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1 Introduction
In RAN1#90bis meeting, the following agreements were achieved for NR DMRS [1]:
· Any configured DMRS port indication table supports SU-MIMO scheduling. The maximum number of ports per UE in SU-MIMO
· DMRS configuration type 1 with 1-symbol DMRS: 4 for DL, 4 for UL
· DMRS configuration type 1 with 2-symbol DMRS: 8 for DL, 4 for UL
· DMRS configuration type 2 with 1-symbol DMRS: 6 for DL, 4 for UL
· DMRS configuration type 2 with 2-symbol DMRS: 8 for DL, 4 for UL
· The maximum number of orthogonal ports per UE in MU-MIMO for
· DMRS configuration type 1 with 1-symbol DMRS: 2 for DL
· DMRS configuration type 1 with 2-symbol DMRS: 4 for DL
· DMRS configuration type 2 with 1-symbol DMRS: 4 for DL
· DMRS configuration type 2 with 2-symbol DMRS: 4 for DL
· A UE is configured for the number of front-load DMRS symbols for PUSCH and PDSCH DMRS with the following signaling method:
· The maximum number is configured with higher-layer signaling and the actual number with DCI using DMRS-table-based indication
· At least the following information is included in DCI as part of downlink DMRS port assignment:
· Scheduled downlink DMRS ports
· Potential presence of co-scheduled downlink DMRS CDM groups for rate matching
· FFS: Whether the presence of co-scheduled downlink DMRS port(s) within the assigned downlink DMRS CDM group is supported or not
· There are no dedicated bits for rate matching around DMRS CDM group(s)
· At least the following information is included in DCI as part of uplink DMRS port assignment for CP-OFDM:
· Scheduled uplink DMRS ports
· Uplink DMRS CDM groups for rate matching
· There are no dedicated bits for rate matching around DMRS CDM group(s)
· A UE in MU-MIMO should be scheduled ports first within a specific CDM group, and then across CDM groups from UE perspective 
· The ports within the same CDM group should be QCL-ed 
· The above applies for the case of single TRP
· In Rel. 15, at least for PDSCH, a UE is not expected to assume co-scheduled MU-UE(s) with different DMRS configuration with respect to the followings:
· The actual number of front-loaded DMRS symbol(s)
· The number of additional DMRS
· The DMRS symbol location 
· DMRS configuration type.
· For the PN sequence for CP-OFDM, QPSK modulated DMRS is derived from the 
· Alt. 1: length-31 Gold sequence (as in LTE)
· Alt. 2: length-63 Gold sequence
In this contribution, we discuss on DMRS port indexing, DMRS information signaling, and DMRS sequence design details based on the agreements listed above.
2 DMRS port indexing details
In RAN1 NR#2 meeting [2], two front-loaded DMRS configurations on time and frequency domain multiplexing of antenna ports were agreed for UL and DL CP-OFDM. Specifically, DMRS configuration type 1 is Comb based pattern with cyclic shifts of length 2 and supports up to 8 orthogonal DMRS ports which is consisted of two CDM groups as shown in Figure 1. In contrast, DMRS configuration type 2 is FD-OCC pattern of adjacent two REs in frequency domain and supports up to 12 orthogonal DMRS ports where DMRS ports are included in three CDM groups as depicted in Figure 1. Each DMRS configuration can be spanned in one or two adjacent OFDM symbols according to the gNB indication or configuration. In RAN1#90 [3], the DMRS port indexing for one OFDM symbol pattern of type 1 and type 2 was decided. In this case, the DMRS port indexing goes first over the CDM/CS ports then over comb/FDM. Applying the port indexing principle used in one symbol case and applying TD-OCC together, we can extend this port indexing method for two symbol case. Therefore, resulting DMRS port indexing for two symbol case becomes CDM group0={0,1,4,5} and CDM group1={2,3,6,7} for DMRS configuration type1 and CDM group0={0,1,6,7}, CDM group1={2,3,8,9}, and CDM group2={4,5,10,11} for DMRS configuration type2. The detailed DMRS port indexing method for two symbol case is given in Table 1 and Figure 1. Notice that the DMRS port indexing method proposed in this Section is assumed for DMRS port indication proposals in Section 2.
Proposal1: For two symbol DMRS with CP-OFDM, the DMRS port indexing becomes CDM group0={0,1,4,5} and CDM group1={2,3,6,7} for DMRS configuration type1 and CDM group0={0,1,6,7}, CDM group1={2,3,8,9}, and CDM group2={4,5,10,11} for DMRS configuration type2.
Table 1 Parameters for DMRS configuration type 1 and 2
	A. DMRS configuration type 1
	B. DMRS configuration type 2

		

	Frequency offset
	FD-OCC
	TD-OCC

	
	
	
	One symbol
	Two symbol

	0
	0
	[+1 +1]
	[+1]
	[+1 +1]

	1
	0
	[+1 -1]
	[+1]
	[+1 +1]

	2
	1
	[+1 +1]
	[+1]
	[+1 +1]

	3
	1
	[+1 -1]
	[+1]
	[+1 +1]

	4
	0
	[+1 +1]
	-
	[+1 -1]

	5
	0
	[+1 -1]
	-
	[+1 -1]

	6
	1
	[+1 +1]
	-
	[+1 -1]

	7
	1
	[+1 -1]
	-
	[+1 -1]



		

	Frequency offset
	FD-OCC
	TD-OCC

	
	
	
	One symbol
	Two symbol

	0
	0
	[+1 +1]
	[+1]
	[+1 +1]

	1
	0
	[+1 -1]
	[+1]
	[+1 +1]

	2
	2
	[+1 +1]
	[+1]
	[+1 +1]

	3
	2
	[+1 -1]
	[+1]
	[+1 +1]

	4
	4
	[+1 +1]
	[+1]
	[+1 +1]

	5
	4
	[+1 -1]
	[+1]
	[+1 +1]

	6
	0
	[+1 +1]
	-
	[+1 -1]

	7
	0
	[+1 -1]
	-
	[+1 -1]

	8
	2
	[+1 +1]
	-
	[+1 -1]

	9
	2
	[+1 -1]
	-
	[+1 -1]

	10
	4
	[+1 +1]
	-
	[+1 -1]

	11
	4
	[+1 -1]
	-
	[+1 -1]
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	A. DMRS configuration type 1
	DMRS configuration type 2


Figure 1 Mapping of DMRS ports
In addition, a power imbalance problem was raised in email discussion of TS 38.211 [4]. When TD-OCC is applied to two symbol DMRS, length 2 OCC code can be applied for separating different two layers. Then if we employ precoding to the DMRS and data, the transmission power of the DMRS for one symbol becomes twofold compared to that for data in the worst case that the precoding weight applied to different layers are same. In Rel-13 FD-MIMO, same issue was also discussed. The specific example can be found in [5] when TD-OCC with length 4 is applied to DMRS. In order to randomize peak transmission power and resolve such power imbalance problem, time/frequency variation of the DMRS OCC mapping was proposed. However, such time/frequency variation is not supported since power imbalance can be resolved by proper gNB implementation such as user scheduling and precoder adjustment. As well as power imbalance issues in FD-MIMO, power imbalance problem in NR DMRS also can be resolved by gNB implementation. For example, gNB can apply a random phase shift on the layers mapped to CDMed DMRS ports. Therefore, we propose:
Proposal2: Change of DMRS OCC mapping to resolve power imbalance issue is not needed.
3 DMRS information signaling
Compared to Rel-13 FD-MIMO which supports up to 4 orthogonal ports for multi-user spatial multiplexing, signaling overhead on DL control information can be dramatically increased in NR since NR DMRS supports up to 12 orthogonal ports for multi-user spatial multiplexing operation. In Rel-13 FD-MIMO, the possible combinations for multi-user paring in Rel-13 LTE are within a single CDM group and thus corresponding signaling overhead was marginal. However, in contrast to Rel-13 FD-MIMO, the multi-user paring to support the larger number of orthogonal DMRS ports for multi-user spatial multiplexing cannot be done within a single CDM group as shown in Figure 1 and this increases possible multi-user paring combinations and results in large burden for signaling overhead. Also, in this case information on multi-user paring should be signaled in order to properly perform rate matching when FDM between data and DMRS is allowed. Considering such aspects, huge increment of overhead for DMRS information signaling compared to Rel-13 FD-MIMO is expected in NR. Since larger information in DL control information (DCI) reduces system coverage, it is very important to minimize the payload carried in DCI as much as possible. In order to provide optimized DCI design for NR DMRS, required information for NR DMRS are listed in Table 2. 
Table 2 Candidate information list for NR DMRS
	DMRS information
	Signaling method
	RAN1 decision

	DMRS configuration type
	Higher layer
	Agreed [2]

	The number of additional DMRS
	Higher layer
	Agreed [3]

	The number of front-loaded DMRS symbol
	Higher layer and DCI
	Agreed [1]

	Scheduled DMRS ports
	DCI
	Agreed [1]

	Co-scheduled DMRS CDM groups
	DCI
	Agreed [1]

	Scrambling ID
	[DCI]
	Not yet

	DMRS antenna port grouping information
	Higher layer and [DCI]
	Not yet


Among the NR DMRS information listed above, high layer signaling for DMRS configuration type and the number of additional DMRS was agreed in the previous RAN1 meeting [2][3]. In RAN1#90bis meeting [1], it was agreed that the maximum number of the front-loaded DMRS symbols is configured by higher layer and the actual number is signalled by DCI using DMRS table. In addition, it was agreed both for DL and UL DMRS with CP-OFDM to include information of scheduled DMRS ports and co-scheduled DMRS CDM groups in DCI [1]. However, the detailed DMRS table design to assign DMRS port was not yet decided. First of all, as shown in Figure 1, DMRS configuration type1 and type2 for CP-OFDM have different pattern, thus separate signaling design on DMRS port assignment is desirable and we propose:
Proposal3: Separate table design on DMRS port assignment should be supported for DMRS configuration type1 and type2 with CP-OFDM, respectively.
In the following, we discuss on the DMRS port assignment table for DMRS configuration type1 and type2 with CP-OFDM, respectively. Specifically, we propose to include co-scheduled DMRS port(s) in DMRS table for one symbol DMRS pattern because in this case difference on the signaling overhead between co-scheduled DMRS port(s) and CDM group(s) is minimal. On the other hand, we propose to include only co-scheduled CDM group(s) in DMRS table for two symbol DMRS pattern since in this case signaling overhead for co-scheduled DMRS port(s) is dramatically increased. Plus, we propose to include two columns in DMRS table like in LTE system for one codeword and two codeword, respectively. Therefore, we summarize the proposal as:
Proposal4: In NR DMRS table, the followings are supported:
· Co-scheduled DMRS port(s) is signaled for one symbol DMRS pattern.
· Only co-scheduled CDM group(s) is signaled for two symbol DMRS pattern.
· One codeword and two codeword columns are used like LTE DMRS table.
According to Proposal 4, the DMRS table for DMRS configuration type1 with one symbol DMRS pattern can be made as:
Table 3 DMRS configuration type1 with one symbol DMRS
	One Codewords:
Codeword 0 enabled,
Codeword 1 disabled

	Index
	scheduled port(s)
	co-scheduled port(s)

	0
	0
	No

	1
	0,1
	No

	2
	0,1,2
	No

	3
	0,1,2,3
	No

	4
	0
	1

	5
	0
	1,2

	6
	0
	1,2,3

	7
	1
	0

	8
	1
	0,2

	9
	1
	0,2,3

	10
	2
	0,1

	11
	2
	0,1,3

	12
	3
	0,1,2

	13
	0,1
	2

	14
	0,1
	2,3

	15
	2,3
	0,1





According to Proposal 4, the DMRS table for DMRS configuration type1 with two symbol DMRS pattern can be made as:
Table 4 DMRS configuration type1 with two symbol DMRS
	One Codewords:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Index
	scheduled port(s)
	co-scheduled CDM group(s)
	Index
	scheduled port(s)
	co-scheduled CDM group(s)

	0
	0
	No
	0
	0,1,2,3,4
	No

	1
	0,1
	No
	1
	0,1,2,3,4,5
	No

	2
	0,1,4
	No
	2
	0,1,2,3,4,5,6
	No

	3
	0,1,4,5
	No
	3
	0,1,2,3,4,5,6,7
	No

	4
	0
	CDM group 0
	4
	reserved
	reserved

	5
	0
	CDM group 1
	5
	reserved
	reserved

	6
	0
	CDM group 0,1
	6
	reserved
	reserved

	7
	1
	CDM group 0
	7
	reserved
	reserved

	8
	1
	CDM group 0,1
	8
	reserved
	reserved

	9
	2
	CDM group 0,1
	9
	reserved
	reserved

	10
	3
	CDM group 0,1
	10
	reserved
	reserved

	11
	4
	CDM group 0
	11
	reserved
	reserved

	12
	4
	CDM group 0,1
	12
	reserved
	reserved

	13
	5
	CDM group 0
	13
	reserved
	reserved

	14
	5
	CDM group 0,1
	14
	reserved
	reserved

	15
	6
	CDM group 0,1
	15
	reserved
	reserved

	16
	7
	CDM group 0,1
	16
	reserved
	reserved

	17
	0,1
	CDM group 0
	17
	reserved
	reserved

	18
	0,1
	CDM group 0,1
	18
	reserved
	reserved

	19
	2,3
	CDM group 0,1
	19
	reserved
	reserved

	20
	4,5
	CDM group 0
	20
	reserved
	reserved

	21
	4,5
	CDM group 0,1
	21
	reserved
	reserved

	22
	6,7
	CDM group 0,1
	22
	reserved
	reserved

	23
	0,1,4
	CDM group 0
	23
	reserved
	reserved

	24
	0,1,4
	CDM group 1
	24
	reserved
	reserved

	25
	2,3,6
	CDM group 0
	25
	reserved
	reserved

	26
	2,3,6
	CDM group 1
	26
	reserved
	reserved

	27
	0,1,4,5
	CDM group 1
	27
	reserved
	reserved

	28
	2,3,6,7
	CDM group 0
	28
	reserved
	reserved

	29
	reserved
	reserved
	29
	reserved
	reserved

	30
	reserved
	reserved
	30
	reserved
	reserved

	31
	reserved
	reserved
	31
	reserved
	reserved


According to Proposal 4, the DMRS table for DMRS configuration type2 with one symbol DMRS pattern can be made as:
Table 5 DMRS configuration type2 with one symbol DMRS
	One Codewords:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Index
	scheduled port(s)
	co-scheduled port(s)
	Index
	scheduled port(s)
	co-scheduled port(s)

	0
	0
	No
	0
	0.1.2.3,4
	No

	1
	0,1
	No
	1
	0,1,2,3,4,5
	No

	2
	0.1.2
	No
	2
	reserved
	reserved

	3
	0.1.2.3
	No
	3
	reserved
	reserved

	4
	0
	1
	4
	reserved
	reserved

	5
	0
	1,2
	5
	reserved
	reserved

	6
	0
	1,2,3
	6
	reserved
	reserved

	7
	0
	2,3,4,5
	7
	reserved
	reserved

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

	9
	1
	0
	9
	reserved
	reserved

	10
	1
	0,2
	10
	reserved
	reserved

	11
	1
	0,2,3
	11
	reserved
	reserved

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

	13
	2
	0,1
	13
	reserved
	reserved

	14
	2
	0,1,3
	14
	reserved
	reserved

	15
	2
	0,1,3,4,5
	15
	reserved
	reserved

	16
	3
	0,1,2
	16
	reserved
	reserved

	17
	3
	0,1,2,4,5
	17
	reserved
	reserved

	18
	4
	0,1,2,3,5
	18
	reserved
	reserved

	19
	5
	0,1,2,3,4
	19
	reserved
	reserved

	20
	0,1
	2,3
	20
	reserved
	reserved

	21
	0,1
	2,3,4,5
	21
	reserved
	reserved

	22
	2,3
	0,1
	22
	reserved
	reserved

	23
	2,3
	0,1,4,5
	23
	reserved
	reserved

	24
	4,5
	0,1,2,3
	24
	reserved
	reserved

	25
	0,1,2
	3,4,5
	25
	reserved
	reserved

	26
	3,4,5
	0,1,2
	26
	reserved
	reserved

	27
	2,3,4,5
	0,1
	27
	reserved
	reserved

	28
	reserved
	reserved
	28
	reserved
	reserved

	29
	reserved
	reserved
	29
	reserved
	reserved

	30
	reserved
	reserved
	30
	reserved
	reserved

	31
	reserved
	reserved
	31
	reserved
	reserved


According to Proposal 4, the DMRS table for DMRS configuration type2 with two symbol DMRS pattern can be made as:
Table 6 DMRS configuration type2 with two symbol DMRS
	One Codewords:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Index
	schduled port(s)
	co-schduled CDM group(s)
	Index
	schduled port(s)
	co-schduled CDM group(s)

	0
	0
	No
	0
	0,1,2,3,6
	No

	1
	0,1
	No
	1
	0,1,2,3,6,7
	No

	2
	0,1,6
	No
	2
	0,1,2,3,6,7,8
	No

	3
	0,1,6,7
	No
	3
	0,1,2,3,6,7,8,9
	No

	4
	0
	CDM group 0
	4
	reserved
	reserved

	5
	0
	CDM group 0/1
	5
	reserved
	reserved

	6
	0
	CDM group 1
	6
	reserved
	reserved

	7
	0
	CDM group 1/2
	7
	reserved
	reserved

	8
	0
	CDM group 0/1/2
	8
	reserved
	reserved

	9
	1
	CDM group 0
	9
	reserved
	reserved

	10
	1
	CDM group 0/1
	10
	reserved
	reserved

	11
	1
	CDM group 0/1/2
	11
	reserved
	reserved

	12
	2
	CDM group 0/1
	12
	reserved
	reserved

	13
	2
	CDM group 0/1/2
	13
	reserved
	reserved

	14
	3
	CDM group 0/1
	14
	reserved
	reserved

	15
	3
	CDM group 0/1/2
	15
	reserved
	reserved

	16
	4
	CDM group 0/1/2
	16
	reserved
	reserved

	17
	5
	CDM group 0/1/2
	17
	reserved
	reserved

	18
	6
	CDM group 0
	18
	reserved
	reserved

	19
	6
	CDM group 0/1
	19
	reserved
	reserved

	20
	6
	CDM group 0/1/2
	20
	reserved
	reserved

	21
	7
	CDM group 0
	21
	reserved
	reserved

	22
	7
	CDM group 0/1
	22
	reserved
	reserved

	23
	7
	CDM group 0/1/2
	23
	reserved
	reserved

	24
	8
	CDM group 0/1
	24
	reserved
	reserved

	25
	8
	CDM group 0/1/2
	25
	reserved
	reserved

	26
	9
	CDM group 0/1
	26
	reserved
	reserved

	27
	9
	CDM group 0/1/2
	27
	reserved
	reserved

	28
	10
	CDM group 0/1/2
	28
	reserved
	reserved

	29
	11
	CDM group 0/1/2
	29
	reserved
	reserved

	30
	0,1
	CDM group 0
	30
	reserved
	reserved

	31
	0,1
	CDM group 0/1
	31
	reserved
	reserved

	32
	0,1
	CDM group 0/1/2
	32
	reserved
	reserved

	33
	2,3
	CDM group 0
	33
	reserved
	reserved

	34
	2,3
	CDM group 0/1
	34
	reserved
	reserved

	35
	2,3
	CDM group 0/1/2
	35
	reserved
	reserved

	36
	4,5
	CDM group 0/1
	36
	reserved
	reserved

	37
	4,5
	CDM group 0/1/2
	37
	reserved
	reserved

	38
	6,7
	CDM group 0
	38
	reserved
	reserved

	39
	6,7
	CDM group 0/1
	39
	reserved
	reserved

	40
	6,7
	CDM group 0/1/2
	40
	reserved
	reserved

	41
	8,9
	CDM group 0/1
	41
	reserved
	reserved

	42
	8,9
	CDM group 0/1/2
	42
	reserved
	reserved

	43
	10,11
	CDM group 0/1/2
	43
	reserved
	reserved

	44
	1,6,7
	CDM group 0
	44
	reserved
	reserved

	45
	1,6,7
	CDM group 0/1
	45
	reserved
	reserved

	46
	1,6,7
	CDM group 0/1/2
	46
	reserved
	reserved

	47
	3,8,9
	CDM group 0
	47
	reserved
	reserved

	48
	3,8,9
	CDM group 0/1
	48
	reserved
	reserved

	49
	3,8,9
	CDM group 0/1/2
	49
	reserved
	reserved

	50
	5,10,11
	CDM group 0/1
	50
	reserved
	reserved

	51
	5,10,11
	CDM group 0/1/2
	51
	reserved
	reserved

	52
	0,1,6,7
	CDM group 1
	52
	reserved
	reserved

	53
	0,1,6,7
	CDM group 1/2
	53
	reserved
	reserved

	54
	2,3,8,9
	CDM group 0/1
	54
	reserved
	reserved

	55
	2,3,8,9
	CDM group 0/1/2
	55
	reserved
	reserved

	56
	4,5,10,11
	CDM group 0/1/2
	56
	reserved
	reserved

	57
	0,1,6,7
	CDM group 1/2
	57
	reserved
	reserved

	58
	2,3,8,9
	CDM group 0/1
	58
	reserved
	reserved

	59
	2,3,8,9
	CDM group 0/1/2
	59
	reserved
	reserved

	60
	4,5,10,11
	CDM group 0/1/2
	60
	reserved
	reserved

	61
	reserved
	reserved
	61
	reserved
	reserved

	62
	reserved
	reserved
	62
	reserved
	reserved

	63
	reserved
	reserved
	63
	reserved
	reserved



Next, signalling method was not decided yet for scrambling ID. However, in order to support DPS (dynamic point selection), dynamic indication of scrambling ID should be supported. In LTE, one bit indication of scrambling ID was tied with other DMRS information such as number of layers & port number. However, in NR, such restriction may not provide enough overhead reduction due to the increased number of orthogonal DMRS ports. Moreover, explicit signaling of scrambling ID can provide flexible operation of DPS regardless of transmission rank. Considering such aspects, one bit independent signaling of scrambling ID from other DMRS information is more desirable in NR. 
Proposal5: Support one bit DCI signaling for scrambling ID which is independently signaled from other DMRS information.
Lastly, for DMRS antenna port grouping information, two different DMRS port group will be configured in higher layer where DMRS ports within each group are QCL-ed. One important use case for the DMRS antenna port grouping is to support non-coherent joint transmission (NC-JT) [6]. In NR, both single PDCCH based NC-JT and two PDCCH based NC-JT are supported [2]. In case of the two PDCCH based NC-JT, each PDCCH can indicate the DMRS ports transmitted from each transmission point (TP). For instance, if UE is allowed to receive 2 DCIs for scheduling 2 PDSCHs in a TTI, then each DCI is associated with each DMRS port group. Therefore, it is possible switching between single TP transmission and NC-JT dynamically through single or two PDCCH transmissions. On the other hand, in case of the single PDCCH based NC-JT, if additional information on NC-JT is not signalled by DCI dynamic switching between single TP transmission and NC-JT cannot be supported. Since two codeword column in DMRS table can include many reserved bits, we can use this for signalling the number of layers for NC-JT. Therefore, we propose:
Proposal6: For single PDCCH based NC-JT, the reserved bits for two codeword column in DMRS table can be used for signaling the number of layers for NC-JT to support dynamic switching between single TP transmission and NC-JT.
4 DMRS sequence design
The following parameters utilized for LTE DMRS can be a good starting point for NR DMRS sequence initialization as well:
· Scrambling ID (): In LTE,  has been used. One of use cases for this parameter is to support DPS (dynamic point selection). This parameter should be introduced in NR also and used for scrambling the DMRS sequence in order to support DPS. 
· Virtual cell ID (): In LTE, when DPS is disabled, becomes cell ID () but when DPS is enabled can has different values depending on . The same method can used in NR.
· Timing information (): In LTE, slot number has been utilized to enjoy different randomizations per 1 ms. In case of NR, however, the range of slot numbers within a radio frame increases according to the configured numerology. Therefore, the same time granularity of randomization with LTE, i.e. initialize the scrambling sequence per every slot, may require large bit-width. Given that the potential gain from such variable time granularity for cinit has not been investigated yet, it is preferred to have the same absolute time granularity of initialization with LTE by using the parameter defined in NR [7].
Based on the discussions above, the following proposals can be made:
Proposal7: Support 1ms sequence initialization periodicity in order to avoid redundant re-initialization burden, e.g. by

It seems that above parameters such as , , and  can be covered by Gold-31 sequence as in LTE. To be aligned with the agreed NR PBCH DMRS sequence generation as well, it is preferred to use the same PN generator with LTE.
Proposal8: LTE PN generator is reused for DMRS sequence generation, and related parameters are
· Gold Code LFSR size: 31
· Gold Code Polynomials: x31 + x3 + 1, x31 +x3 + x2 + x + 1
· Sequence modulation is QPSK

5 Conclusions
This contribution discusses on remaining issues on NR DMRS and proposes the followings depending on the discussion:
Proposal1: For two symbol DMRS with CP-OFDM, the DMRS port indexing becomes CDM group0={0,1,4,5} and CDM group1={2,3,6,7} for DMRS configuration type1 and CDM group0={0,1,6,7}, CDM group1={2,3,8,9}, and CDM group2={4,5,10,11} for DMRS configuration type2.
Proposal2: Change of DMRS OCC mapping to resolve power imbalance issue is not needed.
Proposal3: Separate table design on DMRS port assignment should be supported for DMRS configuration type1 and type2 with CP-OFDM, respectively.
Proposal4: In NR DMRS table, the followings are supported:
· Co-scheduled DMRS port(s) is signaled for one symbol DMRS pattern.
· Only co-scheduled CDM group(s) is signaled for two symbol DMRS pattern.
· One codeword and two codeword columns are used like LTE DMRS table.
Proposal5: Support one bit DCI signaling for scrambling ID which is independently signaled from other DMRS information.
Proposal6: For single PDCCH based NC-JT, the reserved bits for two codeword column in DMRS table can be used for signaling the number of layers for NC-JT to support dynamic switching between single TP transmission and NC-JT.
Proposal7: Support 1ms sequence initialization periodicity in order to avoid redundant re-initialization burden, e.g. by

Proposal8: LTE PN generator is reused for DMRS sequence generation, and related parameters are
· Gold Code LFSR size: 31
· Gold Code Polynomials: x31 + x3 + 1, x31 +x3 + x2 + x + 1
· Sequence modulation is QPSK
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