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1	Introduction
The DMRS enhancement for Rel-18 made good progress on RAN1#114 meeting with a few remaining issues, one of these issues is the PUSCH antenna port indication tables.  
[bookmark: _Ref178064866]2	Discussion
2.1 Antenna ports indication tables for PUSCH
The agreed PUSCH antenna port tables for eType1 are listed below [1], where yellow highlighted rows are rows for further study.  
eType1, maxLength1
Table 7.3.1.1.2-38: 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 7.3.1.1.2-39: 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
	9,11

	8-15
	Reserved
	Reserved



Table 7.3.1.1.2--40: 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--41: 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



Table 7.3.1.1.2--42: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, 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
	
	

	…
	
	

	15
	
	



Table 7.3.1.1.2--43: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

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

	1
	
	

	2
	
	

	3
	
	

	…
	
	

	15
	
	



Table 7.3.1.1.2--44: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, 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
	
	

	3
	
	

	…
	
	

	15
	
	



Table 7.3.1.1.2--45: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, 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
	
	

	2
	
	

	3
	
	

	…
	
	

	15
	
	



eType1, maxLength2
Table 7.3.1.1.2-46: Antenna port(s), transform precoder is disabled, dmrs-Type=eType1, maxLength=2, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1

	1
	1
	1
	1

	2
	2
	0
	1

	3
	2
	1
	1

	4
	2
	2
	1

	5
	2
	3
	1

	6
	2
	0
	2

	7
	2
	1
	2

	8
	2
	2
	2

	9
	2
	3
	2

	10
	2
	4
	2

	11
	2
	5
	2

	12
	2
	6
	2

	13
	2
	7
	2

	14
	1
	8
	1

	15
	1
	9
	1

	16
	2
	8
	1

	17
	2
	9
	1

	18
	2
	10
	1

	19
	2
	11
	1

	20
	2
	8
	2

	21
	2
	9
	2

	22
	2
	10
	2

	23
	2
	11
	2

	24
	2
	12
	2

	25
	2
	13
	2

	26
	2
	14
	2

	27
	2
	15
	2

	28
	1
	0
	2

	29
	1
	1
	2

	30
	1
	8
	2

	31
	1
	9
	2



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

	0
	1
	0,1
	1

	1
	2
	0,1
	1

	2
	2
	2,3
	1

	3
	2
	0,2
	1

	4
	2
	0,1
	2

	5
	2
	2,3
	2

	6
	2
	4,5
	2

	7
	2
	6,7
	2

	8
	2
	0,4
	2

	9
	2
	2,6
	2

	10
	1
	8,9
	1

	11
	2
	8,9
	1

	12
	2
	10,11
	1

	[13
	2
	8,10
	1]

	14
	2
	8,9
	2

	15
	2
	10,11
	2

	16
	2
	12,13
	2

	17
	2
	14,15
	2

	[18
	2
	8,12
	2]

	[19
	2
	10,14
	2]

	20
	2
	9,11
	1

	[21
	2
	1,3
	1]

	[22
	2
	0,2
	2]

	[23
	2
	1,3
	2]

	[24
	2
	4,6
	2]

	[25
	2
	5,7
	2]

	[26
	2
	8,10
	2]

	[27
	2
	9,11
	2]

	[28
	2
	12,14
	2]

	[29
	2
	13,15
	2]

	30
	1
	0,1
	2

	31
	1
	8,9
	2

	32
	1
	4,5
	2

	33
	1
	12,13
	2



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

	0
	2
	0-2
	1

	1
	2
	0,1,4
	2

	2
	2
	2,3,6
	2

	[3
	2
	8-10
	1]

	[4
	2
	8,9,12
	2]

	[5
	2
	10,11,14
	2]

	6
	1
	0,1,8
	1

	7
	2
	0,1,8
	1

	8
	2
	2,3,10
	1

	[9
	1
	0,1,8
	2]

	[10
	1
	4,5,12
	2]

	[11
	2
	0,1,8
	2]

	[12
	2
	4,5,12
	2]

	[13
	2
	2,3,10
	2]

	[14
	2
	6,7,14
	2]

	15
	2
	5,8,9
	2

	16
	2
	7,10,11
	2

	17
	2
	7,12,13
	2

	18-31
	Reserved
	Reserved
	Reserved



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

	0
	2
	0-3
	1

	1
	2
	0,1,4,5
	2

	2
	2
	2,3,6,7
	2

	3
	2
	0,2,4,6
	2

	[4
	2
	8-11
	1]

	5
	2
	8,9,12,13
	2

	6
	2
	10,11,14,15
	2

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

	8
	1
	0,1,8,9
	1

	9
	2
	0,1,8,9
	1

	10
	2
	2,3,10,11
	1

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

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

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

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

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

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

	17-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-15-50: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-4
	2

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

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

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

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
	
	
	

	13
	
	
	

	14
	
	
	

	15
	
	
	

	…
	
	
	

	31
	
	
	



Table 7.3.1.1.2-15-51: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,4,6
	2

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

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

	3
	2
	0,1,4,5,8,12
	2

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
	
	
	

	13
	
	
	

	14
	
	
	

	15
	
	
	

	…
	
	
	

	31
	
	
	



Table 7.3.1.1.2-15-52: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

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

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

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

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

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
	
	
	

	13
	
	
	

	14
	
	
	

	15
	
	
	

	…
	
	
	

	31
	
	
	



Table 7.3.1.1.2-15-53: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

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

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

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

	3
	2
	0,1,4,5,8,9,12,13
	2

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
	
	
	

	13
	
	
	

	14
	
	
	

	15
	
	
	

	…
	
	
	

	31
	
	
	





According to early agreement, combinations supported for PDSCH are also supported for PUSCH. 
[112bis-e] Agreement
For > 4 layers PUSCH with Rel.18 eType 1/eType 2 DMRS ports, support at least the same DMRS port combination(s) as that for rank = 5,6,7,8 for PDSCH with Rel.18 eType 1/eType 2 DMRS ports at least for full or non-coherent UL codebook based PUSCH and non-codebook based PUSCH.

Because of this dependency, decisions for PUSCH table were postponed because PDSCH table is more controversial and need to be decided first. The PUSCH tables shall enable flexible MU-MIMO and SU-MIMO scheduling in the uplink, facilitate good performance under different channel conditions and MU-MIMO pairing options. Supporting many antenna ports combinations for PUSCH requires very low UE implementation effort, more effort from network side, however the network can always decide which combinations to use according to its capability and needs. With the understanding that PUSCH table is more affordable and shall be much more flexible than PDSCH table, we share our views on needed rows for PUSCH eType1 DMRS tables. 
The row indexes in the following discussion refer to the row indexes in the above tables. 
2.1.1 eType1, maxLength = 2, rank = 1-4
For eType1, maxLength = 2, rank = 2-4 PUSCH tables, many of the yellow highlight (FFS) combinations shall be supported to allow flexible network scheduling and ensure the MU-MIMO performance in the uplink. For rank 3 table, we observe that row 3 can be co-scheduled with row 0, and a better way to separate row 3 scheduled UE with the channel of row 0 scheduled UE is to use antenna ports 9-11 instead of 8-10. Similarly for rank 4 table, row 7 can be modified as (1, 3, 5, 7) to get better channel estimation separation from row 3 (0, 2, 4, 6).  
Here’s what we propose for rank 2-4 tables.
[bookmark: _Toc146870913]For the antenna ports tables for Rel.18 eType1 DMRS ports with maxLength = 2 for PUSCH rank 2-4, 
a. [bookmark: _Toc146870914]For rank 2 table: support row 21-29, remove row 13, 18, 19
b. [bookmark: _Toc146870915]For rank 3 table: support row 3-5, row 11-14 with following modification of row 3 
c. [bookmark: _Toc146870916]For rank 4 table: support row 4, row 7, row 11-16, with following modification of row 7 

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

	3
	2
	9-11 8-10
	2]



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

	7
	2
	1,3,5,7 8,10,12,14
	2




We observe another issue with rank 1 table for the newly added rows 28-31, that the benefits of TD-OCC property to separate the antenna ports {0}, {1}, {8}, {9} can be achieved as these ports are using the same TD-OCC code. Either {0}, {1}, {4}, {5} or {8}, {9}, {12}, {13} would work better for channels with large delay spread.
[bookmark: _Toc146870917]For the antenna ports tables for Rel.18 eType1 DMRS ports with maxLength = 2 for PUSCH rank 1, update row 30, 31 with following modification. 

[bookmark: _Toc146870918]Table 7.3.1.1.2-47: 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

	30
	1
	4 9
	2

	31
	1
	5 10
	2





2.1.2 eType1, rank = 5-8

If we consider the PUSCH rank1-4 tables are slightly postponed because of its dependency on PDSCH tables, the rank 5-8 tables are even more delayed. The PDSCH tables with rank>4 are settled on RAN1#114 meeting, with those tables finally in place it is time to determine the PUSCH rank>4 tables. Note that in downlink the antenna ports combinations are limited by UE capability of supported number of layers and codewords, hence the PDSCH DMRS antenna port table includes only restricted set of combinations:
· for maxLength = 1 only one antenna ports combination is supported for each rank, with all combinations use antenna port 0;
· for maxLength = 2 all combinations using antenna ports from first CDM group. 
In NR antenna port 0 is the default port used for fallback DCI. If we only reuse combinations of PDSCH for PUSCH, antenna port 0 is always used when rank>4. It means network can never co-schedule a high rank PUSCH with a UE using fallback DCI. This largely limits the scheduling flexibility. New combination using other antenna ports than 0 shall be supported for maxLength=1 rank 5-7.
[bookmark: _Toc146870919]For the antenna ports tables for Rel.18 eType1 DMRS ports with maxLength = 1 for PUSCH rank 5-8, in addition support following rows:
d. [bookmark: _Toc146870920]For rank 5 table support DMRS ports (2,3,9,10,11)
e. [bookmark: _Toc146870921]For rank 6 table support DMRS ports (2,3,8,9,10,11)
f. [bookmark: _Toc146870922]For rank 7 table support DMRS ports (1,2,3,8,9,10,11)

For eType1 DMRS ports with maxLength = 2, the rank > 4 tables contain only antenna ports from the first CDM group. Combinations of antenna ports from second CDM group only shall be supported to improve the uplink capacity and performance. New combinations for PUSCH using second CDM group are therefore proposed below to be added for rank 5-8 tables.
[bookmark: _Toc146870923]For the antenna ports tables for Rel.18 eType1 DMRS ports with maxLength = 2 for PUSCH rank 5-8, in addition support following rows:
g. [bookmark: _Toc146870924]For rank 5 table: support DMRS ports (2,3,6,7,10) with 2 front-load symbols
h. [bookmark: _Toc146870925]For rank 6 table: support DMRS ports (2,3,6,7,10, 14) with 2 front-load symbols
i. [bookmark: _Toc146870926]For rank 7 table: support DMRS ports (2,3,6,7,10,11,14) with 2 front-load symbols
j. [bookmark: _Toc146870927]For rank 8 table: support DMRS ports (2,3,6,7,10,11,14,15) with 2 front-load symbols




Conclusion

Based on the discussion in the previous sections we propose the following:
 
Proposal 1	For the antenna ports tables for Rel.18 eType1 DMRS ports with maxLength = 2 for PUSCH rank 2-4,
a.	For rank 2 table: support row 21-29, remove row 13, 18, 19
b.	For rank 3 table: support row 3-5, row 11-14 with following modification of row 3
c.	For rank 4 table: support row 4, row 7, row 11-16, with following modification of row 7
Proposal 2	For the antenna ports tables for Rel.18 eType1 DMRS ports with maxLength = 2 for PUSCH rank 1, update row 30, 31 as following table.
Table 7.3.1.1.2-47: Antenna port(s), transform precoder is disabled, dmrs-Type=eType1, maxLength=2, rank = 1
Proposal 3	For the antenna ports tables for Rel.18 eType1 DMRS ports with maxLength = 1 for PUSCH rank 5-8, in addition support following rows:
a.	For rank 5 table support DMRS ports (2,3,9,10,11)
b.	For rank 6 table support DMRS ports (2,3,8,9,10,11)
c.	For rank 7 table support DMRS ports (1,2,3,8,9,10,11)
Proposal 4	For the antenna ports tables for Rel.18 eType1 DMRS ports with maxLength = 2 for PUSCH rank 5-8, in addition support following rows:
a.	For rank 5 table: support DMRS ports (2,3,6,7,10) with 2 front-load symbols
b.	For rank 6 table: support DMRS ports (2,3,6,7,10, 14) with 2 front-load symbols
c.	For rank 7 table: support DMRS ports (2,3,6,7,10,11,14) with 2 front-load symbols
d.	For rank 8 table: support DMRS ports (2,3,6,7,10,11,14,15) with 2 front-load symbols
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