[bookmark: OLE_LINK3][bookmark: _Ref133120545]3GPP TSG RAN WG1 #112	R1-2300848
Athens, GR, February 27th – March 3rd, 2023
Source:	Sharp
Title:	Increased number of orthogonal DMRS ports
Agenda Item:	9.1.3.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
Background
In RAN#94e, the working items to enhance both downlink and uplink MIMO operations in Rel-18 were agreed [1].
According to the WID, the following item needs to be studied, and if justified, specified:
· Larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
Enhancements on DL/UL DMRS
2.1 Enhance DMRS port indication
In RAN1#111 meeting, the following agreements were made [2]:
	Agreement
· For the antenna ports indication in Rel.18 eType1/eType2 DMRS ports with maxLength = 1/2 for PDSCH, all of the following port combinations can be indicated:
· Cat. 1) Legacy port indexes (eType 1: p=0~7, eType 2: p=0~11)
· Cat. 2) New port indexes (eType 1: p=8~15, eType 2: p=12~23)
· Cat. 3) Legacy port indexes and New port indexes at least within a CDM group at least for maxLength=1 (eType 1: up to 4 ports from {0, 1, 8, 9} and/or up to 4 ports from {2, 3, 10, 11}, eType 2: up to 4 ports from {0, 1, 12, 13} and/or up to 4 ports from {2, 3, 14, 15} and/or up to 4 ports from {4, 5, 16, 17}) at least for S-TRP case,
· For up to 4 ranks, only one CDM group is used per UE. For larger than 4 ranks, more than one CDM groups can be used per UE.
· FFS: Whether to increase the size of antenna ports field in DCI format 1_1/1_2, or introduce new DCI field for antenna ports indication, or not.
· FFS: Whether the new antenna port(s) table is specified or not.
· FFS: MU restrictions for certain entries. e.g., DMRS ports = {0,2}, or {8,10}, etc.
· FFS: Cat.3 for M-TRP case.
· Note: DMRS port index for PDSCH is determined by p +1000

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.
[bookmark: _Hlk121238531]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
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	




Conclusion
· For discussion purpose, definition of Rel.15 DMRS ports and Rel-18 DMRS ports are:
· Rel.15 Type 1/Type 2 DMRS ports: DMRS ports with FD-OCC length =2.
· Rel.18 eType 1/eType 2 DMRS ports: DMRS ports with FD-OCC length >2.
· Following figure as an example shows difference between Rel.15 Type 1 DMRS ports and Rel.18 eType 1 DMRS ports.
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Agreement
For Rel.18 eType 1/eType 2 DMRS ports of PDSCH/PUSCH with FD-OCC length 4, association between DMRS port indexes, CDM group index, FD-OCC index, and TD-OCC index (across consecutive DMRS symbols, if any) are determined by the following Table 1 and Table 2. 
· The p in Table 1 and Table 2 corresponds to DMRS port index for PUSCH.  
· DMRS port index for PDSCH is determined by p +1000 in Table 1 and Table 2. 
Table 1. Rel.18 eType 1 DMRS ports for PUSCH 
	p 
	CDM group index 
	FD-OCC index 
	TD-OCC index 

	0 
	0 
	0 
	0 

	1 
	0 
	1 
	0 

	2 
	1 
	0 
	0 

	3 
	1 
	1 
	0 

	4 
	0 
	0 
	1 

	5 
	0 
	1 
	1 

	6 
	1 
	0 
	1 

	7 
	1 
	1 
	1 

	8 
	0 
	2 
	0 

	9 
	0 
	3 
	0 

	10 
	1 
	2 
	0 

	11 
	1 
	3 
	0 

	12 
	0 
	2 
	1 

	13 
	0 
	3 
	1 

	14 
	1 
	2 
	1 

	15 
	1 
	3 
	1 


 
Table 2. Rel.18 eType 2 DMRS ports for PUSCH 
	p 
	CDM group index 
	FD-OCC index 
	TD-OCC index 

	0 
	0 
	0 
	0 

	1 
	0 
	1 
	0 

	2 
	1 
	0 
	0 

	3 
	1 
	1 
	0 

	4 
	2 
	0 
	0 

	5 
	2 
	1 
	0 

	6 
	0 
	0 
	1 

	7 
	0 
	1 
	1 

	8 
	1 
	0 
	1 

	9 
	1 
	1 
	1 

	10 
	2 
	0 
	1 

	11 
	2 
	1 
	1 

	12 
	0 
	2 
	0 

	13 
	0 
	3 
	0 

	14 
	1 
	2 
	0 

	15 
	1 
	3 
	0 

	16 
	2 
	2 
	0 

	17 
	2 
	3 
	0 

	18 
	0 
	2 
	1 

	19 
	0 
	3 
	1 

	20 
	1 
	2 
	1 

	21 
	1 
	3 
	1 

	22 
	2 
	2 
	1 

	23 
	2 
	3 
	1 







In RAN1#111 meeting, it was agreed that DMRS port indication is enhanced for Rel-18 eType 1/eType 2 DMRS ports with maxLength = 1/2 for PDSCH. Furthermore, in a case that dmrs-Type = eType 1 and maxLength = 1, details of DMRS port combinations except for points of square brackets were defined.
In our view, Value = 0,1,2,12,13, and 14 (yellow highlighted parts) are unnecessary. In this case, a first CDM group is used for DMRS of a UE and a second CDM group is used for data of the UE. Therefore, that is for SU-MIMO. According to WID [1], SU-MIMO is out-of-scope. Therefore, we don’t support increasing DCI size (i.e., enhancements on DCI) for SU-MIMO. For Rel-15, SU-MIMO with up to 4 layers within one CDM group is already supported. For this reason, in this case, dynamic switching between Rel-15 DMRS port and Rel-18 DMRS port can be used for switching SU-MIMO and MU-MIMO.
Proposal 1: When dmrs-Type = eType 1, maxLength = 1, and Number of DMRS CDM group without data = 1, DMRS ports combinations {0}, {1}, {0,1}, {8}, {9}, {8,9} can be removed from the DMRS port indication table.
Observation 1: Dynamic switching between Rel-15 DMRS port and Rel-18 DMRS port can be used for switching SU-MIMO and MU-MIMO.
In our view, Value = 9,10,11,21,22, and 23 (bule highlighted parts) are unnecessary. These cause MU-MIMO restrictions. That is, since MU-MIMO with 4 layers within one CDM group is already supported (e.g., {0,1,8,9}), two CDM groups do not need to be used for up to 4 layers and it causes unnecessary restrictions on Rel-15 UE. For example, Rel-15 UE can use Rel-15 DMRS ports {2,3} when other Rel-18 UE uses Rel-18 DMRS ports {0,1,8,9}. However, Rel-15 UE cannot use any of Rel-15 DMRS ports {0,1,2,3} when Rel-18 UE uses Rel-18 DMRS ports {8,9,10,11} because Rel-15 UE cannot de-spread Rel-18 DMRS ports (i.e., length 4 FD-OCC).
DMRS ports {0,2} can be used to perform both MU-MIMO and multi-TRP transmission scheme (e.g., SDM scheme) by mapping CDM group #0 and #1 to first and second TCI states, respectively. However, additional DMRS port combinations {1,3} and {9,11} are necessary, enhancement on multi-TRP transmission scheme is out-of-scope, and MU-MIMO restriction occurs. For these reason, DMRS ports combinations {0,2} and {8,9} can be removed from the DMRS port indication table.
Proposal 2: When dmrs-Type = eType 1 and maxLength = 1, DMRS ports combinations {0,1,2}, {0,1,2,3}, {0,2}, {8,9,10}, {8,9,10,11}, {8,10}, {9,11} can be removed from the DMRS port indication table.
For Rel-15 DMRS port combinations, SU-MIMO with 3 and 4 layers within one CDM group and SU-MIMO with more than 4 layers by using one front-loaded DMRS symbol cannot be realized. In our view, when the number of DMRS CDM group without data is 1, DMRS port combinations {0,1,8} and {0,1,8,9} are supportive. However, if the size of DMRS port indication field is increased (i.e., DMRS port indication field is enhanced) for SU-MIMO, we can remove DMRS port combinations for SU-MIMO. Furthermore, when dmrs-Type = eType 1 and maxLength = 1, DMRS port combinations {0,1,2,3,8}, {0,1,2,3,8,10}, {0,1,2,3,8,9,10}, and {0,1,2,3,8,9,10,11} are fine for us because DCI overhead is not increased.
Proposal 3: When dmrs-Type = eType 1, maxLength = 1, and Number of DMRS CDM group without data = 1, DMRS ports combinations {0,1,8}, {0,1,8,9} can be removed from the DMRS port indication table.
Proposal 4: When dmrs-Type = eType 1 and maxLength = 1, DMRS ports combinations {0,1,2,3,8}, {0,1,2,3,8,10}, {0,1,2,3,8,9,10}, and {0,1,2,3,8,9,10,11} can be supported.
We propose the DMRS port indication table when dmrs-Type = eType 1 and maxLength = 1 without enhancements on DCI for SU-MIMO.
Proposal 5: Support the following DMRS port indication table:
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
	2
	0
	Cat 1
	0
	2
	0,1,2,3,8
	Cat 3

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

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

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

	4
	2
	0,1
	
	4-15
	Reserved
	Reserved
	

	5
	2
	2,3
	
	
	
	
	

	6
	2
	8
	Cat 2
	
	
	
	

	7
	2
	9
	
	
	
	
	

	8
	2
	10
	
	
	
	
	

	9
	2
	11
	
	
	
	
	

	10
	2
	8,9
	
	
	
	
	

	11
	2
	10,11
	
	
	
	
	

	12
	2
	0,1,8
	Cat 3
	
	
	
	

	13
	2
	0,1,8,9
	
	
	
	
	

	14
	2
	2,3,10
	
	
	
	
	

	15
	2
	2,3,10,11
	
	
	
	
	



Likewise, when dmrs-Type = eType1 and maxLength = 2, we propose to remove DMRS port combinations that enhances DCI for SU-MIMO with up to 4 layers and restricts MU-MIMO.
Proposal 6: Support the following DMRS port indication table:
Table 7.3.1.2.2-1-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
	Notes
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Notes

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

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

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

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

	4
	2
	0,1
	1
	
	
	2
	0,1,4,5,8
	2
	

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

	6
	2
	0
	2
	
	
	2
	0,1,4,5,8,9,12,
	2
	

	7
	2
	1
	2
	
	
	2
	0,1,4,5,8,9,12,13
	2
	

	8
	2
	2
	2
	
	
	2
	2,3,6,7,10
	2
	

	9
	2
	3
	2
	
	
	2
	2,3,6,7,10,11
	2
	

	10
	2
	4
	2
	
	
	2
	2,3,6,7,10,11,14
	2
	

	11
	2
	5
	2
	
	
	2
	2,3,6,7,10,11,14,15
	2
	

	12
	2
	6
	2
	
	
	
	
	
	

	13
	2
	7
	2
	
	
	
	
	
	

	14
	2
	0,1
	2
	
	
	
	
	
	

	15
	2
	2,3
	2
	
	
	
	
	
	

	16
	2
	4,5
	2
	
	
	
	
	
	

	17
	2
	6,7
	2
	
	
	
	
	
	

	18
	2
	0,4
	2
	
	
	
	
	
	

	19
	2
	2,6
	2
	
	
	
	
	
	

	20
	2
	0,1,4
	2
	
	
	
	
	
	

	21
	2
	2,3,6
	2
	
	
	
	
	
	

	22
	2
	0,1,4,5
	2
	
	
	
	
	
	

	23
	2
	2,3,6,7
	2
	
	
	
	
	
	

	24
	2
	8
	1
	Cat 2
	
	
	
	
	

	25
	2
	9
	1
	
	
	
	
	
	

	26
	2
	10
	1
	
	
	
	
	
	

	27
	2
	11
	1
	
	
	
	
	
	

	28
	2
	8,9
	1
	
	
	
	
	
	

	29
	2
	10,11
	1
	
	
	
	
	
	

	30
	2
	8
	2
	
	
	
	
	
	

	31
	2
	9
	2
	
	
	
	
	
	

	32
	2
	10
	2
	
	
	
	
	
	

	33
	2
	11
	2
	
	
	
	
	
	

	34
	2
	12
	2
	
	
	
	
	
	

	35
	2
	13
	2
	
	
	
	
	
	

	36
	2
	14
	2
	
	
	
	
	
	

	37
	2
	15
	2
	
	
	
	
	
	

	38
	2
	8,9
	2
	
	
	
	
	
	

	39
	2
	10,11
	2
	
	
	
	
	
	

	40
	2
	12,13
	2
	
	
	
	
	
	

	41
	2
	14,15
	2
	
	
	
	
	
	

	42
	2
	8,12
	2
	
	
	
	
	
	

	43
	2
	10,14
	2
	
	
	
	
	
	

	44
	2
	8,9,12
	2
	
	
	
	
	
	

	45
	2
	10,11,14
	2
	
	
	
	
	
	

	46
	2
	8,9,12,13
	2
	
	
	
	
	
	

	47
	2
	10,11,14,15
	2
	
	
	
	
	
	

	48
	1
	0,1,8
	1
	Cat 3
	
	
	
	
	

	49
	1
	0,1,8,9
	1
	
	
	
	
	
	

	50
	2 
	0,1,8
	1
	
	
	
	
	
	

	51
	2 
	0,1,8,9
	1
	
	
	
	
	
	

	52
	2 
	2,3,10
	1
	
	
	
	
	
	

	53
	2 
	2,3,10,11
	1
	
	
	
	
	
	

	54-63
	Reserved
	Reserved
	
	
	
	
	
	
	




2.2 Enhance dynamic switching between Rel-15 DMRS port and Rel-18 DMRS port
In RAN1#110 meeting, the following agreements was made [3]:
	Agreement
For increased DMRS ports for enhanced FD-OCC, study whether/how to support DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length M FD-OCC (where M > 2).





For dynamic switching between Rel-15 DMRS (2 FD-OCC) and Rel-18 DMRS (4 FD-OCC), we assume the following usages:
· Case 1 that legacy UE and Rel-18 UE are multiplexed within the same CDM group, Rel-18 UE is indicated to use Rel-15 DMRS.
· Case 2 that Rel-18 UE#1 and Rel-18 UE#2 are multiplexed, both Rel-18 UEs are indicated to use Rel-15 DMRS to achieve high reliability.
· Case 3 that Rel-18 UE#1 and Rel-18 UE#2 are multiplexed, both Rel-18 UEs are indicated to use Rel-18 DMRS to achieve high system capacity.
For Case 1, Rel-15 UE experiences unknown interference of Rel-18 DMRS ports because it cannot de-spread 4 FD-OCC. For this reason, Rel-18 UE multiplexed with Rel-15 UE within the same CDM group needs to use Rel-15 DMRS ports.
For Case 2, it can mitigate impacts of large delay spread that multiplexed Rel-18 UEs use Rel-15 DMRS ports. On the other hand, for Case 3, it can increase the number of multiplexed UEs that the multiplexed UEs use Rel-18 DMRS ports. Furthermore, one of Case 2 and Case 3 occurs depending on channel condition. Therefore, dynamic switching between Rel-15 DMRS port and Rel-18 DMRS port is necessary. Furthermore, 1 bit DCI field should be introduced to indicate the dynamic switching.
In the previous meeting, majority thinks that it is up to UE implementation which FD-OCC length UE should assume for channel estimation even if the UE is indicated FD-OCC length of DMRS. Namely, the UE can try to use 4 FD-OCC to receive DMRS when Rel-18 DMRS port is enabled, and then can try to use 2 FD-OCC to improve channel estimation. However, this 2-step DMRS reception has burden on the UE, and dynamic switching can be used for assistance for accurate channel estimation.
Observation 2: Dynamic switching can be used for the following cases:
· Case 1 that legacy UE and Rel-18 UE are multiplexed within the same CDM group, Rel-18 UE is indicated to use Rel-15 DMRS.
· Case 2 that Rel-18 UE#1 and Rel-18 UE#2 are multiplexed, both Rel-18 UEs are indicated to use Rel-15 DMRS to achieve high reliability.
· Even if it is up to UE implementation which FD-OCC length UE should assume for channel estimation, dynamic switching can be used for assistance for accurate channel estimation.
· Case 3 that Rel-18 UE#1 and Rel-18 UE#2 are multiplexed, both Rel-18 UEs are indicated to use Rel-18 DMRS to achieve high system capacity.
Proposal 7: 1-bit DCI field should be introduced to indicate the dynamic switching between Rel-15 DMRS port and Rel-18 DMRS port.

2.3 Enhance >4 layers SU-MIMO PUSCH
In RAN1#110 meeting, the following agreements were made [2]:
	Agreement
For > 4 layers PUSCH, support new antenna ports tables for rank = 5,6,7,8 for both single-symbol/double-symbol DMRS. 
· For Type 1/Type 2 Rel.15 DMRS ports, new antenna ports tables are the following: 
· 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 Rel.18 eType1/eType2 DMRS ports, 
· New antenna ports tables with new DMRS port combinations are used for rank = 5,6,7,8 (FFS: details). 
· Note: Whether the DMRS port combination allows to use single symbol DMRS for rank = 5,6,7,8 should be checked. 
· FFS: For partial coherent UL codebook, support layers to DMRS port mapping that layers associated to the same antenna port group are multiplexed into the same DMRS CDM group.
· FFS: One or more than one DMRS port combination(s) for each rank and TPMI
· Note: New DMRS port combinations above does not preclude the new antenna ports tables including the current DMRS port combination(s) for PDSCH for rank = 5,6,7,8 in Rel.15-17. 
· FFS: Whether the antenna ports combinations for rank = 5,6,7,8 can be indicated by the reserved entries of existing antenna ports tables for rank =1,2,3,4, if the rank is indicated together with DMRS antenna ports.




Rank indication
As one of FFS points, there are two rank indication schemes as the following:
· Alt 1: Rank is indicated by DMRS port indication field (Antenna port(s) field)
· Alt 2: Rank is indicated by TPMI field (Precoder information and number of layers field)
For Alt 2, when the maximum number of layers is 8, the rank = 1,2,3,4,5,6,7 or 8 is indicated by TPMI field, and then DMRS port field indicates DMRS ports whose number is the same as the indicated number of layers. In our view, Alt 2 has large spec impacts on TPMI field and large DCI overhead due to increasing the information bits of TPMI field. This is because a lot of TPMI indexes for each rank are defined, and the greater the number of selected ranks is increased, the greater the number of combinations between TPMI value and rank is exponentially increased. 
For example, when maxRank = 4 and codebookSubset = fullyAndPartialAndNonCoherent, the number of TPMI indexes for rank 1, 2, 3, and 4 are 28, 22, 7, and 5, respectively. If maxRank = 8, the number of TPMI indexes for each rank is increased (e.g., it is doubled or more due to 2-port partial and 4-port partial), and additional TPMI indexes for rank 5, 6, 7, and 8 are necessary in TPMI field. To avoid this, we support Alt 1.
Proposal 8: For >4 layers PUSCH, rank should be indicated by DMRS port indication field (i.e., Antenna port(s) field).
Mapping rule of DMRS CDM group to antenna port group
We study a FFS: For partial coherent UL codebook, support layers to DMRS port mapping that layers associated to the same antenna port group are multiplexed into the same DMRS CDM group.
For 8Tx, it was agreed that the following antenna layer is assumed:
	Agreement
For 8TX UE, consider the following UE antenna layouts for codebook design,
· For non-coherent UEs, consider linear array (1D/2D) of cross-polarized or single-polarized antenna configuration
· For fully/partial-coherent UEs, consider linear array (1D/2D)
· Where the array is either cross-polarized antenna configuration or single polarized antenna configuration
· Ng>=1 antenna groups can be considered where each group comprises coherent antennas, and across groups, antennas can be non-coherent/coherent depending on device types
· An example of an antenna group is a panel
· Within an antenna group, antenna elements are uniformly spaced. Across different antenna groups, companies to provide details.
· Additional information for definition of antenna layout 
· Based on the number of coherent groups, following exemplary cases can be considered where, within each group, antenna elements are spaced by 0.5λ, and then dG-H, dG-V represent the horizontal and vertical spacings between the centers of adjacent antenna groups, respectively 
· Further down-selection can be done in the next meeting, if needed 
· The shown exemplary placing of antenna groups can be used for evaluation purpose, but the codebook design is not restricted to shown cases. 
· Other antenna layouts for other use cases are not precluded.
· To start companies may report their results according to their preferred layout.


	Case
	Ng
	(M, N, P) per group
	Antenna Layout
	Antenna Pattern/Antenna Element Gain

	1
	1
	(2, 2, 2), 
(1, 4, 2)
	
	· Isotropic (Indoor/Outdoor FWA & Industrial)
·  
8 dBi, 65° HPBW(Outdoor FWA)

	2
	2
	(1, 2, 2)
	
	· Isotropic (Indoor/Outdoor FWA & Industrial)
·  
8 dBi, 65° HPBW(Outdoor FWA) 

	3
	4
	(1, 1, 2)
	

	· Isotropic (Indoor/Outdoor FWA & Industrial)
·  
4 dBi, 110° HPBW(Indoor FWA & Industrial







According to the above agreement, two distances between antenna port groups are defined as  and . These  and  are not limited to . That is, interference between antenna port groups is potentially higher than interference within antenna port group. Therefore, we can accept layers-to-DMRS port mapping that layers associated to the same antenna port group are multiplexed into the same DMRS CDM group for partial coherent UL codebook. However, in our view, this should not preclude that different antenna port groups are multiplexed into the same DMRS CDM group in terms of restriction on antenna port indexing and codebook design in AI 9.1.4.1.
In Figure 1, we show an example case that Ng = 2, antenna port indexing = group 1:{0,1,4,5}, group 2:{2,3,6,7}, and 2Tx UL codebook is reused for partial-coherent 8Tx transmission. In this case, 8 DMRS ports for 8-layer transmission can be indicated in ascending order (i.e., it is the same as legacy indication) such as {0,1,2,3,4,5,6,7} and {0,1,2,3,8,9,10,11} for DMRS configuration Type 1/eType 1.
[image: ]
Figure 1: An example case that Ng = 2, antenna port indexing = {0,1,4,5}, {2,3,6,7} and 2Tx UL codebook is reused for partial-coherent 8Tx transmission.
On the other hand, in Figure 2, we show an example case that Ng = 2, antenna port indexing = group 1: {0,1,2,3}, group 2: {4,5,6,7}, and 4Tx UL codebook is reused for partial-coherent 8Tx transmission. In this case, 8 DMRS ports for 8-layer transmission should be indicated such that DMRS ports within the same CDM group are mapped to the same antenna port group e.g., {0,1,4,5,2,3,6,7} and {0,1,8,9,2,3,10,11} for DMRS configuration Type 1/eType 1.
In AI 9.1.4.1, the antenna port indexing and codebook design for partial-coherent 8Tx transmission are not defined yet. Although we don’t prefer to restrict the antenna port indexing and codebook design, we support at least one DMRS port combination such that DMRS ports within the same CDM group are mapped to the same antenna port group.
[image: ]
Figure 2: An example case that Ng = 2, antenna port indexing = {0,1,2,3}, {4,5,6,7}, and 4Tx UL codebook is reused for partial-coherent 8Tx transmission.

Proposal 9: For >4 layers PUSCH, we support at least one DMRS port combination such that DMRS ports within the same CDM group are mapped to the same antenna port group.

2.4 Enhance DMRS to PTRS mapping for PUSCH
In RAN1#111 meeting, the following agreements was made [2]:
	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







When one PTRS port is configured, one of up to 4 layers (4 DMRS ports) can be selected. Since up to 4 DMRS ports are scheduled in order, (i.e., the order which up to 4 DMRS ports are scheduled is fixed), PTRS-DMRS association field needs to select one of all the scheduled DMRS ports. For Alt 2, all the scheduled DMRS ports are captured in the PTRS-DMRS association table. For this reason, the gNB can indicate one of the scheduled DMRS ports having the highest received power to estimate phase noise precisely. For Alt 1, the gNB can indicate one of the scheduled DMRS ports for the CW with the higher MCS (i.e., higher time density for PTRS). That is, first set or second set of 4 or less DMRS ports is firstly selected among all the scheduled DMRS ports based on the averaged SINR. The higher averaged SINR across 4 or less DMRS ports for a CW, the higher MCS for the CW is selected. However, we think the selected first or second set does not always include the DMRS port with the highest SINR due to averaging. Furthermore, if the DMRS port with the highest SINR is selected for a PTRS port, higher time density is potentially unnecessary. For these reasons, we simply prefer Alt 2.
Proposal 10: Support Alt 2. The size of PTRS-DMRS association field should be 3 bits in DCI format 0_1/0_2.

Conclusion
In this contribution, we have the following proposal:
Proposal 1: When dmrs-Type = eType 1, maxLength = 1, and Number of DMRS CDM group without data = 1, DMRS ports combinations {0}, {1}, {0,1}, {8}, {9}, {8,9} can be removed from the DMRS port indication table.
Proposal 2: When dmrs-Type = eType 1 and maxLength = 1, DMRS ports combinations {0,1,2}, {0,1,2,3}, {0,2}, {8,9,10}, {8,9,10,11}, {8,10}, {9,11} can be removed from the DMRS port indication table.
Proposal 3: When dmrs-Type = eType 1, maxLength = 1, and Number of DMRS CDM group without data = 1, DMRS ports combinations {0,1,8}, {0,1,8,9} can be removed from the DMRS port indication table.
Proposal 4: When dmrs-Type = eType 1 and maxLength = 1, DMRS ports combinations {0,1,2,3,8}, {0,1,2,3,8,10}, {0,1,2,3,8,9,10}, and {0,1,2,3,8,9,10,11} can be supported.
Proposal 5: Support the following DMRS port indication table:
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
	2
	0
	Cat 1
	0
	2
	0,1,2,3,8
	Cat 3

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

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

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

	4
	2
	0,1
	
	4-15
	Reserved
	Reserved
	

	5
	2
	2,3
	
	
	
	
	

	6
	2
	8
	Cat 2
	
	
	
	

	7
	2
	9
	
	
	
	
	

	8
	2
	10
	
	
	
	
	

	9
	2
	11
	
	
	
	
	

	10
	2
	8,9
	
	
	
	
	

	11
	2
	10,11
	
	
	
	
	

	12
	2
	0,1,8
	Cat 3
	
	
	
	

	13
	2
	0,1,8,9
	
	
	
	
	

	14
	2
	2,3,10
	
	
	
	
	

	15
	2
	2,3,10,11
	
	
	
	
	



Proposal 6: Support the following DMRS port indication table:
Table 7.3.1.2.2-1-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
	Notes
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Notes

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

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

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

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

	4
	2
	0,1
	1
	
	
	2
	0,1,4,5,8
	2
	

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

	6
	2
	0
	2
	
	
	2
	0,1,4,5,8,9,12,
	2
	

	7
	2
	1
	2
	
	
	2
	0,1,4,5,8,9,12,13
	2
	

	8
	2
	2
	2
	
	
	2
	2,3,6,7,10
	2
	

	9
	2
	3
	2
	
	
	2
	2,3,6,7,10,11
	2
	

	10
	2
	4
	2
	
	
	2
	2,3,6,7,10,11,14
	2
	

	11
	2
	5
	2
	
	
	2
	2,3,6,7,10,11,14,15
	2
	

	12
	2
	6
	2
	
	
	
	
	
	

	13
	2
	7
	2
	
	
	
	
	
	

	14
	2
	0,1
	2
	
	
	
	
	
	

	15
	2
	2,3
	2
	
	
	
	
	
	

	16
	2
	4,5
	2
	
	
	
	
	
	

	17
	2
	6,7
	2
	
	
	
	
	
	

	18
	2
	0,4
	2
	
	
	
	
	
	

	19
	2
	2,6
	2
	
	
	
	
	
	

	20
	2
	0,1,4
	2
	
	
	
	
	
	

	21
	2
	2,3,6
	2
	
	
	
	
	
	

	22
	2
	0,1,4,5
	2
	
	
	
	
	
	

	23
	2
	2,3,6,7
	2
	
	
	
	
	
	

	24
	2
	8
	1
	Cat 2
	
	
	
	
	

	25
	2
	9
	1
	
	
	
	
	
	

	26
	2
	10
	1
	
	
	
	
	
	

	27
	2
	11
	1
	
	
	
	
	
	

	28
	2
	8,9
	1
	
	
	
	
	
	

	29
	2
	10,11
	1
	
	
	
	
	
	

	30
	2
	8
	2
	
	
	
	
	
	

	31
	2
	9
	2
	
	
	
	
	
	

	32
	2
	10
	2
	
	
	
	
	
	

	33
	2
	11
	2
	
	
	
	
	
	

	34
	2
	12
	2
	
	
	
	
	
	

	35
	2
	13
	2
	
	
	
	
	
	

	36
	2
	14
	2
	
	
	
	
	
	

	37
	2
	15
	2
	
	
	
	
	
	

	38
	2
	8,9
	2
	
	
	
	
	
	

	39
	2
	10,11
	2
	
	
	
	
	
	

	40
	2
	12,13
	2
	
	
	
	
	
	

	41
	2
	14,15
	2
	
	
	
	
	
	

	42
	2
	8,12
	2
	
	
	
	
	
	

	43
	2
	10,14
	2
	
	
	
	
	
	

	44
	2
	8,9,12
	2
	
	
	
	
	
	

	45
	2
	10,11,14
	2
	
	
	
	
	
	

	46
	2
	8,9,12,13
	2
	
	
	
	
	
	

	47
	2
	10,11,14,15
	2
	
	
	
	
	
	

	48
	1
	0,1,8
	1
	Cat 3
	
	
	
	
	

	49
	1
	0,1,8,9
	1
	
	
	
	
	
	

	50
	2 
	0,1,8
	1
	
	
	
	
	
	

	51
	2 
	0,1,8,9
	1
	
	
	
	
	
	

	52
	2 
	2,3,10
	1
	
	
	
	
	
	

	53
	2 
	2,3,10,11
	1
	
	
	
	
	
	

	54-63
	Reserved
	Reserved
	
	
	
	
	
	
	



Proposal 7: 1-bit DCI field should be introduced to indicate the dynamic switching between Rel-15 DMRS port and Rel-18 DMRS port.
Proposal 8: For >4 layers PUSCH, rank should be indicated by DMRS port indication field (i.e., Antenna port(s) field).
Proposal 9: For >4 layers PUSCH, we support at least one DMRS port combination such that DMRS ports within the same CDM group are mapped to the same antenna port group.
Proposal 10: Support Alt 2. The size of PTRS-DMRS association field should be 3 bits in DCI format 0_1/0_2.
Observation 1: Dynamic switching between Rel-15 DMRS port and Rel-18 DMRS port can be used for switching SU-MIMO and MU-MIMO.
Observation 2: Dynamic switching can be used for the following cases:
· Case 1 that legacy UE and Rel-18 UE are multiplexed within the same CDM group, Rel-18 UE is indicated to use Rel-15 DMRS.
· Case 2 that Rel-18 UE#1 and Rel-18 UE#2 are multiplexed, both Rel-18 UEs are indicated to use Rel-15 DMRS to achieve high reliability.
· Even if it is up to UE implementation which FD-OCC length UE should assume for channel estimation, dynamic switching can be used for assistance for accurate channel estimation.
· Case 3 that Rel-18 UE#1 and Rel-18 UE#2 are multiplexed, both Rel-18 UEs are indicated to use Rel-18 DMRS to achieve high system capacity.
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