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Introduction
In RAN1#112 meeting, Rel-18 DMRS enhancement was discussed with the following agreements/conclusions:

Conclusion
Dynamic switching between R15 DMRS port and R18 DMRS port by a scheduling DCI is not supported in Rel-18

Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support at least support the following rows:
· For 1 CW, 
· 1) Rows 0-2, 12-14, 24-25 (rows with Number of DMRS CDM group(s) without data = 1)

Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, at least support the following rows:
· For 1 CW,
· 2) Row 9-11
· For the above rows, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).

Working Assumption
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, for 2 CWs,
· Alt.3-1: Support at least row 0-3 for 2 CWs in Table 4-0.
Table 4-0: DMRS ports for 2CWs.
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

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

	0
	2
	0,1,2,3,8

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

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

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



Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH for S-DCI based M-TRP, support at least the following row(s):
· For one CW, support at least row 30 in the following table.
· For the above row, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).
· FFS: other rows are not precluded
Table 7.3.1.2.2-1A-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

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

	…
	…
	…

	30
	2
	0,2,3



Agreement
For Rel.18 eType1/eType2 DMRS ports for PDSCH/PUSCH, support Alt.1 for PTRS RE mapping.
· 
Alt 1: Different RE offsets set for different Rel.18 DMRS port indexes as shown in Table 4

Table 4 Different RE offsets set for different Rel.18 DMRS port indexes
	DM-RS antenna port p
(p for PUSCH, 
p+1000 for PDSCH)
	


	
	DM-RS Configuration type 1
	DM-RS Configuration type 2

	
	resourceElementOffset
	resourceElementOffset

	
	offset00
	offset01
	offset10
	offset11
	offset00
	offset01
	offset10
	offset11

	0
	0
	2
	6
	8
	0
	1
	6
	7

	1
	2
	4
	8
	10
	1
	6
	7
	0

	2
	1
	3
	7
	9
	2
	3
	8
	9

	3
	3
	5
	9
	11
	3
	8
	9
	2

	4
	-
	-
	-
	-
	4
	5
	10
	11

	5
	-
	-
	-
	-
	5
	10
	11
	4

	8
	4
	6
	10
	0
	-
	-
	-
	-

	9
	6
	8
	0
	2
	-
	-
	-
	-

	10
	5
	7
	11
	1
	-
	-
	-
	-

	11
	7
	9
	1
	3
	-
	-
	-
	-

	12
	-
	-
	-
	-
	6
	7
	0
	1

	13
	-
	-
	-
	-
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	0
	1
	6

	14
	-
	-
	-
	-
	8
	9
	2
	3

	15
	-
	-
	-
	-
	9
	2
	3
	8

	16
	-
	-
	-
	-
	10
	11
	4
	5

	17
	-
	-
	-
	-
	11
	4
	5
	10



Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PUSCH, following Table 7.3.1.1.2-8-X, Table 7.3.1.1.2-9-X, Table 7.3.1.1.2-10-X, and Table 7.3.1.1.2-11-X are supported.
· FFS: Whether to increase the size of antenna ports field in DCI format 0_1/0_2 or not.

Table 7.3.1.1.2-8-X: Antenna port(s), transform precoder is disabled, dmrs-Type=eType1, 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
	1
	8

	7
	1
	9

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	2
	11

	12-15
	Reserved
	Reserved



Table 7.3.1.1.2-9-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, 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
	2
	0,2

	4
	1
	8,9

	5
	2
	8,9

	6
	2
	10,11

	[7]
	[2]
	[8,10]

	8-15
	Reserved
	Reserved



Table 7.3.1.1.2-10-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	[1]
	[2]
	[8-10]

	2
	1
	0,1,8

	3
	2
	0,1,8

	4
	2
	2,3,10

	5-15
	Reserved
	Reserved



Table 7.3.1.1.2-11-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	[1]
	[2]
	[8-11]

	2
	1
	0,1,8,9

	3
	2
	0,1,8,9

	4
	2
	2,3,10,11

	5-15
	Reserved
	Reserved



Agreement
For full-coherent PUSCH with rank 5-8 with one port PTRS, support Alt.1 in the RAN1#111 agreement with the following update
· Alt.1: the size of PTRS-DMRS association field is 2bit in DCI format 0_1/0_2.
· FFS: Association with 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 7.3.1.1.2-25B: PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port with the CW with the higher MCS

	1
	2nd scheduled DMRS port the CW with the higher MCS

	2
	3rd scheduled DMRS port the CW with the higher MCS

	3
	4th scheduled DMRS port the CW with the higher MCS



In this contribution, we further discuss the details for DMRS enhancement in Rel-18.
Discussion
1.1. Enhancement for more orthogonal DMRS ports
· PDSCH DMRS
The design of indication table for PDSCH should consider at least the backward compatibility to Rel-15 and new port/port combination supported by Rel-18. In details, the fowling functionality should be considered for Rel-18 DMRS port indication:
· Legacy port indication can be fully maintained, which is also useful with Rel-18 DMRS. Since the Rel-18 DMRS port indexes also includes Rel-15 port indexes, it is reasonable to maintain the usable rows in Rel-15. All the rows can be reused in Rel-18 for backward compatibility, if the total indication bits would not be increased.
· For a UE with 3/4 layers transmission, DMRS ports from the same CDM groups is supported in addition to different CDM groups in Rel-15 to avoid multiplexing of the UE with anther UE via CDM in two CDM groups. For example, compared to port 0,1,2,3 for one UE and port 8,9,10,11 for another UE for type 1, port 0,1,8,9 for one UE and port 2,3,10,11 for another UE for type 1 can restrict the inter-port interference better. It is also beneficial for DMRS overhead reduction via one CDM group for SU-MIMO. 
· Support multiplexing of UEs with different number of layers in the same CDM group with more layers/UEs compared to Rel-15. Since there are more ports in one CDM groups, more layers/UEs can be multiplexed together. 
· Support multiplexing of UEs with different number of layers in different CDM groups with more layers/UEs. Since the Rel-18 DMRS should support port/user multiplexing of up to 16/24 ports, the UEs should be able to be multiplexed in the same CDM group or in different CDM groups.
· The DMRS ports to support SDM Scheme 1a should be considered with port combination of 1+1, 1+2, 2+1 and 2+2.
· Support of up to 8/12 layers in one symbol for type 1 and type 2 DMRS. The DMRS overhead can be reduced by supporting more ports in one symbol.  
Based on the above principle, the antenna ports indication for eType1 DMRS ports with maxLength = 1 for PDSCH was agreed as in Table 7.3.1.2.2-1X. 
Table 7.3.1.2.2-1X: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, 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)
	Notes

	0
	1
	0
	Cat. 1
	0
	2
	0,1,2,3,8
	Rank 5-8 with one DMRS symbol

	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
	
	
	
	
	

	5
	2
	2
	
	
	
	
	

	6
	2
	3
	
	
	
	
	

	7
	2
	0,1
	
	
	
	
	

	8
	2
	2,3
	
	
	
	
	

	9
	2
	0-2
	
	
	
	
	

	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
	
	
	
	
	

	30
	2
	0,2,3
	
	
	
	
	

	
	
	
	
	
	
	
	



Similar design can be extended to other DMRS type/DMRS length, as shown in Table 7.3.1.2.2-2X, Table 7.3.1.2.2-3X and Table 7.3.1.2.2-4X below. As shown in the tables, one more bit is needed for each configuration compared to current tables. The Rel-15 port combinations are maintained and the new Rel-18 port combinations are marked as red. It should be noticed that the rows similar to Row 21-23 above are not included. Furthermore, the following tables includes the port combination {0,2,3} for scheme 1a, and one additional table without the combination is still needed for each DMRS configuration. The use case for newly added port combinations is also provided.
Table 7.3.1.2.2-2X: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, 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
	Notes
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

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

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

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

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

	4
	1
	0,1
	1
	
	4
	2
	0-4
	2

	5
	1
	8,9
	1
	
	5
	2
	0,1,2,3,4,6
	2

	6
	1
	0,1,8
	1
	
	6
	2
	0,1,2,3,4,5,6
	2

	7
	1
	0,1,8,9
	1
	
	7
	2
	0,1,2,3,4,5,6,7
	2

	8
	2
	0
	1
	
	8-63
	reserved
	reserved
	reserved

	9
	2
	1
	1
	
	
	
	
	

	10
	2
	2
	1
	
	
	
	
	

	11
	2
	3
	1
	
	
	
	
	

	12
	2
	8
	1
	
	
	
	
	

	13
	2
	9
	1
	
	
	
	
	

	14
	2
	10
	1
	
	
	
	
	

	15
	2
	11
	1
	
	
	
	
	

	16
	2
	0,1
	1
	
	
	
	
	

	17
	2
	2,3
	1
	
	
	
	
	

	18
	2
	8,9
	1
	
	
	
	
	

	19
	2
	10,11
	1
	
	
	
	
	

	20
	2
	0-2
	1
	
	
	
	
	

	21
	2
	0,1,8
	1
	
	
	
	
	

	22
	2
	2,3,10
	1
	
	
	
	
	

	23
	2
	0-3
	1
	
	
	
	
	

	24
	2
	0,1,8,9
	1
	
	
	
	
	

	25
	2
	2,3,10,11
	1
	
	
	
	
	

	26
	2
	0,2
	1
	
	
	
	
	

	27
	2
	0
	2
	MU（16*1）
	
	
	
	

	28
	2
	1
	2
	MU（16*1）
	
	
	
	

	29
	2
	2
	2
	MU（16*1）
	
	
	
	

	30
	2
	3
	2
	MU（16*1）
	
	
	
	

	31
	2
	4
	2
	MU（16*1）
	
	
	
	

	32
	2
	5
	2
	MU（16*1）
	
	
	
	

	33
	2
	6
	2
	MU（16*1）
	
	
	
	

	34
	2
	7
	2
	MU（16*1）
	
	
	
	

	35
	2
	8
	2
	MU（16*1）
	
	
	
	

	36
	2
	9
	2
	MU（16*1）
	
	
	
	

	37
	2
	10
	2
	MU（16*1）
	
	
	
	

	38
	2
	11
	2
	MU（16*1）
	
	
	
	

	39
	2
	12
	2
	MU（16*1）
	
	
	
	

	40
	2
	13
	2
	MU（16*1）
	
	
	
	

	41
	2
	14
	2
	MU（16*1）
	
	
	
	

	42
	2
	15
	2
	MU（16*1）
	
	
	
	

	43
	2
	0,1
	2
	MU（8*2）
	
	
	
	

	44
	2
	2,3
	2
	MU（8*2）
	
	
	
	

	45
	2
	4,5
	2
	MU（8*2）
	
	
	
	

	46
	2
	6,7
	2
	MU（8*2）
	
	
	
	

	47
	2
	8,9
	2
	MU（8*2）
	
	
	
	

	48
	2
	10,11
	2
	MU（8*2）
	
	
	
	

	49
	2
	12,13
	2
	MU（8*2）
	
	
	
	

	50
	2
	14,15
	2
	MU（8*2）
	
	
	
	

	51
	2
	0,4
	2
	
	
	
	
	

	52
	2
	2,6
	2
	
	
	
	
	

	53
	2
	0,1,4
	2
	MU（4*3）
	
	
	
	

	54
	2
	2,3,6
	2
	MU（4*3）
	
	
	
	

	55
	2
	8,9,12
	2
	MU（4*3）
	
	
	
	

	56
	2
	10,11,14
	2
	MU（4*3）
	
	
	
	

	57
	2
	0,1,4,5
	2
	MU（4*4）
	
	
	
	

	58
	2
	2,3,6,7
	2
	MU（4*4）
	
	
	
	

	59
	2
	8,9,12,13
	2
	MU（4*4）
	
	
	
	

	60
	2
	10,11,14,15
	2
	MU（4*4）
	
	
	
	

	61
	2
	0,2,4,6
	2
	
	
	
	
	

	62-63
	2
	0,2,3
	1
	
	
	
	
	



Table 7.3.1.2.2-3X: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, 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)
	Main use case
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Main use case

	0
	1
	0
	SU//MU
	0
	2
	0,1,2,3,12
	SU

	1
	1
	1
	SU//MU
	1
	2
	0,1,2,3,12,14
	SU

	2
	1
	12
	SU//MU
	2
	2
	0,1,2,3,12,13,14
	SU

	3
	1
	13
	SU//MU
	3
	2
	0,1,2,3,12,13,14,15
	SU

	4
	1
	0,1
	MU(2+2)
	4
	3
	0-4
	

	5
	1
	12,13
	MU(2+2)
	5
	3
	0-5
	

	6
	2
	0
	MU(8*1)
	6-63
	reserved
	reserved
	

	7
	2
	1
	MU(8*1)
	
	
	
	

	8
	2
	2
	MU(8*1)
	
	
	
	

	9
	2
	3
	MU(8*1)
	
	
	
	

	10
	2
	12
	MU(8*1)
	
	
	
	

	11
	2
	13
	MU(8*1)
	
	
	
	

	12
	2
	14
	MU(8*1)
	
	
	
	

	13
	2
	15
	MU(8*1)
	
	
	
	

	14
	2
	0,1
	MU(4*2)
	
	
	
	

	15
	2
	2,3
	MU(4*2)
	
	
	
	

	16
	2
	12,13
	MU(4*2)
	
	
	
	

	17
	2
	14,15
	MU(4*2)
	
	
	
	

	18
	2
	0-2
	
	
	
	
	

	19
	2
	0-3
	
	
	
	
	

	20
	2
	0,1,12
	MU(3+3)
	
	
	
	

	21
	2
	2,3,14
	MU(3+3)
	
	
	
	

	22
	2
	0,1,12,13
	MU(4+4)
	
	
	
	

	23
	2
	2,3,14,15
	MU(4+4)
	
	
	
	

	24
	3
	0
	MU(12*1)
	
	
	
	

	25
	3
	1
	MU(12*1)
	
	
	
	

	26
	3
	2
	MU(12*1)
	
	
	
	

	27
	3
	3
	MU(12*1)
	
	
	
	

	28
	3
	4
	MU(12*1)
	
	
	
	

	29
	3
	5
	MU(12*1)
	
	
	
	

	30
	3
	12
	MU(12*1)
	
	
	
	

	31
	3
	13
	MU(12*1)
	
	
	
	

	32
	3
	14
	MU(12*1)
	
	
	
	

	33
	3
	15
	MU(12*1)
	
	
	
	

	34
	3
	16
	MU(12*1)
	
	
	
	

	35
	3
	17
	MU(12*1)
	
	
	
	

	36
	3
	0,1
	MU(6*2)
	
	
	
	

	37
	3
	2,3
	MU(6*2)
	
	
	
	

	38
	3
	4,5
	MU(6*2)
	
	
	
	

	39
	3
	12,13
	MU(6*2)
	
	
	
	

	40
	3
	14,15
	MU(6*2)
	
	
	
	

	41
	3
	16,17
	MU(6*2)
	
	
	
	

	42
	3
	0-2
	
	
	
	
	

	43
	3
	3-5
	
	
	
	
	

	44
	3
	0,1,12
	MU(3*3)
	
	
	
	

	45
	3
	2,3,14
	MU(3*3)
	
	
	
	

	46
	3
	4,5,16
	MU(3*3)
	
	
	
	

	47
	3
	0-3
	
	
	
	
	

	48
	3
	0,1,12,13
	MU(3*4)
	
	
	
	

	49
	3
	2,3,14,15
	MU(3*4)
	
	
	
	

	50
	3
	4,5,16,17
	MU(3*4)
	
	
	
	

	51
	2
	0,2
	
	
	
	
	

	52
	2
	0,2,3
	Scheme 1a (1+2)
	
	
	
	

	53-63
	Reserved
	Reserved
	
	
	
	
	



Table  7.3.1.2.2-4X: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,

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

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

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

	2
	1
	12
	1
	
	2
	2
	0,1,2,3,12,13,14
	1

	3
	1
	13
	1
	
	3
	2
	0,1,2,3,12,13,14,15
	1

	4
	1
	0,1
	1
	
	4
	3
	0-4
	1

	5
	1
	12,13
	1
	
	5
	3
	0-5
	1

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

	7
	2
	1
	1
	
	7
	2
	0,1,2,3,6,8
	2

	8
	2
	2
	1
	
	8
	2
	0,1,2,3,6,7,8
	2

	9
	2
	3
	1
	
	9
	2
	0,1,2,3,6,7,8,9
	2

	10
	2
	12
	1
	
	10-127
	Reserved
	Reserved
	Reserved

	11
	2
	13
	1
	
	
	
	
	

	12
	2
	14
	1
	
	
	
	
	

	13
	2
	15
	1
	
	
	
	
	

	14
	2
	0,1
	1
	
	
	
	
	

	15
	2
	2,3
	1
	
	
	
	
	

	16
	2
	12,13
	1
	
	
	
	
	

	17
	2
	14,15
	1
	
	
	
	
	

	18
	2
	0-2
	1
	
	
	
	
	

	19
	2
	0-3
	1
	
	
	
	
	

	20
	2
	0,1,12
	1
	
	
	
	
	

	21
	2
	2,3,14
	1
	
	
	
	
	

	22
	2
	0,1,12,13
	1
	
	
	
	
	

	23
	2
	2,3,14,15
	1
	
	
	
	
	

	24
	3
	0
	1
	
	
	
	
	

	25
	3
	1
	1
	
	
	
	
	

	26
	3
	2
	1
	
	
	
	
	

	27
	3
	3
	1
	
	
	
	
	

	28
	3
	4
	1
	
	
	
	
	

	29
	3
	5
	1
	
	
	
	
	

	30
	3
	12
	1
	
	
	
	
	

	31
	3
	13
	1
	
	
	
	
	

	32
	3
	14
	1
	
	
	
	
	

	33
	3
	15
	1
	
	
	
	
	

	34
	3
	16
	1
	
	
	
	
	

	35
	3
	17
	1
	
	
	
	
	

	36
	3
	0,1
	1
	
	
	
	
	

	37
	3
	2,3
	1
	
	
	
	
	

	38
	3
	4,5
	1
	
	
	
	
	

	39
	3
	12,13
	1
	
	
	
	
	

	40
	3
	14,15
	1
	
	
	
	
	

	41
	3
	16,17
	1
	
	
	
	
	

	42
	3
	0-2
	1
	
	
	
	
	

	43
	3
	3-5
	1
	
	
	
	
	

	44
	3
	0,1,12
	1
	
	
	
	
	

	45
	3
	2,3,14
	1
	
	
	
	
	

	46
	3
	4,5,16
	1
	
	
	
	
	

	47
	3
	0-3
	1
	
	
	
	
	

	48
	3
	0,1,12,13
	1
	
	
	
	
	

	49
	3
	2,3,14,15
	1
	
	
	
	
	

	50
	3
	4,5,16,17
	1
	
	
	
	
	

	51
	2
	0,2
	1
	
	
	
	
	

	52
	3
	0
	2
	
	
	
	
	

	53
	3
	1
	2
	MU(24*1)
	
	
	
	

	54
	3
	2
	2
	MU(24*1)
	
	
	
	

	55
	3
	3
	2
	MU(24*1)
	
	
	
	

	56
	3
	4
	2
	MU(24*1)
	
	
	
	

	57
	3
	5
	2
	MU(24*1)
	
	
	
	

	58
	3
	6
	2
	MU(24*1)
	
	
	
	

	59
	3
	7
	2
	MU(24*1)
	
	
	
	

	60
	3
	8
	2
	MU(24*1)
	
	
	
	

	61
	3
	9
	2
	MU(24*1)
	
	
	
	

	62
	3
	10
	2
	MU(24*1)
	
	
	
	

	63
	3
	11
	2
	MU(24*1)
	
	
	
	

	64
	3
	12
	2
	MU(24*1)
	
	
	
	

	65
	3
	13
	2
	MU(24*1)
	
	
	
	

	66
	3
	14
	2
	MU(24*1)
	
	
	
	

	67
	3
	15
	2
	MU(24*1)
	
	
	
	

	68
	3
	16
	2
	MU(24*1)
	
	
	
	

	69
	3
	17
	2
	MU(24*1)
	
	
	
	

	70
	3
	18
	2
	MU(24*1)
	
	
	
	

	71
	3
	19
	2
	MU(24*1)
	
	
	
	

	72
	3
	20
	2
	MU(24*1)
	
	
	
	

	73
	3
	21
	2
	MU(24*1)
	
	
	
	

	74
	3
	22
	2
	MU(24*1)
	
	
	
	

	75
	3
	23
	2
	MU(24*1)
	
	
	
	

	76
	3
	0,1
	2
	MU(12*2)
	
	
	
	

	77
	3
	2,3
	2
	MU(12*2)
	
	
	
	

	78
	3
	4,5
	2
	MU(12*2)
	
	
	
	

	79
	3
	6,7
	2
	MU(12*2)
	
	
	
	

	80
	3
	8,9
	2
	MU(12*2)
	
	
	
	

	81
	3
	10,11
	2
	MU(12*2)
	
	
	
	

	82
	3
	12,13
	2
	MU(12*2)
	
	
	
	

	83
	3
	14,15
	2
	MU(12*2)
	
	
	
	

	84
	3
	16,17
	2
	MU(12*2)
	
	
	
	

	85
	3
	18,19
	2
	MU(12*2)
	
	
	
	

	86
	3
	20,21
	2
	MU(12*2)
	
	
	
	

	87
	3
	22,23
	2
	MU(12*2)
	
	
	
	

	88
	3
	0,1,6
	2
	MU(6*3)
	
	
	
	

	89
	3
	2,3,8
	2
	MU(6*3)
	
	
	
	

	90
	3
	4,5,10
	2
	MU(6*3)
	
	
	
	

	91
	3
	12,13,18
	2
	MU(6*3)
	
	
	
	

	92
	3
	14,15,20
	2
	MU(6*3)
	
	
	
	

	93
	3
	16,17,22
	2
	MU(6*3)
	
	
	
	

	94
	3
	0,1,6,7
	2
	MU(6*4)
	
	
	
	

	95
	3
	2,3,8,9
	2
	MU(6*4)
	
	
	
	

	96
	3
	4,5,10,11
	2
	MU(6*4)
	
	
	
	

	97
	3
	12,13,18,19
	2
	MU(6*4)
	
	
	
	

	98
	3
	14,15,20,21
	2
	MU(6*4)
	
	
	
	

	99
	3
	16,17,22,23
	2
	MU(6*4)
	
	
	
	

	100
	1
	0
	2
	MU(8*1)
	
	
	
	

	101
	1
	1
	2
	MU(8*1)
	
	
	
	

	102
	1
	6
	2
	MU(8*1)
	
	
	
	

	103
	1
	7
	2
	MU(8*1)
	
	
	
	

	104
	1
	12
	2
	MU(8*1)
	
	
	
	

	105
	1
	13
	2
	MU(8*1)
	
	
	
	

	74
	1
	18
	2
	MU(8*1)
	
	
	
	

	75
	1
	19
	2
	MU(8*1)
	
	
	
	

	76
	1
	0,1
	2
	MU(4*2)
	
	
	
	

	77
	1
	6,7
	2
	MU(4*2)
	
	
	
	

	78
	1
	12,13
	2
	MU(4*2)
	
	
	
	

	79
	1
	18,19
	2
	MU(4*2)
	
	
	
	

	80
	2
	0,1
	2
	MU(8*2)
	
	
	
	

	81
	2
	2,3
	2
	MU(8*2)
	
	
	
	

	82
	2
	6,7
	2
	MU(8*2)
	
	
	
	

	83
	2
	8,9
	2
	MU(8*2)
	
	
	
	

	84
	2
	12,13
	2
	MU(8*2)
	
	
	
	

	85
	2
	14,15
	2
	MU(8*2)
	
	
	
	

	86
	2
	18,19
	2
	MU(8*2)
	
	
	
	

	87
	2
	20,21
	2
	MU(8*2)
	
	
	
	

	88
	2
	0,2,3
	1
	
	
	
	
	

	89-127
	Reserved
	Reserved
	Reserved
	
	
	
	
	



Proposal 1: For DMRS port indication for Rel-18 PDSCH DMRS, one more bit is introduced for antenna ports indication field
· The above tables can be considered as starting point. 
· PUSCH DMRS
For PUSCH, similar port combination as PDSCH can be introduced for each rank. However, port combinations such as {8,10} {8-10} {8-11}, which were applicable only for SU-MIMO scenarios, are not needed for Rel-18 DMRS enhancement as for PDSCH. It is proposed to remove them from the agreed table, and not to include similar combinations in other tables. 
Proposal 2: For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PUSCH, the port combinations with brackets are removed from the agreed table. 
1.2. Uplink DMRS to support 4 and more layers per UE
For Rel.15 DMRS ports with >4 layers transmission, it was agreed that the same DMRS port combination(s) as that for rank = 5,6,7,8 for PDSCH is reused at least for full or non-coherent UL codebook. For partial coherent codebook, some companies proposed DMRS design to support layers to DMRS port mapping that layers associated to the same antenna port group are multiplexed into the same DMRS CDM group. However, DMRS port indication is another issue independent from codebook design. The above layer to DMRS port mapping can be achieved via appropriate codebook design instead of DMRS table design. Based on current DMRS port combination(s) for rank = 5,6,7,8 for PDSCH, two CDM groups with DMRS port combination(s) of 3+2, 3+3, 4+3, 4+4 are supported. As long as corresponding codebook design is supported (e.g. 3+2, 3+3, 4+3, 4+4 layers mapped to the first and second antenna port group), layers associated to the same antenna port group can be multiplexed into the same DMRS CDM group.
[bookmark: _Hlk126053646]Proposal 3: For >4 layers PUSCH with Rel-15 DMRS, the same DMRS port combination(s) as that for rank = 5,6,7,8 for PDSCH is reused for partial-coherent UL codebook. 
· Layers to DMRS port mapping that layers associated to the same antenna port group are multiplexed into the same DMRS CDM group can be achieved via appropriate codebook design
In Rel-15, up to two PTRS ports were supported for uplink 4 ports transmission. For 8 ports transmission in Rel-18, whether more PTRS ports should be introduced needs further study. The following aspects should be considered regarding this issue:
· PTRS ports would occupy different subcarriers in many OFDM symbol. That is, the overhead of 4 PTRS ports would double that of 2 PTRS ports. 
· Two non-coherent antenna groups can share the same PTRS ports. In Rel-15, even 4Tx non-coherent UE only supports at most 2 PTRS ports.
· The required number of PTRS ports may depended on the antenna architecture. Considering the advanced UE with 8 Tx ports is not likely to introduce more oscillators, more PTRS ports needs to be justified. 
· Similar to Rel-15 downlink PTRS, only single symbol DMRS is supported when UL PTRS is configured. In this case, based on Rel-15 DMRS, only maximal 6 layers transmission can be supported with PTRS.
Considering the above aspects, it is proposed that more than two PTRS ports are not supported in Rel-18.
Proposal 4: More than two PTRS ports are not supported for >4 layers transmission.
Since more antenna groups and more DMRS ports are introduced in Rel-18, the PTRS power boosting should be extended to support Ng=2/4 and up to 8 layers transmission.
· In Rel-15, only two antenna groups are supported for partial-coherent codebook. In Rel-18, at least Ng=2,4 need to be supported. The PTRS power boosting would be different with different number of antenna groups, to ensure constant power across symbols in each antenna. For example, with RRC configuration “00” for power boosting, for Ng=2 and Rank=4, the power boosting would be 3/6 dB for Qp=1/2 PTRS ports, while for for Ng=4 and Rank=4, the power boosting would be 0/3 dB for Qp=1/2 PTRS ports, since the power cannot be borrowed among antenna groups. With RRC configuration “01” for power boosting, the current mechanism can be directly extended to more layers. 
· If UE supports up to 8 layers transmission, the PTRS power boosting should also be extended for case of >4 layers transmission. For Rel-15 DMRS, 5-6 layers should be considered, while for Rel-18 DMRS, 5-8 layers should be considered. 
As examples, Table 1-4 below provide PTRS power boosting for Rel-18 with different values of Ng and different PUSCH transmission layers. 
Table 1: PTRS power boosting for Rel-18 uplink with 1-4 layers, Ng=2

	
UL-PTRS-power / 
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	
	All cases
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	00
	0
	3
	3Qp -3
	4.77
	3Qp -3
	6
	3Qp

	3Qp -3

	01
	0
	3
	3
	4.77
	4.77
	6
	6
	6

	10
	Reserved

	11
	Reserved



Table 2: PTRS power boosting for Rel-18 uplink with 5-8 layers, Ng=2


	
UL-PTRS-power / 
	
The number of PUSCH layers ( )

	
	5
	6
	7
	8

	
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	00
	7
	3Qp
	3Qp -3
	7. 78

	3Qp+1.77

	3Qp -3
	8.45
	3Qp +1.77

	3Qp -3
	9
	3Qp +3 
	3Qp -3

	01
	7
	7
	7
	7.78
	7.78
	7.78
	8.45
	8.45
	8.45
	9
	9
	9

	10
	Reserved

	11
	Reserved



Table 3: PTRS power boosting for Rel-18 uplink with 1-4 layers, Ng=4

	

UL-PTRS-power / 
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	
	All cases
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial coherent

	00
	0
	3
	3Qp -3
	4.77
	3Qp -3
	6
	3Qp -3

	01
	0
	3
	3
	4.77
	4.77
	6
	6

	10
	Reserved

	11
	Reserved



Table 4: PTRS power boosting for Rel-18 uplink with 5-8 layers, Ng=4

	
UL-PTRS-power / 
	
The number of PUSCH layers ( )

	
	5
	6
	7
	8

	
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	00
	7
	3Qp -3
	7. 78
	3Qp -3
	8.45
	3Qp-3
	9
	3Qp
	3Qp-3

	01
	7
	7
	7.78
	7.78
	8.45
	8.45
	9
	9
	9

	10
	Reserved

	11
	Reserved



Proposal 5: The uplink PTRS power boosting should be extended to support Ng=2/4 and up to 6/8 layers transmission in one symbol.
Conclusion
In this contribution, we discuss the detailed design and signaling for Rel-18 DMRS enhancement. In summary, we have the following proposals for study of Rel-18 DMRS:
Proposal 1: For DMRS port indication for Rel-18 PDSCH DMRS, one more bit is introduced for antenna ports indication field
· The above tables can be considered as starting point. 
Proposal 2: For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PUSCH, the port combinations with brackets are removed from the agreed table. 
Proposal 3: For >4 layers PUSCH with Rel-15 DMRS, the same DMRS port combination(s) as that for rank = 5,6,7,8 for PDSCH is reused for partial-coherent UL codebook. 
· Layers to DMRS port mapping that layers associated to the same antenna port group are multiplexed into the same DMRS CDM group can be achieved via appropriate codebook design
Proposal 4: More than two PTRS ports are not supported for >4 layers transmission.
Proposal 5: The uplink PTRS power boosting should be extended to support Ng=2/4 and up to 6/8 layers transmission in one symbol.
References
[1] RP-213598, New WID: MIMO Evolution for Downlink and Uplink, Samsung (Moderator), 3GPP TSG RAN Meeting #94e, Dec. 6th – 17th, 2021.
image2.wmf
RE

ref

k


oleObject2.bin

oleObject3.bin

image3.wmf
PUSCH

PTRS

a


oleObject4.bin

image4.wmf
PUSCH

layer

n


oleObject5.bin

oleObject6.bin

oleObject7.bin

oleObject8.bin

oleObject9.bin

oleObject10.bin

oleObject11.bin

image1.wmf
RE

ref

k


oleObject1.bin

