports can be different.
[image: ]
Figure 1. Two PTRS ports with different time density

An exemplary scenario, where the time density of PTRS port 0 and 1 are respectively 2 and 1, is shown in Figure 1. The comb-like time-domain mapping pattern of PTRS port 0 makes the transmission power of corresponding antenna ports vary with OFDM symbol, which is unfriendly to UE implementation and should be avoided. 
Observation 1: Different time density of two PTRS ports makes the transmission power of antenna ports vary with OFDM symbol.
One of the most straightforward approaches addressing this issue is aligning the time density of two PTRS ports. To obtain guaranteed PTRS estimation performance, the higher MCS of associated CWs should be used to determine the time density of both PTRS ports.
Another candidate approach is using the minimum number of PTRS ports in different symbols where the PTRS port is present to calculate the PTRS power boosting ratio, which avoids aforementioned issue while wastes some transmission power.
Proposal 5: For two PTRS ports for partial-/non-coherent PUSCH, support to determine the time density of both PTRS ports by the relationship between the higher MCS of associated CW and configured thresholds.
Text Proposal 1: We have the following text proposal for the agreed draft CR of TS 38.214:
	< Start of the text proposal >
6.2.3.1 UE PT-RS transmission procedure when transform precoding is not enabled
< Unchanged parts are omitted >
When a UE is scheduled to transmit PUSCH with allocation duration of 2 symbols or less, and if LPT-RS is set to 2 or 4, the UE shall not transmit PT-RS. When a UE is scheduled to transmit PUSCH with allocation duration of 4 symbols or less, and if LPT-RS is set to 4, the UE shall not transmit PT-RS.
When a UE is scheduled to transmit PUSCH for retransmission, if the UE is scheduled with IMCS > V, where V = 28 for MCS Table 5.1.3.1-1 and MCS Table 5.1.3.1-3 and V = 27 for MCS Table 5.1.3.1-2, respectively, the MCS for PT-RS time-density determination is obtained from the DCI for the same transport block in the initial transmission, which is smaller than or equal to V. 
If a UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2' and scheduled with two codewords, the MCS for PT-RS time-density determination for both PTRS ports is the higher one of the MCSs of two codewords.
< End of the text proposal >



Restriction for the combination of Rel.18 DMRS and other features
[bookmark: _Hlk134817850]For PDSCH processing time, there are two capabilities defined in current spec., i.e., capability 1 and capability 2. Capability 2 with higher timing requirement is mainly used for URLLC scenario, which requires higher robustness and lower latency compared with eMBB scenario, while Rel.18 DMRS targets at supporting higher MU-MIMO layers under eMBB scenario. Furthermore, both the lower channel estimation performance and higher channel estimation complexity of length-4 FD-OCC makes Rel.18 DMRS inappropriate under URLLC scenario. As a result, PDSCH processing capability 2 should not be simultaneously supported with Rel.18 DMRS, or at least a UE capability indicating whether Rel.18 DMRS and PDSCH processing capability 2 are simultaneously supported should be introduced.
Proposal 6: Do not simultaneously support PDSCH processing capability 2 and Rel.18 DMRS, or at least support to introduce a UE capability indicating whether Rel.18 DMRS and PDSCH processing capability 2 are simultaneously supported.
Considering the high complexity of multi-CDM-group channel estimation, a UE capability indicating whether crossing-CDM-group Rel.18 DMRS port combinations for 1 CW is supported should also be introduced.
Proposal 7: Support to introduce a UE capability indicating whether crossing-CDM-group Rel.18 DMRS port combinations for 1 CW is supported.

Conclusions
This contribution provides our views on DMRS enhancement for PUSCH port combinations and PTRS issue. The following observations and proposals are made:
Observation 1: Different time density of two PTRS ports makes the transmission power of antenna ports vary with OFDM symbol.
Proposal 1: For eType1 DMRS with maxLength = 2 for PUSCH:
Regarding the rows in Table 7.3.1.1.2-13-47 for rank =2:
· Do not support row 13
· Do not support row 18-19
· Do not support row 21
· Do not support row 22-29
Regarding the rows in Table 7.3.1.1.2-14-48 for rank=3:
· Do not support row 3
· Do not support row 4-5
· Do not support row 9-10
· Do not support row 11-14
Regarding the rows in Table 7.3.1.1.2-15-49 for rank=4:
· Do not support row 7
· Do not support row 11-12
· Do not support row 13-16
Proposal 2: For eType2 DMRS ports with maxLength = 1 for PUSCH:
· Regarding the rows in Table 7.3.1.1.2-17-55 for rank =2:
· Do not support row 13
· Regarding the rows in Table 7.3.1.1.2-18-56 for rank=3:
· Do not support row 3-5
· Regarding the rows in Table 7.3.1.1.2-19-57 for rank=4:
· Do not support row 2-3
Proposal 3: For eType2 DMRS with maxLength = 2 for PUSCH:
Regarding the rows in Table 7.3.1.1.2-21-63 for rank =2:
· Do not support row 25
Regarding the rows in Table 7.3.1.1.2-22-64 for rank=3:
· Do not support row 6-11
· Do not support row 18-29
Regarding the rows in Table 7.3.1.1.2-23-65 for rank=4:
· Do not support row 5-6
· Do not support row 16-27
Proposal 4: For Rel.18 DMRS ports combinations for rank>4 PUSCH, support to only use the ones agreed for rank>4 PDSCH.
Proposal 5: For two PTRS ports for partial-/non-coherent PUSCH, support to determine the time density of both PTRS ports by the relationship between the higher MCS of associated CW and configured thresholds.
Proposal 6: Do not simultaneously support PDSCH processing capability 2 and Rel.18 DMRS, or at least support to introduce a UE capability indicating whether Rel.18 DMRS and PDSCH processing capability 2 are simultaneously supported.
Proposal 7: Support to introduce a UE capability indicating whether crossing-CDM-group Rel.18 DMRS port combinations for 1 CW is supported.


[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
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