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1. Introduction

After RAN#91 meeting, there was an email discussion on remaining issues for NR DMRS, and several agreements are captured in Rel-15 Dec. specifications. However, some of remaining issues are still alive as below.
Remaining issues after Rel-15 Dec. specifications from agreements on email discussion
- Agreement 1:

▫ Discuss further after the Rel-15 Dec. specifications the DMRS locations for PDSCH/PUSCH smaller than the current specified durations.
- Agreement 8:

▫ Update the agreement related to the entries of the DMRS port tables in RAN1#91
▪ by including the following max 2-symbol tables
▫ Discuss further after the Rel-15 Dec. specifications the addition of new entries, e.g., {7,9,11} for config-2 max 2-symbol 1 CW, the {1,5}, {3,7} for config-1 max 1-symbol, 1 CW, {0} SU-MIMO.
Max 2-symbol front-load, Config-1, 1-CW
	Index
	DMRS port ID (+1000)
	# CDM group(s) without data
	Front-load symbol

	0
	0
	1
	1

	1
	0
	2
	1

	2
	１
	1
	1

	3
	1
	2
	1

	4
	2
	2
	1

	5
	3
	2
	1

	6
	0,1
	1
	1

	7
	0,1
	2
	1

	8
	2,3
	2
	1

	9
	0,2
	2
	1

	10
	0,1,2
	2
	1

	11
	0,1,2,3
	2
	1

	12
	0
	2
	2

	13
	1
	2
	2

	14
	2
	2
	2

	15
	3
	2
	2

	16
	4
	2
	2

	17
	5
	2
	2

	18
	6
	2
	2

	19
	7
	2
	2

	20
	0,1
	2
	2

	21
	2,3
	2
	2

	22
	4,5
	2
	2

	23
	6,7
	2
	2

	24
	0,4
	2
	2

	25
	2,6
	2
	2

	26
	0,1,4
	2
	2

	27
	2,3,6
	2
	2

	28
	0,1,4,5
	2
	2

	29
	2,3,6,7
	2
	2

	30
	0,4,2,6
	2
	2

	31
	Reserved
	reserved
	Reserved


Max 2-symbol front-load, Config-1, 2-CW
	Index
	DMRS port ID (+1000)
	# CDM group(s) without data
	Front-load symbol

	
	0,1,2,3,4
	2
	2

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

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

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


Max 2-symbol front-load, Config-2, 1-CW
	Index
	DMRS port ID (+1000)
	# CDM group(s) without data
	Front-load symbol

	0
	0
	1
	1

	1
	1
	1
	1

	2
	0,1
	1
	1

	3
	0
	2
	1

	4
	1
	2
	1

	5
	2
	2
	1

	6
	3
	2
	1

	7
	0,1
	2
	1

	8
	2,3
	2
	1

	9
	0-2
	2
	1

	10
	0-3
	2
	1

	11
	0
	3
	1

	12
	1
	3
	1

	13
	2
	3
	1

	14
	3
	3
	1

	15
	4
	3
	1

	16
	5
	3
	1

	17
	0,1
	3
	1

	18
	2,3
	3
	1

	19
	4,5
	3
	1

	20
	0-2
	3
	1

	21
	3-5
	3
	1

	22
	0-3
	3
	1

	23
	0,2
	2
	1

	24
	0
	3
	2

	25
	1
	3
	2

	26
	2
	3
	2

	27
	3
	3
	2

	28
	4
	3
	2

	29
	5
	3
	2

	30
	6
	3
	2

	31
	7
	3
	2

	32
	8
	3
	2

	33
	9
	3
	2

	34
	10
	3
	2

	35
	11
	3
	2

	36
	0,1
	3
	2

	37
	2,3
	3
	2

	38
	4,5
	3
	2

	39
	6,7
	3
	2

	40
	8,9
	3
	2

	41
	10,11
	3
	2

	42
	0,1,6
	3
	2

	43
	2,3,8
	3
	2

	44
	4,5,10
	3
	2

	45
	0,1,6,7
	3
	2

	46
	2,3,8,9
	3
	2

	47
	4,5,10,11
	3
	2

	48
	0
	1
	2

	49
	1
	1
	2

	50
	6
	1
	2

	51
	7
	1
	2

	52
	0,1
	1
	2

	53
	6,7
	1
	2

	54
	0,1
	2
	2

	55
	2,3
	2
	2

	56
	6,7
	2
	2

	57
	8,9
	2
	2

	58-63
	Reserved
	Reserved
	reserved


Max 2-symbol front-load, Config-2, 2-CW
	Index
	DMRS port ID (+1000)
	# CDM group(s) without data
	Front-load symbol

	
	0,1,2,3,4
	3
	1

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

	
	0,1,2,3,6
	2
	2

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

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

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


In this contribution, we will discuss remaining details on DMRS for NR after Rel-15 Dec. specifications based on above agreements, and provide our views.

2. Remain details on DMRS for NR after Rel-15 Dec. specifications
DMRS locations for PDSCH/PUSCH smaller than the current specified durations
For slot-based transmission, when the number of PDSCH/PUSCH symbols is less than the smallest value defined for given number of RRC configured additional DMRS symbol(s), there were 3 alternatives based on the offline discussion at RAN#91 meeting as below.
- Alt. 1: The UE does not expect to be configured with such scenario. 

- Alt. 2: If the UE has been configured with X additional DMRS, if the PDSCH/PUSCH size is smaller than the minimum size which has been specified, then a DMRS pattern with X-1 additional DMRS will be used. The UE does not expect to be configured with any other scenario.

- Alt. 3: The number of additional DMRS is determined to be the maximum number of additional DMRS, which the PDSCH/PUSCH region supports based on the agreements until now.

For example with 1-symbol front-load with three additional DMRS, above three alternatives can be as below.

- Alt. 1: The UE does not expect PDSCH/PUSCH to end earlier than the 12th symbol

- Alt. 2: If the PDSCH/PUSCH ends in the 10th or 11th symbol, the already agreed patterns with two additional DMRS are used

- Alt. 3: The number of additional DMRS is determined to be the maximum number of additional DMRS, which the PDSCH region supports based on the agreements until now.

Among 3 alternatives, our preference is Alt. 1. Alt. 2 is also OK because it is compromised option between Alt. 1 and Alt. 3 with harmonization of complexity and flexibility.

However, Alt. 3 could be not good choice due to complexity. Furthermore, it could cause confusion on CQI calculation from difference between the actual number of DMRS symbols and the number of semi-statically configured DMRS symbols.
Proposal 1:
For DMRS locations for PDSCH/PUSCH smaller than the current specified durations, Alt. 1 or Alt. 2 should be adopted.
Entries of the DMRS port tables 
During the email discussion after RAN#91 meeting, following 3 additional new entries are considered after the Rel-15 Dec. specifications for entries of the DMRS port tables.
1. the entries {1,5} and {3,7} for the case of Max. 2-symbol front-load, Config.-1 and 1-CW
2. the entry {0} for SU-MIMO
3. the entry {7,9,11} for the case of Max. 2-symbol front-load, Config.-2 and 1-CW
The entries {1,5} and {3,7} for the case of Max. 2-symbol front-load, Config.-1 and 1-CW
For the entries {1,5} and {3,7}, adding these new entries is not our preference. There is no big reason to increase total entries up to 6 bits for Config.-1 to make it same to the for Config.-2. Because there is no clear benefits on adding the entries, combinations of existing entries could be enough for MU-MIMO operations with Config.-1.
The entry {0} for SU-MIMO
As already mentioned by other companies during the e-mail discussion, for the entry {0}, adding this new entry is not our preference. Before RRC configuration, there is no need to add this new entry because port-0 without co-scheduled orthogonal port (SU-MIMO operation) is fixed configuration. For more than 1 rank (rank-2/3/4), 2 orthogonal layers by CDM is fully occupied on 1-symbol for MU-MIMO with Config.-1. Therefore, there is no co-scheduled orthogonal layers on the 1-symbol. For rank-1, there is no restriction that it is used only for SU-MIMO or MU-MIMO. It is just based on gNodeB scheduling as LTE, and there are no big reason add port-0 for SU-MIMO only.
The entry {7,9,11} for the case of Max. 2-symbol front-load, Config.-2 and 1-CW
For the entry {7,9,11}, adding these new entries is our preference. For 3 layers transmission with Max. 2-symbol front-load, Config.-2 and 1-CW, the entries {0,1,6}, {2,3,8} and {4,5,10} are already captured. To support up to 12 layers, all other combinations are possible with 1, 2 and/or 4 layers transmissions by existing entries. However, total 12 layers transmission with 3 layers transmission for each UE is not. Therefore, if want to enable above transmission case, entry {7,9,11} should be introduced.
Proposal 2:
For following new entries of the DMRS port tables, the entries {1,5}, {3,7}, {0} could be no need to add, but the entry {7,9,11} could be added.

- the entries {1,5} and {3,7} for the case of Max. 2-symbol front-load, Config.-1 and 1-CW

- the entry {0} for SU-MIMO
- the entry {7,9,11} for the case of Max. 2-symbol front-load, Config.-2 and 1-CW

3. Conclusion

In this contribution, we discussed remaining details on DMRS for NR after Rel-15 Dec. specifications, and provide our views with following our proposal.
Proposal 1:
For DMRS locations for PDSCH/PUSCH smaller than the current specified durations, Alt. 1 or Alt. 2 should be adopted.
Proposal 2:
For following new entries of the DMRS port tables, the entries {1,5}, {3,7}, {0} could be no need to add, but the entry {7,9,11} could be added.

- the entries {1,5} and {3,7} for the case of Max. 2-symbol front-load, Config.-1 and 1-CW

- the entry {0} for SU-MIMO
- the entry {7,9,11} for the case of Max. 2-symbol front-load, Config.-2 and 1-CW
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