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1. Introduction
At the RAN1#91 meeting, we have reached the following agreements concerning DM-RS discussion [1]:
	Agreement
The PDSCH (PUSCH)/DMRS EPRE ratio is defined per transmitted layer from UE perspective and is computed as

That is:
0 and -3 dB for DMRS config-1, when one and zero CDM group(s) have data respectively 
0, -3 and -4.77 dB for DMRS config-2, when two or one or zero CDM group(s) have data respectively
Agreement
For PUSCH with a hop, support also the first DMRS of the 1st hop to be located on 3rd or 4th symbol of the slot.
Agreement
For DFT-S-OFDM, reuse the DMRS configurations of NCP for ECP
Agreement
For DL and UL slot-based transmission/scheduling, when the maximum number of front-load DMRS is semi-statically configured to be 2 and the UE is dynamically scheduled with 1-symbol front-load DMRS, then the allowable number of additional DMRS is 1.
Agreement
For 2/4/7-symbol non-slot-based scheduling, the supported configuration types in non-slot-based scheduling DMRS for unicast PDSCH after RRC configuration is(are)
Both configuration type 1 and type 2 
Agreement
For 2/4/7-symbol non-slot-based scheduling, for the number of symbols of front-load DMRS
For 2/4 symbol non-slot based scheduling, only 1-symbol front-load DMRS can be transmitted for a UE
For 7 symbol non-slot based scheduling, either 1-symbol and 2-symbol front-load DMRS can be transmitted for a UE
Agreement
The same length-31 Gold sequence with LTE is used for CP-OFDM DMRS for PDSCH/PUSC
Agreement
No consensus on introducing new RRC parameter(s) to enable DMRS port table restriction or subset selection for DCI overhead reduction.
Agreement 
For DFT-S-OFDM DMRS sequence design, at least for modulation > BPSK, and a sequence length > X, reuse Rel-14 LTE DMRS comb-2 ZC sequence design and associated RRC signalling.
The value of X, the CGS sequences (except the 12-length that is already agreed), and decision on modulation = BPSK will be decided later this week.
Agreement
Number of semi-statically configured scrambling IDs for the DMRS of DL or UL: 
Two scrambling IDs can be configured per DL/UL
Agreement
In the DMRS sequence initialization for downlink and uplink CP-OFDM,  
Support UE specific configured scrambling ID with 16 bits
Uplink and downlink can be configured separately
The default value for the scrambling ID is physical cell ID and 6 known bits (ex: fixed as ‘000000’)
Agreement
For slot-based transmission, the front-load DMRS of PUSCH is located to the first symbol with respect to the scheduled data when the PUSCH starts from the Xth symbol (X starts from 1) in the slot with X>1.
Agreement
For the PUSCH without a hop, when the first symbol of the front-load DMRS is located in the first OFDM symbol with respect to the scheduled data, the additional DMRS can be located as follows (orange colour symbols contain PUSCH):
One additional 1-symbol DMRS 
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Two additional 1-symbol DMRS
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Three additional 1-symbol DMRS
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One additional 2-symbol DMRS
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Agreement
For DMRS configuration type1, DMRS port indexing for two-symbol DMRS with CP-OFDM, DMRS port indexing in CDM group is {0,1,4,5}, {2,3,6,7}.
For DMRS configuration type2, DMRS port indexing for two-symbol DMRS with CP-OFDM, DMRS port indexing in CDM group is {0,1,6,7}, {2,3,8,9}, {4,5,10,11}
Agreement
Presence of co-scheduled downlink DMRS ports within the assigned downlink DMRS CDM group is not supported
[bookmark: _Toc499836830]Agreement 
Confirm working assumption of using configuration type 1 for slot-based broadcast/multicast PDSCH and extend this DMRS type to
· slot-based unicast PDSCH before RRC configuration and slot-based unicast PUSCH before RRC configuration (CP-OFDM and DFT-S-OFDM)
· For slot-based broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration, use two additional 1-symbol DMRS, with location of additional DMRS indicated in PDCCH following the agreed DMRS locations for unicast PDSCH/PUSCH after RRC configuration.
· 2/4/7-symbol non-slot-based scheduling for multicast/broadcast PDSCH and unicast PDSCH before RRC configuration.
· For 2/4-symbol non-slot-based scheduling, the one-symbol front-load DMRS is used for broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration.
· For 7-symbol non-slot-based scheduling, one-symbol front-load DMRS plus one additional DMRS symbol on the 5th symbol if it is part of the scheduling unit with respect to the front-load is used for broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration.
· Broadcast/multicast PDSCH and PDSCH before RRC configuration is happening, for both slot and 4/7-symbol non-slot-based, with DMRS port 0 using SU-MIMO and no PDSCH FDMed on the DMRS symbol. For 2 symbol non-slot based, there is only FDM.
· PUSCH before RRC configuration is happening, for both slot and non-slot-based, with DMRS port 0 using SU-MIMO and no PUSCH FDMed on the DMRS symbol.
[bookmark: _Hlk499654433]Agreement
For CP-OFDM DL/UL DMRS sequence initialization, 
· the sequence initialization values should be different for all OFDM symbols within a frame (10ms) and at least the following parameters are used:
· Dynamically signalled  (with value 0 or 1) which is associated with choosing one of the two UE specifically configured scrambling IDs. 
· slot index and OFDM symbol index within a slot (

Agreement 
For pi/2 BPSK sequence, use the same ZC and CGS sequence with the remaining modulations
FFS whether “Pi/2 BPSK based DFT precoded DMRS for Pi/2 BPSK modulation for DFT-s-OFDM based NR PUSCH” in NR after the Rel-15 Dec. specifications
Agreement
For the PDSCH/PUSCH DMRS port table for DMRS config type 1 and 2, support at least the rows shown in the tables below.
For DL and config-1, 
For the indeces {6,9,10,11,30} in 1-CW table, and all indeces in 2-CW table, the UE can assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE
For DL and config-2, 
For the indeces {2, 10, 23} in 1-CW table, and all indeces in 2-CW tablethe UE can assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE
For DFT-s-OFDM: DMRS tables of Config-1, 1 symbol and 2 symbols, rank1 
Entries of max 1-symbol tables for both Config-1 and Config-2 are agreed. Max 2-symbol tables are examples for further discussions.
Max 1-symbol FL, Config-1, (1-CW)
	Index
	DMRS port ID (+1000)
	# CDM group(s) without data

	0
	0
	1

	1
	0
	2

	2
	１
	1

	3
	1
	2

	4
	2
	2

	5
	3
	2

	6
	0,1
	1

	7
	0,1
	2

	8
	2,3
	2

	9
	0,2
	2

	10
	0,1,2
	2

	11
	0,1,2,3
	2

	12-15
	reserved
	reserved



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

	
	0,1,2,4,6
	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 1-symbol, Config-2, (1-CW)
	Index
	DMRS port ID (+1000)
	# CDM group(s) without data

	0
	0
	1

	1
	1
	1

	2
	0,1
	1

	3
	0
	2

	4
	1
	2

	5
	2
	2

	6
	3
	2

	7
	0,1
	2

	8
	2,3
	2

	9
	0-2
	2

	10
	0-3
	2

	11
	0
	3

	12
	1
	3

	13
	2
	3

	14
	3
	3

	15
	4
	3

	16
	5
	3

	17
	0,1
	3

	18
	2,3
	3

	19
	4,5
	3

	20
	0-2
	3

	21
	3-5
	3

	22
	0-3
	3

	23
	0,2
	2

	24-31
	reserved
	reserved



Max 1-symbol, 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



Max 2-symbol, 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)
	1. 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

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

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

	
	0,1,2,3,4,5,6,8
	3
	2

	
	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 provide our views on the remaining details on DM-RS design.

2. Views on remaining details for DM-RS design
2.1. DM-RS for PDSCH mapping type B
According to Table 7.4.1.1.2-3 and Table 7.4.1.1.2-4 of [2, TS 38.211], PDSCH DM-RS positions for mapping type B is only agreed for the 7-symbols duration of PDSCH transmission. Hence, DM-RS positions for other PDSCH duration should be decided. In order to conclude DM-RS positions, we should consider the following aspects.
· Overhead
· The interval between DM-RS symbols
· The number of symbols after the last DM-RS symbols (extrapolation)
· Reusing agreed DM-RS position
In addition, considering previous discussion on type A DM-RS design, it is better that we strive to avoid more than 2 symbols after the last DM-RS symbol, since channel estimation accuracy is degraded due to extrapolation.
Observation:
· The number of PDSCH symbols after the last DM-RS symbols should be less than 3 in order to avoid performance degradation from extrapolation.
For type B, FL DM-RS is located at the 0th OFDM symbol. It means that the interval between front loaded DM-RS and additional DM-RS is increased for type B compared to type A and results in degraded channel estimation accuracy. In this sense, for the case with one additional DM-RS, OFDM symbol index of additional DM-RS should be the same or smaller compared to type A.
Observation:
· For one additional DM-RS case, OFDM symbol index of additional DM-RS should be the same or smaller compared to type A, since interval between front loaded and additional DM-RS is increased for type B.
According to the increase in the number of additional DM-RS, UE can be more robust to the Doppler frequency. For type A, we support additional DM-RS up to 3 symbols, in which symbol interval between DM-RS is 2. The same DM-RS density should be supported to guarantee high Doppler scenario for type B.
Observation:
· In order to achieve similar robustness for mobility, type B should also support DM-RS interval of two symbols.
One of the typical operations for type B DM-RS is non-slot-based transmission. Thus, it is important for type B to optimize DM-RS design for shorter PDSCH duration. For instance, it is important for type B to support short PDSCH duration for high Doppler scenario that is not fully covered by type A.
Observation:
· It is important for type B DM-RS design to optimize for shorter PDSCH duration, since one typical operation for type B is non-slot-based transmission (e.g., short PDSCH duration for high Doppler scenario).
Finally, according to [3], for the case with two or three single additional DM-RS is used, uniformly spaced DM-RS is best in terms of throughput performance. Also, it is better to use same DM-RS position for more than one symbol to avoid collision between DM-RS and data for other UE. From the points above, we propose the following DM-RS positions for single-symbol DM-RS. The characters highlighted in yellow mean the new proposal.
Proposal 1:
· Table 7.4.1.1.2-3 in TS38.211 should be modified as follows.
[bookmark: _GoBack]Table 1: PDSCH DM-RS positions for single-symbol DM-RS.
	Duration of PDSCH transmission
	DM-RS positions

	
	PDSCH mapping type A
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Figure 1: PDSCH DM-RS positions for single-symbol DM-RS.
Since double-symbol DM-RS is typically applied for high Rank case, it is not always necessary to support high Doppler case. On the other hand, since the use case for type B is considered for short TTI, it is better that additional DM-RS can be used for small duration of PDSCH transmission. Hence, additional DM-RS should be used for greater than or equal to the case with 8 PDSCH durations. Additionally, we’ve partially agreed on double-symbol additional DM-RS for the UL, we can reuse the design for the DL. From the points above, we propose the following DM-RS positions for double-symbol DM-RS. The characters highlighted in yellow mean the new proposal.
Proposal 2:
· Table 7.4.1.1.2-4 in TS38.211 should be modified as follows.
Table 2: 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
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	2
	0
	1
	2
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Figure 2: PDSCH DM-RS positions for double-symbol DM-RS.
2.2. DM-RS for PUSCH mapping type B
According to Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 of [2, TS 38.211], some PUSCH DM-RS positions for mapping type B has not been agreed yet. The 14-symbols duration of PUSCH transmission for mapping type B should be supported. UL DM-RS position is considered based on same design principle for DL DM-RS. We propose the following DM-RS positions for single-symbol DM-RS and double-symbol DM-RS. The characters highlighted in yellow mean the new proposal.
Proposal 3:
· Table 6.4.1.1.3-3 in TS38.211 should be modified as follows.
Table 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

	
	UL-DMRS-add-pos
	UL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤7
	

	-
	-
	-
	0
	0, 4
	-
	-
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	-
	-
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Figure 3: PUSCH DM-RS positions for single-symbol DM-RS.

Proposal 4:
· Table 6.4.1.1.3-4 in TS38.211 should be modified as follows.
Table 4: PUSCH DM-RS positions for double-symbol DM-RS.

	PUSCH duration in symbols
	DM-RS positions

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	UL-DMRS-add-pos
	UL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3
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Figure 4: PUSCH DM-RS positions for double-symbol DM-RS.
2.3. DM-RS for PUSCH with frequency hopping
In previous meeting, the following is agreed.
	Agreement
For PUSCH with a hop, support also the first DMRS of the 1st hop to be located on 3rd or 4th symbol of the slot.


Although front loaded DM-RS for PUSCH with frequency hopping was agreed, additional DM-RS for PUSCH with frequency hopping has not been agreed. Considering that frequency hopping is typically used for coverage enhancement, it is very important to optimize DM-RS design for frequency hopping with high DM-RS density. 
For PUSCH mapping type A, front loaded DM-RS is mapped in the third or fourth symbol. Hence, even if additional DM-RS is applied for less than 7-symbols, interpolating performance of channel estimation is not so improved since the space between DM-RS is dense. Additional DM-RS should be supported for only 7-symbols.
For PUSCH mapping type B, when PUSCH duration in a hop is more than 4 symbols, additional DM-RS should be applied to support high Doppler case. Position of additional DM-RS is reused for more than one symbol.
From the points above, we propose the following DM-RS positions table for PUSCH with frequency hopping. The characters highlighted in yellow mean the new proposal.
Proposal 5:
· Following table should be applied for PUSCH with frequency hopping.
Table 5: PUSCH with frequency hopping DM-RS positions for single-symbol DM-RS.

	PUSCH duration in symbols in each hop
	DM-RS positions

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	UL-DMRS-add-pos
	UL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤3
	

	-
	-
	-
	0
	-
	-
	-

	4
	

	-
	-
	-
	0
	0, 3
	-
	-

	5
	

	-
	-
	-
	0
	0, 3
	-
	-

	6
	

	-
	-
	-
	0
	0, 5
	-
	-

	7
	

	
, 6
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	0
	0, 5
	-
	-
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Figure 5: PUSCH with frequency hopping DM-RS positions for single-symbol DM-RS.
3. Summary
In this contribution, we have presented our views on remaining details on DM-RS, and then made the following proposals. 
Observation:
· The number of PDSCH symbols after the last DM-RS symbols should be less than 3 in order to avoid performance degradation from extrapolation.
Observation:
· For one additional DM-RS case, OFDM symbol index of additional DM-RS should be the same or smaller compared to type A, since interval between front loaded and additional DM-RS is increased for type B.
Observation:
· In order to achieve similar robustness for mobility, type B should also support DM-RS interval of two symbols.
Observation:
· It is important for type B DM-RS design to optimize for shorter PDSCH duration, since one typical operation for type B is non-slot-based transmission (e.g., short PDSCH duration for high Doppler scenario).
Proposal 1:
· Table 7.4.1.1.2-4 in TS38.211 should be modified as follows.
	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
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	3
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Proposal 2:
· Table 7.4.1.1.2-4 in TS38.211 should be modified as follows.
	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

	≤7
	

	-
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 , 10
	


Proposal 3:
· Table 6.4.1.1.3-3 in TS38.211 should be modified as follows.
	PUSCH duration in symbols
	DM-RS positions

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	UL-DMRS-add-pos
	UL-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
	0
	0, 11
	0, 6, 12
	0, 4, 8, 12


Proposal 4:
· Table 6.4.1.1.3-4 in TS38.211 should be modified as follows.

	PUSCH duration in symbols
	DM-RS positions

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	UL-DMRS-add-pos
	UL-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
	0, 9
	
	

	14
	

	
, 10
	
	
	0
	0, 10
	
	










Proposal 5:
· Following table should be applied for PUSCH with frequency hopping.

	PUSCH duration in symbols in each hop
	DM-RS positions

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	UL-DMRS-add-pos
	UL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤3
	

	-
	-
	-
	0
	-
	-
	-

	4
	

	-
	-
	-
	0
	0, 3
	-
	-

	5
	

	-
	-
	-
	0
	0, 3
	-
	-

	6
	

	-
	-
	-
	0
	0, 5
	-
	-

	7
	

	
, 6
	-
	-
	0
	0, 5
	-
	-
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