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Discussion
· DMRS locations for PDSCH/PUSCH smaller than the current specified durations
In section 6.4.1.1 and 7.4.1.1 of the current TS 38.211 [1], the position(s) of the DM-RS symbols is described as follows:

The position(s) of the DM-RS symbols is given by  and the duration of the PUSCH transmission in symbols according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4. The case UL-DMRS-add-pos equal to 3 is only supported when UL-DMRS-typeA-pos is equal to 2.

Table 6.4.1.1.3-3: PUSCH DM-RS positions  for single-symbol DM-RS.
	 PUSCH duration in symbols
	
DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	DL-DMRS-add-pos
	DL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤7
	

	-
	-
	-
	0
	0, 4
	-
	-

	8
	

	-
	-
	-
	0
	0, 6
	0, 3, 6
	-

	9
	

	
, 7
	-
	-
	0
	0, 6
	0, 3, 6
	-

	10
	

	
, 9
	
, 6, 9
	-
	0
	0, 8
	0, 4, 8
	0, 3, 6, 9

	11
	

	
, 9
	
, 6, 9
	-
	0
	0, 8
	0, 4, 8
	0, 3, 6, 9

	12
	

	
, 9
	
, 6, 9
	
, 5, 8, 11
	0
	0, 10
	0, 5, 10
	0, 3, 6, 9

	13
	

	
, 11
	
, 7, 11
	
, 5, 8, 11
	0
	0, 10
	0, 5, 10
	0, 3, 6, 9

	14
	

	
, 11
	
, 7, 11
	
, 5, 8, 11
	-
	-
	-
	-




Table 6.4.1.1.3-4: PUSCH DM-RS positions  for double-symbol DM-RS.
	[bookmark: _Hlk498007820]PUSCH duration in symbols
	
DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	DL-DMRS-add-pos
	DL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤7
	

	-
	
	
	0
	-
	
	

	8
	

	-
	
	
	0
	0, 5
	
	

	9
	

	-
	
	
	0
	0, 5
	
	

	10
	

	
, 8
	
	
	0
	0, 7
	
	

	11
	

	
, 8
	
	
	0
	0, 7
	
	

	12
	

	
, 8
	
	
	0
	0, 9
	
	

	13
	

	
, 10
	
	
	0
	
	
	

	14
	

	
, 10
	
	
	-
	-
	
	




The position(s) of the DM-RS symbols is given by  and the last OFDM symbol used for PDSCH in the slot according to Tables 7.4.1.1.2-3 and 7.4.1.1.2-4. The case DL-DMRS-add-pos equal to 3 is only supported when DL-DMRS-typeA-pos is equal to 2. 

Table 7.4.1.1.2-3: PDSCH DM-RS positions  for single-symbol DM-RS.
	Duration of PDSCH transmission
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

	
	DL-DMRS-add-pos
	DL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤6
	

	-
	-
	-
	

	
	
	

	7
	

	-
	-
	-
	

	

	
	

	8
	

	-
	-
	-
	

	
	
	

	9
	

	
,7
	-
	-
	

	
	
	

	10
	

	
,9
	
, 6, 9
	-
	

	
	
	

	11
	

	
,9
	
, 6, 9
	-
	

	
	
	

	12
	

	
9
	
, 6, 9
	
, 5, 8, 11
	

	
	
	

	13
	

	
,11
	
, 7, 11
	
, 5, 8, 11
	

	
	
	

	14
	

	
,11
	
, 7, 11
	
, 5, 8, 11
	

	
	
	




Table 7.4.1.1.2-4: PDSCH DM-RS positions  for double-symbol DM-RS.
	Duration of PDSCH transmission
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

	
	DL-DMRS-add-pos
	DL-DMRS-add-pos

	
	0
	1
	2
	0
	1
	2

	≤8
	

	-
	
	

	
	

	8
	

	-
	
	

	
	

	9
	

	-
	
	

	
	

	10
	

	
, 8
	
	

	
	

	11
	

	
, 8
	
	

	
	

	12
	

	
, 8
	
	

	
	

	13
	

	
, 10
	
	

	
	

	14
	

	
, 10
	
	

	
	



[bookmark: _GoBack]From the above, the scheduling restriction due to semi-statically configured DL-DMRS-add-pos is expected because the supported duration of PDSCH/PUSCH transmission is different according to DL-DMRS-add-pos. For example, duration of PDSCH transmission less than 12 can’t be scheduled to the UE(s) configured with DL-DMRS-add-pos of 3.
Actually, this issue was discussed in the previous RAN1 #91 meeting and email discussion [91-NR-12]. However, there was no technical decision and we agreed on further discussion about the DMRS locations for PDSCH/PUSCH smaller than the current specified durations. To resolve the described issue, three alternatives were considered as following:
· Alt. 1: The UE does not expect to be scheduled to duration of PDSCH/PUSCH less than minimum supported value that is defined for semi-statically configured DL-DMRS-add-pos.
· Alt. 2: If the UE has been configured with DL-DMRS-add-pos=X, the UE can expect that the minimum PDSCH/PUSCH duration is the minimum supported PDSCH/PUSCH duration defined for DL-DMRS-add-pos=X-1. If the scheduled duration of PDSCH/PUSCH is less than the minimum supported value defined for semi-statically configured DL-DMRS-add-pos X, the number of DMRS for DL-DMRS-add-pos=X-1 is transmitted on the specified location.
· Alt. 3: If the scheduled duration of PDSCH/PUSCH is less than the minimum supported value defined for semi-statically configured DL-DMRS-add-pos, the maximum number of DMRS that can be supported for the scheduled duration of PDSCH/PUSCH is transmitted on the specified location.
Regarding Alt. 1 and Alt. 2, these can’t resolve scheduling restriction on the duration of PDSCH/PUSCH. Dynamic scheduling flexibility is one of the most important feature for NR system, so that higher scheduling flexibility should be supported. Alt. 3 can provide higher scheduling flexibility and this does not have UE complexity issue. This is because it just reuses agreed patterns, and needs dynamic switching between that patterns based on data region. One issue mentioned in the last email discussion [91-NR-12] is CQI mismatch due to the difference between actually transmitted DMRS pattern and semi-statically configured DMRS pattern. In our view, the reported CQI is just recommendation from an UE. So, it is up to gNB whether to schedule data region and DMRS pattern similar with one assumed in CQI calculation or different data region and DMRS pattern. gNB should be able to schedule different data region and DMRS pattern for higher scheduling flexibility. In that case, transport block size that has similar efficiency with the reported CQI can be calculated based on the scheduled data region and DMRS pattern. For the robust data transmission, gNB can use the MCS value that has relatively lower efficiency than the reported CQI.

Proposal #1: If the scheduled duration of PDSCH/PUSCH is less than the minimum supported value defined for semi-statically configured DL-DMRS-add-pos, the maximum number of DMRS that can be supported for the scheduled duration of PDSCH/PUSCH is transmitted on the specified location.

· DMRS table configuration for Type II DMRS
In section 7.3.1.2.2 of the current TS 38.212 [2], DCI field for DMRS port(s) indication is described as follows:
Antenna port(s) – 4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0,1,2} respectively.
DCI bit size depends on both DMRS configuration type(DL-DMRS-config-type) and the number of front-load DMRS symbols(DL-DMRS-max-len). Each DCI bit size is as follows:
1.	4 bits, DL-DMRS-config-type=1, DL-DMRS-max-len=1
2.	5 bits, DL-DMRS-config-type=1, DL-DMRS-max-len=2
3.	5 bits, DL-DMRS-config-type=2, DL-DMRS-max-len=1
4.	6 bits, DL-DMRS-config-type=2, DL-DMRS-max-len=2
Regarding DMRS port tables, DMRS port table restriction and subset selection for DCI overhead reduction were discussed in the previous RAN1 #91 meeting. However, these was no consensus on introducing new RRC parameter(s) for DCI overhead reduction. This was because we already can control DCI field size for DMRS port table via the number of front-load DMRS symbols, i.e., DL-DMRS-max-len. For example, the DCI field requires 5 bits for the case of DL-DMRS-max-len=2 and 4 bits for the case of DL-DMRS-max-len=1, when DL-DMRS-config-type is configured to 1. In other words, 1 bit DCI size can be controlled through the number of front-load DMRS symbols for both Type I and Type II.
Compared to Type I DMRS port table size, Type II DMRS port table size is 1 bit larger. In order to reduce Type II DMRS port table size further, we can consider reusing Type I DMRS port table for Type II DMRS port indication. In this case, since Type I DMRS port table is a subset of Type II DMRS table, CDM group 2 cannot be used in Type II DMRS but DCI payload can be 4 bits for Type II DMRS port table when DL-DMRS-max-len=1. Table 1 shows Type I DMRS port table for DL-DMRS-max-len=1. Table 1 can be also used directly as DMRS port table for Type II, i.e., DL-DMRS-config-type=2. In this case, antenna ports in CDM group 2, i.e., 1004 and 1005, aren’t used and physical resources for CDM group 2 can be used for data transmission.
Table 1. Antenna port(s) (1000 + DMRS port), DL-DMRS-config-type=1, DL-DMRS-max-len=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	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

	12-15
	Reserved
	Reserved



Proposal #2: To reduce DCI payload for Type II DMRS port indication, DMRS port table for DL-DMRS-config-type=1, DL-DMRS-max-len=1 is additionally used for DL-DMRS-config-type=2, DL-DMRS-max-len=1.

However, in the case of 2 symbol front-load DMRS, some modifications are needed to maintain original intension of Type I DMRS port table. The problem is that antenna port indices included in the same CDM group are different according to DMRS Type. For example, in case of Type I, antenna ports in CDM group 0 are 1000, 1001, 1004 and 1005. On the other hand, in case of Type II, antenna ports in CDM group 0 are 1000, 1001, 1006 and 1007. As a result, in order to maintain original intension of Type I DMRS port table, antenna indices in the DMRS port table should be modified as follows:
1004, 1005, 1006, 1007  1006, 1007, 1008, 1009
Table 2 shows modification of Table 7.3.1.2.2-2 in [2] for Type II DMRS port table. Red color states in Table 2 are modified states to maintain original intention. Antenna ports in CDM group 2, i.e., 1004, 1005, 1010 and 1011, aren’t used and physical resources for CDM group 2 can be used for data transmission. As a result, DMRS port table for Type I, i.e., Table 7.3.1.2.2-2 in [2], can be reused for Type II with some modifications. In this case, RS overhead as well as DCI overhead can be reduced. 
Table 2. Antenna port(s) (1000 + DMRS port), DL-DMRS-config-type=2, DL-DMRS-max-len=2, for DCI/RS overhead reduction
	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
	0,1,2,3,6
	2

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

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

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

	4
	2
	1
	1
	4-31
	reserved
	reserved
	reserved

	5
	2
	2
	1
	
	
	
	

	6
	2
	3
	1
	
	
	
	

	7
	2
	0,1
	1
	
	
	
	

	8
	2
	2,3
	1
	
	
	
	

	9
	2
	0-2
	1
	
	
	
	

	10
	2
	0-3
	1
	
	
	
	

	11
	2
	0,2
	1
	
	
	
	

	12
	2
	0
	2
	
	
	
	

	13
	2
	1
	2
	
	
	
	

	14
	2
	2
	2
	
	
	
	

	15
	2
	3
	2
	
	
	
	

	16
	2
	6
	2
	
	
	
	

	17
	2
	7
	2
	
	
	
	

	18
	2
	8
	2
	
	
	
	

	19
	2
	9
	2
	
	
	
	

	20
	2
	0,1
	2
	
	
	
	

	21
	2
	2,3
	2
	
	
	
	

	22
	2
	6,7
	2
	
	
	
	

	23
	2
	8,9
	2
	
	
	
	

	24
	2
	0,6
	2
	
	
	
	

	25
	2
	2,8
	2
	
	
	
	

	26
	2
	0,1,6
	2
	
	
	
	

	27
	2
	2,3,8
	2
	
	
	
	

	28
	2
	0,1,6,7
	2
	
	
	
	

	29
	2
	2,3,8,9
	2
	
	
	
	

	30
	2
	0,2,6,8
	2
	
	
	
	

	31
	Reserved
	Reserved
	Reserved
	
	
	
	



Proposal #3: To reduce DCI payload for Type II DMRS port indication, DMRS port table for DL-DMRS-config-type=1, DL-DMRS-max-len=2 is additionally used for DL-DMRS-config-type=2, DL-DMRS-max-len=2 with some modification.

Conclusion
In this contribution, we discuss on remaining issues on DMRS location and DMRS table configuration and propose the following based on the discussion.
Proposal #1: If the scheduled duration of PDSCH/PUSCH is less than the minimum supported value defined for semi-statically configured DL-DMRS-add-pos, the maximum number of DMRS that can be supported for the scheduled duration of PDSCH/PUSCH is transmitted on the specified location.
Proposal #2: To reduce DCI payload for Type II DMRS port indication, DMRS port table for DL-DMRS-config-type=1, DL-DMRS-max-len=1 is additionally used for DL-DMRS-config-type=2, DL-DMRS-max-len=1.
Proposal #3: To reduce DCI payload for Type II DMRS port indication, DMRS port table for DL-DMRS-config-type=1, DL-DMRS-max-len=2 is additionally used for DL-DMRS-config-type=2, DL-DMRS-max-len=2 with some modification.
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