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Introduction
In this contribution, we share our views on the issues for DMRS enhancements. [1] In section 2.1 we consider orthogonal DMRS ports to support more number of MU-MIMO UEs, and in section 2.2 we discuss the potential DMRS enhancement when more than four layers per UE are supported for 8Tx UL transmission.
Discussion
DMRS enhancement for MU-MIMO

The following agreements were made in previous meetings. [2]
	Agreement
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 of DMRS port combinations and Number of DMRS CDM group(s) without data.
· FFS: Antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH for M-TRP case.
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)
	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
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	






In the above agreement, the DMRS port table are being discussed and it supports 8 ports based on DMRS type=1 and max length=1. The increased DMRS port is created by dividing it into Cat. 1, Cat. 2, and Cat. 3. The Cat. 1 reuses the legacy antenna port table and the Cat. 2 is designed by applying an offset to the Cat. 1. The Cat. 3 includes port combination for simultaneously indicating the port indicated in the Cat. 1 and the Cat. 2, respectively.
In addition, some companies proposed dynamic switching between OCC length 2 and length 4 but in our view, semi-static switching is sufficient. Since OCC length 2 is used for legacy DMRS, the switching can be done by using RRC signaling to enable or disable Rel-18 DMRS.
Proposal #1: Support RRC signaling based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC.

The ports of indication values {0, 1, 2, 9, 10, 11} of Cat. 1 should be included in the new DMRS table because in our view new DMRS table and legacy DMRS table are switched semi-statically. 
Also, the ports of indication values {12, 13, 14, 21, 22, 23} of Cat. 2 should be included in the new table for MU scheduling. The values {12, 13, 14} are necessary for MU scheduling with rank < 4 in one CDM group. For example, value 0, 1, 12, 13 can be indicated for rank 1+1+1+1 MU scheduling in one CDM group. The indication value {21, 22} is required for MU scheduling with rank > 4 in two CDM groups. If it is not supported in new DMRS table, the rank 3+3+x MU and 4+4 MU cannot be supported in two CDM groups, where x = 0, 1 or 2. 

Proposal #2: Indication value {0, 1, 2, 9, 10, 11} of Cat.1 should be included in the new DMRS table.

Proposal #3: Indication values {12, 13, 14, 21, 22, 23} of Cat.2 should be included in the new DMRS table for MU scheduling.

In addition, the port {0, 2, 3} may be added to Cat. 1 to support MTRP for 1+2 port layer combinations. It is sufficient to support ports for MTRP only in Cat. 1 such as legacy.

Proposal #4: Support the port combinations {0, 2, 3} in Cat. 1 for MTRP 1+2 layer combinations.

	Agreement in RAN1#90bis
The maximum number of orthogonal ports per UE in MU-MIMO for
· DMRS configuration type 1 with 1-symbol DMRS
· 2 for DL 
· DMRS configuration type 1 with 2-symbol DMRS
· 4 for DL
· DMRS configuration type 2 with 1-symbol DMRS
· 4 for DL
· DMRS configuration type 2 with 2-symbol DMRS
· 4 for DL 



Regarding DMRS port combination for SU only, we need to consider the maximum number of orthogonal ports per UE in MU-MIMO, first. The above agreement is the maximum number of orthogonal ports per UE in MU-MIMO in Rel-15/16/17 and for the DMRS configuration type 1 with 1-symbol DMRS, rank per UE for MU-MIMO is limited to 2. Since the maximum number of ports is doubled in Rel-18 DMRS, it makes sense that rank per UE for MU-MIMO is limited to 4 for the DMRS configuration type 1 with 1-symbol DMRS in Rel-18. 

Proposal #5: For type 1 and 1 symbol DMRS, the maximum number of orthogonal ports per UE in MU-MIMO should increase as 4. 

As a result, the value {11, 30} for type 1 in Cat. 1 and value {23} for type 2 in Cat. 1 can be remained as SU only in the R18 new table as shown in the below table.

Table 1. Legacy SU only ports (Unavailable DMRS field values for MU-MIMO)
	
	one codeword
	two codeword

	type 1
	value {2}: port {0, 1} 
value {9}: port {0, 1, 2}
value {10}: port {0, 1, 2, 3}
value {11 or 30}: port {0, 2} or {0, 2, 4, 6}
	All values

	type 2
	value {2}: port {0, 1} 
value {10}: port {0, 1, 2, 3}
value {23}: port {0, 2}
	All values



Table 2. Release 18, SU only ports (Unavailable DMRS field values for MU-MIMO)
	
	one codeword
	two codeword

	type 1
	value {11 or 30}: port {0, 2} or {0, 2, 4, 6}
	All values

	type 2
	value {23}: port {0, 2}
	All values



 In the case of value {2}, it can be indicated for MU scheduling because the number of DMRS ports increases in Rel-18 DMRS. In the case of value {9, 10}, MU scheduling is possible because the maximum number of orthogonal ports per UE in MU-MIMO is doubled based on Proposal 5.

Proposal #6: For type 1 DMRS, legacy value {11, 30} corresponding to port {0, 2} or {0, 2, 4, 6} should be supported with SU only restriction, and for type 2 DMRS, legacy value {23} corresponding to port {0, 2} should be supported with SU only restriction.

8Tx UL DMRS

PTRS-DMRS association
	Agreement
· For full-coherent PUSCH with rank 5-8, UE shall expect only one port PTRS to be configured.
· Down select from the following in RAN1#112:
· 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.
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


· Alt.2: The size of PTRS-DMRS association field is 3bit in DCI format 0_1/0_2, and the following PTRS-DMRS association for UL PTRS port 0 is specified in TS38.212.
Table 7.3.1.1.2-25B: PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port

	4
	5th scheduled DMRS port

	5
	6th scheduled DMRS port

	6
	7th scheduled DMRS port

	7
	8th scheduled DMRS port







If the maximum number of PT-RS ports is set to one, one of the 1st to 4th scheduled DMRS ports is taken as a 2-bit table DMRS-PTRS association in the legacy specification. For UL 8Tx UE, one of the 1st to 8th scheduled DMRS port must be selected, and Alt. 1 uses only 2 bits for PTRS-DMRS association without increasing DCI field size, but it precludes to use CW with lower MCS, which is less flexible solution when the two CWs have similar MCS level. Thus, we slightly prefer Alt2.

Proposal #7: Support Alt2 for PTRS-DMRS association with single PT-RS port.

[bookmark: _GoBack]On the other hand, if the maximum number of PT-RS ports is set to two, the field size can be extended from 2bits to 4bits. In the case of the NCB PUSCH, MSB 2bit indicates that one of the 1st to 4th DMRS port which shares PT-RS port 0 and LSB 2bit indicates one of the 1st to 4th DMRS port which shares PT-RS port 1. In the case of CB PUSCH, MSB 2bit indicates that one of the 1st to 4th DMRS port corresponding to layers using PUSCH antenna port 1000, 1002, 1004 and 1006. LSB 2bit indicates that one of the 1st to 4th DMRS port corresponding to layers using PUSCH antenna port 1001, 1003, 1005 and 1007.

Proposal #8: The size of PT-RS field should be increased to support PTRS-DMRS association for two PT-RS ports.
Conclusion
In this contribution, we share our views on the objective for Rel-18 on DMRS, and propose the followings based on the discussion.

DMRS enhancement for MU-MIMO:

Proposal #1: Support RRC switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC.

Proposal #2: Indication value {0, 1, 2, 9, 10, 11} of Cat.1 should be included in the new DMRS table.

Proposal #3: Indication values {12, 13, 14, 21, 22, 23} of Cat.2 should be included in the new DMRS table for MU scheduling.

Proposal #4: Support to the port combinations {0, 2, 3} in Cat. 1 for MTRP 1+2 layer combinations.

Proposal #5: For type 1 and 1 symbol DMRS, the maximum number of orthogonal ports per UE in MU-MIMO should increase as 4. 

Proposal #6: For type 1 DMRS, legacy value {11, 30} corresponding to port {0, 2} or {0, 2, 4, 6} should be supported with SU only restriction, and for type 2 DMRS, legacy value {23} corresponding to port {0, 2} should be supported with SU only restriction.


8Tx UL DMRS:

Proposal #7: Support Alt2 for PTRS-DMRS association with single PT-RS port.

Proposal #8: The size of PT-RS field should be increased to support PTRS-DMRS association for two PT-RS ports.
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