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1	Introduction
During RAN1 #112 meeting [1], following agreements were made for DMRS enhancements:
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
	-
	-
	-
	-
	7
	0
	1
	6

	14
	-
	-
	-
	-
	8
	9
	2
	3

	15
	-
	-
	-
	-
	9
	2
	3
	8

	16
	-
	-
	-
	-
	10
	11
	4
	5

	17
	-
	-
	-
	-
	11
	4
	5
	10



Working Assumption
To support PUSCH with rank = 5-8, support the following for enhancement of DMRS port allocation tables.
· Option 1: Separate DMRS ports tables for rank 5,6,7,8 for each of eType1/eType2 and maxLength=1/2 (similar to the current UL DMRS ports table).
· FFS: whether/how to reuse the reserved field in antenna ports field for other purposes can be discussed in AI9.1.4.2 [or AI9.1.3.1].

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 provide our view on antenna port table design principle and proposed port combinations for PDSCH and PUSCH. For MU-MIMO we discuss co-scheduling of Rel-15 and Rel-18 DMRS as well as DCI related issue. We also share our view on PT-RS power control.
[bookmark: _Ref178064866]2	Discussion
2.1 Antenna port table design for PDSCH and PUSCH
In this section we provide our view on the principles for antenna port table design and proposed tables for eType1 PDSCH and PUSCH.
Firstly, entries with “CDM without data equal to 1” shall be included to improve the spectrum efficiency when there’s few UEs in the network. In addition to entries using legacy ports, new ports shall also be included. Supporting for these antenna port combinations would maximize the spectrum efficiency for both MU-MIMO and SU-MIMO scenarios.

[bookmark: _Toc127288412][bookmark: _Toc131784894]Include antenna port combinations with “number of DMRS CDM group(s) without data equal to 1” to the new antenna port table.
Secondly, one of the most important use-cases for extending the number of DMRS ports is to allow co-scheduling of more UEs for MU-MIMO. For MU-MIMO, as a minimum, one-layer and two-layer transmission should be supported. Thus, port combinations allowing for MU-MIMO co-scheduling all combinations of one-layer and two-layer UEs, utilizing all the available ports should be supported. Since, these ports are to be used for MU-MIMO, there should be no scheduling restrictions associated to these port combinations. The principle is thus: Support a set of one-port and two-port port combinations that allow co-scheduling of any combination of multiple UEs scheduled with one or two layers, filling up all available DMRS ports. Since the use-case is MU-MIMO no scheduling restrictions should be associated to these port combinations. 
[bookmark: _Toc127288413][bookmark: _Toc131784895]Include antenna port combinations enable 1-layer and 2-layer transmission without assuming scheduling restrictions.

Another principle is to prioritize port-combinations that are compatible with legacy ports. Take type 1 DMRS for example, the ports 0 to 7 for eType1 and Type1 are the same. In order to facilitate co-scheduling legacy UEs with Rel-18 UEs, it is beneficial if the Rel-18 DMRS antenna port tables includes rows that are not using the legacy DMRS ports. Note also that the DMRS port used for fallback DCI is always port 0, port combinations don’t use port 0, for example, {1,8,9}, {3,10,11}, {3,8,9}, {8,10,11} shall be added in the rank 3 table for PUSCH. 
[bookmark: _Toc127288414][bookmark: _Toc131784896]Include antenna ports combinations that are compatible with legacy ports to facilitate co-scheduling legacy UEs with Rel-18 UEs
Super orthogonal ports combinations shall be included to improve the robustness at high delay spread. To achieve super-orthogonality for port combinations with more than two ports, it’s therefore necessary to utilize more than one CDM group. In the table below, two examples for DMRS Type 1, with single DMRS symbol and for rank 4 are given, where each row indicates DMRS ports that are mutually super orthogonal to each other in respective CDM group. For PDSCH the UE may assume that no other UE has been co-scheduled within the same CDM group. For example, the antenna port combination {8,10} , {9,11} and {1,3} shall be added to the rank 2 table for PUSCH.
[bookmark: _Toc127288415][bookmark: _Toc131784897]Include antenna port combinations that are super orthogonal to improve the robustness at high delay spread
Combinations using as few CDM groups as possible for higher rank shall also be included such that DMRS can be power boosted which can achieve better performance. In the table below, two examples for DMRS Type 1, with single DMRS symbol and for rank 4 are given, where each row indicates DMRS ports that are allocated to the same CDM group.
[bookmark: _Toc127288416][bookmark: _Toc131784898]Include antenna ports combinations using as few CDM groups as possible for higher ranks.

Considering these design principles and different application scenarios, our proposal for the eType1 tables is as below:

[bookmark: _Toc131784899]eType1 PUSCH tables with maxLength=1, rank = 2,3,5,6,7,8 (blue color entries are new entries):


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
	2
	9,11

	9
	2
	1,3

	10-15
	Reserved
	Reserved



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

	0
	2
	0-2

	1
	1
	0,1,8

	2
	2
	0,1,8

	3
	2
	1,8,9

	4
	2
	3,10,11

	5
	2
	3,8,9

	6
	2
	8,9,10

	7-15
	Reserved
	Reserved



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

	0
	2
	0-3

	1
	1
	0,1,8,9

	2
	2
	0,1,8,9

	3
	2
	2,3,10,11

	4
	2
	8-11

	5-15
	Reserved
	Reserved



Table 7.3.1.1.2-xx: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,2,3,8

	1
	2
	3,8,9,10,11

	2
	2
	2,3,9,10,11

	13-31
	Reserved
	Reserved



Table 7.3.1.1.2-xx: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

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

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

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

	3-15
	Reserved
	Reserved



Table 7.3.1.1.2-xx: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

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

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

	2-15
	Reserved
	Reserved



Table 7.3.1.1.2-xx: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

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

	1-15
	Reserved
	Reserved





[bookmark: _Toc131784900]eType1 PDSCH and PUSCH tables with maxLength=2:

Table 7.3.1.2.2-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
	0,1,2,3,8,9
	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
	2
	0,1,4,5,8
	2

	9
	2
	0-2
	1
	9
	2
	0,1,4,5,8,9
	2

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

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

	12
	2
	0
	2
	12
	2
	2,3,6,7,10
	2

	13
	2
	1
	2
	13
	2
	2,3,6,7,10,11
	2

	14
	2
	2
	2
	14
	2
	2,3,6,7,10,11,14
	2

	15
	2
	3
	2
	15
	2
	2,3,6,7,10,11,14,15
	2

	16
	2
	4
	2
	
	
	
	

	17
	2
	5
	2
	
	
	
	

	18
	2
	6
	2
	
	
	
	

	19
	2
	7
	2
	
	
	
	

	20
	2
	0,1
	2
	
	
	
	

	21
	2
	2,3
	2
	
	
	
	

	22
	2
	4,5
	2
	
	
	
	

	23
	2
	6,7
	2
	
	
	
	

	24
	2
	0,4
	2
	
	
	
	

	25
	2
	2,6
	2
	
	
	
	

	26
	2
	0,1,4
	2
	
	
	
	

	27
	2
	2,3,6
	2
	
	
	
	

	28
	2
	0,1,4,5
	2
	
	
	
	

	29
	2
	2,3,6,7
	2
	
	
	
	

	30
	2
	0,2,4,6
	2
	
	
	
	

	31
	1
	8
	1
	
	
	
	

	32
	1
	9
	1
	
	
	
	

	33
	1
	8,9
	1
	
	
	
	

	34
	2
	8
	1
	
	
	
	

	35
	2
	9
	1
	
	
	
	

	36
	2
	10
	1
	
	
	
	

	37
	2
	11
	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
	
	
	
	

	68
	2
	0,1,8
	2
	
	
	
	

	69
	2
	0,1,8,9
	2
	
	
	
	

	70
	2
	2,3,10
	2
	
	
	
	

	71
	2
	2,3,10,11
	2
	
	
	
	

	72
	2
	4,5,12
	2
	
	
	
	

	73
	2
	4,5,12,13
	2
	
	
	
	

	74
	2
	6,7,14
	2
	
	
	
	

	75
	2
	6,7,14,15
	2
	
	
	
	

	
	
	
	
	
	
	
	




Table 7.3.1.1.2-xx: 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

	28-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-xx: Antenna port(s), transform precoder is disabled, dmrs-Type=1, 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
	9,11
	1

	15
	2
	8,9
	2

	16
	2
	10,11
	2

	17
	2
	12,13
	2

	18
	2
	14,15
	2

	19
	2
	0,2
	2

	20
	2
	1,3
	2

	21
	2
	4,6
	2

	22
	2
	5,7
	2

	23
	2
	8,10
	2

	24
	2
	9,11
	2

	25
	2
	12,14
	2

	26
	2
	13,15
	2

	27
	2
	8,12
	2

	28
	2
	10,14
	2

	29
	2
	1,5
	2

	30
	2
	3,7
	2

	31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-xx: Antenna port(s), transform precoder is disabled, dmrs-Type=1, 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
	8-10
	2

	5
	2
	12-14
	2

	6
	1
	0,1,8
	1

	7
	2
	0,1,8
	1

	8
	2
	2,3,10
	1

	9
	2
	0,1,8
	2

	10
	2
	2,3,10
	2

	11
	2
	4,5,12
	2

	12
	2
	6,7,14
	2

	13-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-xx: Antenna port(s), transform precoder is disabled, dmrs-Type=1, 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
	1
	0,1,8,9
	1

	6
	2
	0,1,8,9
	1

	7
	2
	2,3,10,11
	1

	8
	2
	0,1,8,9
	2

	9
	2
	2,3,10,11
	2

	10
	2
	4,5,12,13
	2

	11
	2
	6,7,14,15
	2

	12
	2
	8,10,12,14
	2

	13-31
	Reserved
	Reserved
	Reserved




2.2 Co-scheduling of Type1/2 DMRS with eType1/2 DMRS
One discussion during the RAN1#112 meeting was about co-scheduling between a Rel-18 UE configured with Rel-15 DMRS ports and a Rel-18 UE configured with Rel-18 DMRS ports. Three different alternatives were discussed in the feature lead summary, which are copied below: 
· For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.18 UE2 indicated with Rel.15 DMRS ports in a CDM group, down select from the following.
· Alt.1: UE does not expect such MU-MIMO in a CDM group.
· Alt.2: Rel.18 UE2 configured with Rel.15 DMRS ports can be signaled, to indicate that there may be another Rel.18 UE1 with Rel.18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) in the same CDM group, so that the Rel.18 UE2 can assume FD-OCC length 4 for channel estimation of Rel.15 DMRS ports.
· Dedicated UE capability is introduced.
· The signaling is at least by RRC (FFS: whether to support DCI based signaling).
· Alt.3: It is up to gNB implementation whether to schedule such MU-MIMO in a CDM group (i.e. no spec impact and no additional restriction).

In Alt.1, the idea is to restrict co-scheduling of a Rel-18 UE indicated with Rel-15 DMRS ports and a Rel-18 UE indicated with new Rel-18 DMRS ports. The main argument for this alternative is that a Rel-18 UE configured with Rel-15 DMRS can re-use its Rel-15 DMRS receiver implementation. 
In Alt.2, the network can indicate to a Rel-18 UE configured with Rel-15 DMRS if another UE may be co-scheduled with a new Rel-18 DMRS ports or not. The main motivation for this is that the Rel-18 UE configured with Rel-15 DMRS can adapt its DMRS receiver based on this information, which will improve the DMRS channel estimation quality for the UE (e.g. if the UE is indicated, using e.g. RRC configuration, that other UEs will not be co-scheduled with new Rel-18 DMRS ports, the UE can apply a DMRS receiver based on FD-OCC code length 2 instead of FD-OCC code length 4, which will make the channel estimation quality more robust towards delay spread in the channel). One way to improve the DMRS channel estimation quality even further for Rel-18 UEs configured with Rel-15 DMRS, is to dynamically indicate in DCI (instead of using RRC configuration) if a co-scheduled UE are using new Rel-18 DMRS ports or not, since in this case the UE can for each PDSCH transmission use a DMRS receiver optimized for the current situation.  
In Alt.3, it is up to gNB implementation whether to co-schedule a Rel-18 UE configured with Rel-15 DMRS ports with new Rel-18 DMRS ports or not. One drawback with this solution is that if a network deployment does not support Rel-18 DMRS, then the Rel-18 UEs configured with Rel-15 DMRS will have reduced performance compared to Rel-15 UEs (due to that Rel-18 UEs have to apply DMRS channel estimation based on FD-OCC length 4 instead of FD-OCC length 2 when being co-scheduled with other UEs), which is not acceptable. In addition, in Alt.3 it says that no specification impact is needed. However, in NR Rel-15 it already says that co-scheduling between different types of DMRS ports are no supported, so Alt.3 will not work without updating the specification, hence the whole Alternative is not valid by definition. 
Based on the above discussions, we propose to support Alt.2 with both RRC based and DCI based indication. 
[bookmark: _Toc131784901]Support Alt.2, where the UE can be indicated that there may be another Rel.18 UE1 with Rel.18 New ports in the same CDM group, and where the indication can be signalled with both RRC signalling and DCI signalling

2.3 Support configurable antenna port field size with DCI 0_1/1_1 and DCI 0_2/1_2
The eType1/2 DMRS doubles the number of orthogonal ports as well as the number of co-scheduled UEs in one slot which makes it a highly valuable feature for improving network capacity. For eType1 DMRS with single front-loaded symbol configuration, up to 8 users can be scheduled simultaneously using same frequency resources. In the same slot, there could be other users being scheduled using different frequency resources. The need for number of PDCCHs is increased to better support MU-MIMO scheduling.
Table below shows an example of number of PDCCHs assuming typical network configurations for BWP size and DCI size. From the table we can see the number of available PDCCHs limits the possibility to co-schedule multiple users even UE has supported the new DMRS ports.
Table 1 Number of available PDCCH for different BWP configurations
	BWP (subcarrier spacing)
	Nr of symbols for PDCCH
	Aggregation level
	Number of available PDCCH (DCI 1_1/0_1)

	15 MHz (15kHz)
	1
	2
	4

	20 MHz (15kHz)
	1
	2
	8

	40 MHz (30kHz)
	1
	2
	8

	100 MHz (30k_Hz)
	1
	2
	20



[bookmark: _Toc131784318]The capacity of available PDCCHs per slot could be the bottleneck for MU-MIMO implementation with smaller BWP.

The antenna port table shall be designed with port combinations to serve all different scenarios. Different sets of ports combinations are needed for different scenarios and different mode of operations, which means that the total number of port combinations to cover all scenarios and mode of operations easily could become very large. However, for each given scenario and mode of operation, only a limited sets of ports combinations will be needed, which means that large part of the port combinations that is included in the antenna port table is obsolete. Since the DCI field size of “antenna ports” for DCI 1_1 is decided by the total rows of the antenna port table, the DCI overhead will then be unnecessary large. 
To mitigate this overhead issue, it would be beneficial to decouple the length of DCI field size of “antenna port” and the total number of rows in antennal port table. With the extended number of DMRS ports in Rel-18, an improvement to associate the actual needed antenna port indexes with the configured DMRS configuration should be considered. One example is to configure a subset of antenna port table in the RRC and associate the “antenna port” DCI indication only to this subset of indexes in the antenna port table, using RRC configuration to reduce the DCI overhead and the total number of port combination UE need to buffer.
[bookmark: _Toc127288417][bookmark: _Toc131784902]For Rel-18 DCI indication on antenna port table index, support RRC configuration to select the actual needed indexes from the defined antenna port table.

NR supports also short DCI format 0_2 and 1_2 from release 16. Depending on how network configures the short DCI format, the size of short DCIs can be much reduced. Short DCI formats was discussed in URLLC for reliability enhancement. However, the DCI size reduction is also useful for scheduling more PDCCHs for different UEs. In our view, the DCI 0_2/1_2 shall be supported for eType1/2 DMRS to fully utilize the benefit of the two features.
[bookmark: _Toc131784903]Support using DCI formats DCI0_2/1_2 for eType1/2 DMRS.

2.4 PTRS to DMRS power ratio for up to 8-layer PUSCH

In RAN1#110 meeting [2] we’ve made this agreement:
Agreement
For support of more than 4 layers SU-MIMO PUSCH, study the following potential enhancements for PTRS-DMRS association. 
· Whether to support more than 2-port UL PTRS.
· Whether to increase the DCI size of PTRS-DMRS association field in DCI format 0_1/0_2.

And in RAN1#111 meeting [3] we’ve made this agreement:
Agreement
· For full-coherent PUSCH with rank 5-8, UE shall expect only one port PTRS to be configured.

And in RAN1#112 meeting we´ve made the following agreement:
Agreement
For partially coherent uplink precoding by an 8TX UE codebook,
· When Ng=2
· Precoding design is based on Rel-15 UL 4TX codebook,
· Full-coherent precoders are used
· FFS whether partial-coherent precoders are needed
· When Ng=4, down-select from,
· Alt1:
· Precoding design is based on Rel-15 UL 2TX codebook,
· Full-coherent precoders are used
· Alt2:
· Precoding design is based on Rel-15 UL 4TX codebook,
· Partial-coherent precoders are used

In NR Releases 15 to 17, the maximum number of PUSCH layers is 4, while for Rel-18 the maximum number of PUSCH layers will be increased to 8. In legacy NR, the transmit power of a PTRS port can be boosted relative to the corresponding PUSCH transmit power per RE per layer according to --- the number of layers of the PUSCH associated to the PTRS port, the coherence capability of the UE.
As illustrated by the table below, Qp is the number of PTRS ports that the UE is configured with, row 00 is for a UE with “small” PAs where every single PA can only generate full power (w.r.t UE’s power class)/#Tx and row 01 is the UE with “big” PAs where every single PA can generate full power (w.r.t UE’s power class). 

Table 6.2.3.1-3: Factor related to PUSCH to PTRS power ratio per layer per RE (reproduced from 3gpp TS38.214)
	
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



In Rel-18, we need to create new such PTRS power boosting tables to cover up to 8 UL PUSCH layers for coherent, partially coherent and non-coherent UEs, both for UEs with “small PAs” (i.e. for a UE where not each Tx can support full power transmission w.r.t. UE power class, i.e. row 00 in the table above) and for UEs with “large PAs” (i.e. for a UE where each Tx can support full power transmission w.r.t. UE power class, i.e. row 01 in the table above).
If we start with a UE with “large PAs”, then regardless of which type of precoder that is used (fully coherent, partially coherent or non-coherent), the UE can always borrow power from the blanked sub-carriers of layers not associated with a PTRS. Hence for UEs with “large PAs”, the PTRS to PUSCH power ratio for  is .

[bookmark: _Toc131784904]For UEs with only “large PAs”, the PTRS to PUSCH power ratio per layer per RE is given by  

For UEs with “small PAs”, the PTRS to PUSCH power ratio will depend on which type of precoder that the UE is using (fully coherent, partially coherent or non-coherent). For fully coherent UEs it was agreed that the UE can be configured with maximum one PTRS port. In case of full coherent codebook, a PUSCH layer can be transmitted over all the antenna ports via a precoder , where  is the number of Tx antennas. Multiple layers share the total transmit power across all the antenna ports. For  scheduled PUSCH layers, each PUSCH layer is transmitted with 1/  of the total transmit power, i.e.,    If PTRS is configured, it is associated to one of the DMRS ports and precoded in the same way as the associated DMRS port (or the associated PUSCH layer).  The PTRS to PUSCH power ratio per layer per RE is then given by  (dB), i.e., the PTRS port can use all the available power across all the antenna ports while each PUSCH layer uses only a fraction of the total power. Hence, we propose
[bookmark: _Toc131784905]For full coherent codebook the PTRS to PUSCH power ratio per layer per RE is given by  


	UL-PTRS-power:


	Codebook type: Full coherent

	
	Number of PUSCH layers  with DMRS associated to the PTRS port


	
	1
	2
	3
	4
	5
	6
	7
	8

	00
	



[bookmark: _Ref120294032]Figure 1: PTRS to PUSCH to power ratio per layer per RE for full coherent codebooks.

In case of non-coherent codebook, each PUSCH layer is transmitted on only one of the antenna ports. The same is also true for PTRS port. For each PTRS antenna port, the REs allocated to the other PTRS ports are not used (i.e., nothing is transmitted from the antenna port) and thus, the power normally allocated to those REs can be used for the PTRS port to boost its transmit power. An example is illustrated in Figure 2, where two PTRS ports are scheduled and 3dB power boosting can be achieved for each of the PTRS ports. 
[image: ]
[bookmark: _Ref120610411]Figure 2: An example of PTRS power boosting with two scheduled PTRS ports each transmitted on a different antenna port.
Therefore, for non-coherent codebook the PTRS to PUSCH power ratio per layer per RE is solely determined by the number of PTRS ports associated to a PUSCH, i.e., , In this case, the PTRS to PUSCH power ratio per layer per RE is the same for all PTRS ports.  This is illustrated in Figure 3, where  is the number of PTRS ports the UE is configured with for PUSCH. Hence we propose
[bookmark: _Toc131784906]For non-coherent codebook the PTRS to PUSCH power ratio per layer per RE is determined solely by the number of PTRS ports associated to a PUSCH, i.e., ,

	UL-PTRS-power:


	Codebook type:  Non-coherent

	
	Number of PUSCH layers 

	
	1
	2
	3
	4
	5
	6
	7
	8

	00
	


[bookmark: _Ref127546620]Figure 3: PTRS to PUSCH to power ratio per layer per RE  for non-coherent codebooks.


For partially coherent precoders the power boosting is more complicated and can for example depend on what kind of TPMIs that are agreed for 8 TX PUSCH transmission. Since these discussions are still ongoing (as illustrated with the agreement from above from RAN1#112), we propose to wait with determining the PTRS to DMRS power boosting for partially coherent precoders until the TPMI for partially coherent precoders have been agreed. 

[bookmark: _Toc131784319]For partially coherent precoders the PTRS power boosting is more complicated and can depend on the AI9.1.4.2. 
[bookmark: _Toc131784907]Wait with determining the PTRS to DMRS power boosting for partially coherent precoders until the TPMI for partially coherent precoders have been agreed.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The capacity of available PDCCHs per slot could be the bottleneck for MU-MIMO implementation with smaller BWP.
Observation 2	For partially coherent precoders the PTRS power boosting is more complicated and can depend on the AI9.1.4.2.


Based on the discussion in the previous sections we propose the following:
 
Proposal 1	Include antenna port combinations with “number of DMRS CDM group(s) without data equal to 1” to the new antenna port table.
Proposal 2	Include antenna port combinations enable 1-layer and 2-layer transmission without assuming scheduling restrictions.
Proposal 3	Include antenna ports combinations that are compatible with legacy ports to facilitate co-scheduling legacy UEs with Rel-18 UEs
Proposal 4	Include antenna port combinations that are super orthogonal to improve the robustness at high delay spread
Proposal 5	Include antenna ports combinations using as few CDM groups as possible for higher ranks.
Proposal 6	eType1 PUSCH tables with maxLength=1, rank = 2,3,5,6,7,8 (blue color entries are new entries):
Proposal 7	eType1 PDSCH and PUSCH tables with maxLength=2:
Proposal 8	Support Alt.2, where the UE can be indicated that there may be another Rel.18 UE1 with Rel.18 New ports in the same CDM group, and where the indication can be signalled with both RRC signalling and DCI signalling
Proposal 9	For Rel-18 DCI indication on antenna port table index, support RRC configuration to select the actual needed indexes from the defined antenna port table.
Proposal 10	Support using DCI formats DCI0_2/1_2 for eType1/2 DMRS.
Proposal 11	For UEs with only “large PAs”, the PTRS to PUSCH power ratio per layer per RE is given by 
Proposal 12	For full coherent codebook the PTRS to PUSCH power ratio per layer per RE is given by 
Proposal 13	For non-coherent codebook the PTRS to PUSCH power ratio per layer per RE is determined solely by the number of PTRS ports associated to a PUSCH, i.e., ,
Proposal 14	Wait with determining the PTRS to DMRS power boosting for partially coherent precoders until the TPMI for partially coherent precoders have been agreed.
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