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Regarding DMRS orthogonal port number and codeword assignment, it was agreed in RAN1 #88bis meeting [1] that:
· Support at least the following design of DL DM-RS for data channels 
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO 
· For 3 and 4-layer transmission, NR supports 1 codeword per PDSCH/PUSCH assignment per UE
For DMRS pattern, it was agreed in RAN1 NR Ad-Hoc #2 [2] that:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
Regarding QCL, it was agreed in RAN1 NR Ad-Hoc #2 [2] that
· For QCL, NR supports:
· At least one or two DM-RS antenna port groups per PDSCH.
For port indication DCI table design, it was agreed in RAN1 #90bis [3] that
· 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)
[bookmark: _Ref129681832]In this contribution, we provide our considerations on configurations and signaling of DMRS ports for both SU and MU. Besides that, NCJT with 1 or multiple PDCCH(s) is also considered in the port indication.
Indication design for NR DMRS 
It has been agreed to support maximal 12 orthogonal ports and configurable patterns for DMRS in NR. Some specific considerations on DMRS indication should be considered to adapt to multiple patterns and larger orthogonal port number comparing to LTE. In the following sections, the design of NR DMRS indication scheme will be discussed.	
Signalling of DMRS ports
In the following we present some detailed design principles of signaling for DMRS ports.
Port indication table structure
In LTE, DMRS port combinations are arrayed in two columns based on CW numbers. To reduce DCI indication overhead in NR, we can take this table structure as a starting point. As agreed in the past meetings, besides port indices and UE rank, the table should also include the CDM occupation information and symbol number of front-loaded DMRS.  
Proposal 1: NR should reuse the table structure of LTE and additionally include CDM occupation information and symbol number of front-loaded DMRS in DCI port indication table.
Consider only one scrambling ID in DCI table for port indication
In LTE, there are 2 SCIDs in DCI table for antenna port indication. The two IDs can be used for constructing semi-orthogonal DMRS. It has been agreed in #88b meeting that maximal 12 orthogonal DMRS will be supported for MU-MIMO in NR. Besides, in Ad-Hoc #3 [4], up to 4 ports per-UE will be supported in MU-MIMO. Considering the increased MU dimension, signaling overhead of DCI table for antenna port indication is greatly increased, as much more entries have to be included in the DCI table. If NR still considers multiple scrambling sequences in the DCI table(s) for port indication as in LTE, very huge tables has to be designed for the port indication. Since scrambling of DMRS is independent of the antenna port selection essentially, it can be moved out of the DCI table for port indication. In other words, NR should support only one scrambling ID in DCI table for port indication.
Proposal 2: Support only one scrambling ID in DCI table for port indication.
Consider multiple DCI tables for port indication
As agreed in RAN1 #88bis, maximal 12 orthogonal ports will be supported for MU-MIMO in NR. The support of DMRS port indication for UE from such a large set of orthogonal DMRS ports require provision in DCI of very large number bits. Obviously the number of potentially schedule DMRS ports is to some extent depends on the transmission scenario. For example, very limited DMRS port number would be considered in high frequency transmission, while more than 8 DMRS ports are more likely be scheduled in dense urban scenarios. Thus not all of the supported DCI indication combinations for DMRS port would be always used in the practice, then some DCI overhead reduction schemes may be considered based on priori knowledge of maximum DMRS port number or pattern configurations. 
In the following we provide examples of port combinations for different configuration types. The corresponding tables are respectively provided in Appendix A. It should be noted that port combinations for different number of codeword has been reordered based on the agreements on codeword to layer mapping. Besides, maximum DMRS ports per UE for MU-MIMO is assumed to be 4.Based on the above analysis, to reduce the overhead of DCI for indicating DMRS ports, different indication combinations for DMRS port should be designed and used for different scenarios or multiplexing schemes. Summarizing discussion above we have the following proposal:  
Proposal 3: Multiple DCI tables of DMRS port indication based on DMRS pattern configurations or MU-orders should be supported.
Consider state or the number of occupied CDM groups in DCI tables
To increase system spectral efficiency, NR should allow for multiplexing of DMRS and other signals in the DMRS symbols. For example, instead of keeping all the possible DMRS REs muted, data can be FDM-multiplexed with DMRS if the corresponding OFDM symbols have not been fully occupied by DMRS. In this case, the PDSCH mapping of a given UE should avoid the resource elements in which DMRS is transmitted for better PDSCH demodulation performance. 
For the rate matching around DMRS, it has been agreed in #90bis that used/occupied CDM group information will be included in the DCI tables for port indication. Specifically, the state of CDM group occupation can be indicated in the DCI table(s). For Configuration type 1, 2 CDM groups can be indicated with 2 states. For example, state ‘1’ denotes CDM group 1 (denoted as yellow color) is occupied, and state ‘2’ denotes CDM groups 1 and 2 (denoted as red color) are occupied. Similarly, Configuration type 2 can be indicated with 3 states. For example, state ‘1’ denotes CDM group 1 is occupied, state ‘2’ denotes CDM groups 1 and 2 are occupied, state ‘3’ denotes 3 CDM groups are all occupied. In this way, UE can know the total number of MU layers (which corresponding to the occupied REs for DMRS ports) for rate matching.  
In Appendix A, we provide some examples for port indication with occupied CDM group informations.
Proposal 4: For rate matching, the state of CDM group occupation should be considered in the DCI table.
Consider symbol number of front-loaded DMRS
It has been agreed in #90bis meeting that the maximum symbol number of Front-loaded DMRS is configured with higher-layer signaling, and the actual symbol number with DCI using DMRS-table-based indication. According to the agreement, two different DCI tables should be considered for each configuration type, e.g., one table for maximum symbol number 1 and another for maximum symbol number 2. To support DCI switching between 1 or 2 symbols with RRC configuring 2, the second table should include port combinations for both 1 symbol and 2 symbols.
In the following we provide some examples of port combinations indication considering symbol numbers in Appendix A. Note that DCI tables for 1 symbol DMRS patterns are the part of DCI tables for 2 symbol DMRS patterns, only DCI tables for 2-symbol DMRS patterns are discussed in this section.
Consider different scheduled schemes in DCI table
To cater for varied transmission scenarios in NR, port combinations with different multiplexing schemes, e.g., CDM and FDM, should be included in the tables. Take multiplexing of 2 DMRS ports scheduled for a given UE as an example, CDM of the two ports is beneficial for MU-MIMO, which has been agreed in #90bis, while in SU-MIMO scheduling, FDM of the ports can achieve better orthogonality. In addition, considering the QCL association, both FDM and CDM between 2 configured ports should be supported to achieve flexible configuration of single TRP transmission and NCJT.
Proposal 5: Both FDM and CDM between DMRS ports should be included in DMRS ports indication tables.
Conclusions
This contribution discusses some general considerations on signaling design for demodulation reference signals. In summary, the following observation and proposals are made.
Proposal 1: NR should reuse the table structure of LTE and additionally include CDM occupation information and symbol number of front-loaded DMRS in DCI port indication table.
Proposal 2: Support only one scrambling ID in DCI table for port indication.
Proposal 3: Multiple DCI tables of DMRS port indication based on DMRS pattern configurations or MU-orders should be supported.
Proposal 4: For rate matching, the state of CDM group occupation should be considered in the DCI tables.
Proposal 5: Both FDM and CDM between DMRS ports should be included in DMRS ports indication tables.
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Appendix A (Tables corresponding to different pattern configurations)
Table 1 an example of port combinations for type 1

	One Codeword (<=4 layers)
	Two Codewords (>4 layer)

	value
	state of CDM groups
	UE Rank
	ports
	symbol number
	value
	state of CDM groups
	UE Rank
	ports
	symbol number

	0
	1
	1
	0
	1
	0
	reserve
	reserve
	reserve
	1

	1
	1
	1
	1
	1
	1
	reserve
	reserve
	reserve
	1

	2
	1
	2
	0,1 
	1
	2
	reserve
	reserve
	reserve
	1

	3
	2
	1
	0
	1
	3
	reserve
	reserve
	reserve
	1

	4
	2
	1
	1
	1
	4
	reserve
	reserve
	reserve
	1

	5
	2
	1
	2
	1
	5
	reserve
	reserve
	reserve
	1

	6
	2
	1
	3
	1
	6
	reserve
	reserve
	reserve
	1

	7
	2
	2
	0,1
	1
	7
	reserve
	reserve
	reserve
	1

	8
	2
	2
	2,3
	1
	8
	reserve
	reserve
	reserve
	1

	9
	2
	3
	0-2
	1
	9
	reserve
	reserve
	reserve
	1

	10
	2
	4
	0-3 
	1
	10
	reserve
	reserve
	reserve
	1

	11
	1
	1
	0
	2
	11
	2
	5
	0-2,4,5 
	2

	12
	1
	1
	1
	2
	12
	2
	6
	0-5 
	2

	13
	1
	1
	4
	2
	13
	2
	7
	0-6
	2

	14
	1
	1
	5
	2
	14
	2
	8
	0-7
	2

	15
	1
	2
	0,1 
	2
	15
	reserve
	reserve
	reserve
	2

	16
	1
	2
	4-5
	2
	16
	reserve
	reserve
	reserve
	2

	17
	1
	3
	0,1,4 
	2
	17
	reserve
	reserve
	reserve
	2

	18
	1
	4
	0,1,4,5
	2
	18
	reserve
	reserve
	reserve
	2

	19
	2
	1
	0
	2
	19
	reserve
	reserve
	reserve
	2

	20
	2
	1
	1
	2
	20
	reserve
	reserve
	reserve
	2

	21
	2
	1
	2
	2
	21
	reserve
	reserve
	reserve
	2

	22
	2
	1
	3
	2
	22
	reserve
	reserve
	reserve
	2

	23
	2
	1
	4
	2
	23
	reserve
	reserve
	reserve
	2

	24
	2
	1
	5
	2
	24
	reserve
	reserve
	reserve
	2

	25
	2
	1
	6
	2
	25
	reserve
	reserve
	reserve
	2

	26
	2
	1
	7
	2
	26
	reserve
	reserve
	reserve
	2

	27
	2
	2
	0,1
	2
	27
	reserve
	reserve
	reserve
	2

	28
	2
	2
	2,3
	2
	28
	reserve
	reserve
	reserve
	2

	29
	2
	2
	4,5
	2
	29
	reserve
	reserve
	reserve
	2

	30
	2
	2
	6,7
	2
	30
	reserve
	reserve
	reserve
	2

	31
	2
	3
	0,1,4
	2
	31
	reserve
	reserve
	reserve
	2

	32
	2
	3
	2,3,6
	2
	32
	reserve
	reserve
	reserve
	2

	33
	2
	4
	0,1,4,5
	2
	33
	reserve
	reserve
	reserve
	2

	34
	2
	4
	2,3,6,7
	2
	34
	reserve
	reserve
	reserve
	2

	35 
	2
	2
	0,2 
	1
	35 
	2
	5
	0-4 
	2

	36 
	2
	2
	0,2 
	2
	36 
	2
	6
	0-4,6 
	2

	37 
	2
	3
	0-2 
	2
	37
	reserve
	reserve
	reserve
	reserve

	38 
	2
	4
	0-3 
	2
	38
	reserve
	reserve
	reserve
	reserve



Table 2 an example of port combinations for type 2

	One Codeword (<=4 layers)
	Two Codewords (>4 layer)

	value
	state of CDM groups
	UE Rank
	ports
	symbol number
	value
	state of CDM groups
	UE Rank
	ports
	symbol number

	0
	1
	1
	0
	1
	0
	3
	5
	0-4
	1

	1
	1
	1
	1
	1
	1
	3
	6
	0-5
	1

	2
	1
	2
	0,1
	1
	2
	reserve
	reserve
	reserve
	1

	3
	2
	1
	0
	1
	3
	reserve
	reserve
	reserve
	1

	4
	2
	1
	1
	1
	4
	reserve
	reserve
	reserve
	1

	5
	2
	1
	2
	1
	5
	reserve
	reserve
	reserve
	1

	6
	2
	1
	3
	1
	6
	reserve
	reserve
	reserve
	1

	7
	2
	2
	0,1
	1
	7
	reserve
	reserve
	reserve
	1

	8
	2
	2
	2,3
	1
	8
	reserve
	reserve
	reserve
	1

	9
	2
	3
	0-2
	1
	9
	reserve
	reserve
	reserve
	1

	10
	2
	4
	0-3
	1
	10
	reserve
	reserve
	reserve
	1

	11
	3
	1
	0
	1
	11
	reserve
	reserve
	reserve
	1

	12
	3
	1
	1
	1
	12
	reserve
	reserve
	reserve
	1

	13
	3
	1
	2
	1
	13
	reserve
	reserve
	reserve
	1

	14
	3
	1
	3
	1
	14
	reserve
	reserve
	reserve
	1

	15
	3
	1
	4
	1
	15
	reserve
	reserve
	reserve
	1

	16
	3
	1
	5
	1
	16
	reserve
	reserve
	reserve
	1

	17
	3
	2
	0,1
	1
	17
	reserve
	reserve
	reserve
	1

	18
	3
	2
	2,3
	1
	18
	reserve
	reserve
	reserve
	1

	19
	3
	2
	4,5
	1
	19
	reserve
	reserve
	reserve
	1

	20
	3
	3
	0-2
	1
	20
	reserve
	reserve
	reserve
	1

	21
	3
	3
	3-5
	1
	21
	reserve
	reserve
	reserve
	1

	22
	3
	4
	0-3
	1
	22
	reserve
	reserve
	reserve
	1

	23
	1
	1
	0
	2
	23
	2
	5
	0-2,6,7 
	2

	24
	1
	1
	1
	2
	24
	2
	6
	0-3,6,7 
	2

	25
	1
	1
	6
	2
	25
	2
	7
	0-3,6-8 
	2

	26
	1
	1
	7
	2
	26
	2
	8
	0-4,6-9 
	2

	27
	1
	2
	0,1 
	2
	27
	reserve
	reserve
	reserve
	2

	28
	1
	2
	6,7
	2
	28
	reserve
	reserve
	reserve
	2

	29
	1
	3
	0,1,6
	2
	29
	reserve
	reserve
	reserve
	2

	30
	1
	4
	0,1,6,7
	2
	30
	reserve
	reserve
	reserve
	2

	31
	2
	1
	0
	2
	31
	reserve
	reserve
	reserve
	2

	32
	2
	1
	1
	2
	32
	reserve
	reserve
	reserve
	2

	33
	2
	1
	2
	2
	33
	reserve
	reserve
	reserve
	2

	34
	2
	1
	3
	2
	34
	reserve
	reserve
	reserve
	2

	35
	2
	1
	6
	2
	35
	reserve
	reserve
	reserve
	2

	36
	2
	1
	7
	2
	36
	reserve
	reserve
	reserve
	2

	37
	2
	1
	8
	2
	37
	reserve
	reserve
	reserve
	2

	38
	2
	1
	9
	2
	38
	reserve
	reserve
	reserve
	2

	39
	2
	2
	0,1
	2
	39
	reserve
	reserve
	reserve
	2

	40
	2
	2
	2,3
	2
	40
	reserve
	reserve
	reserve
	2

	41
	2
	2
	6,7
	2
	41
	reserve
	reserve
	reserve
	2

	42
	2
	2
	8,9
	2
	42
	reserve
	reserve
	reserve
	2

	43
	2
	3
	0,1,6
	2
	43
	reserve
	reserve
	reserve
	2

	44
	2
	3
	2,3,8
	2
	44
	reserve
	reserve
	reserve
	2

	45
	2
	4
	0,1,6,7
	2
	45
	reserve
	reserve
	reserve
	2

	46
	2
	4
	2,3,8,9
	2
	46
	reserve
	reserve
	reserve
	2

	47
	3
	1
	0
	2
	47
	reserve
	reserve
	reserve
	2

	48
	3
	1
	1
	2
	48
	reserve
	reserve
	reserve
	2

	49
	3
	1
	2
	2
	49
	reserve
	reserve
	reserve
	2

	50
	3
	1
	3
	2
	50
	reserve
	reserve
	reserve
	2

	51
	3
	1
	4
	2
	51
	reserve
	reserve
	reserve
	2

	52
	3
	1
	5
	2
	52
	reserve
	reserve
	reserve
	2

	53
	3
	1
	6
	2
	53
	reserve
	reserve
	reserve
	2

	54
	3
	1
	7
	2
	54
	reserve
	reserve
	reserve
	2

	55
	3
	1
	8
	2
	55
	reserve
	reserve
	reserve
	2

	56
	3
	1
	9
	2
	56
	reserve
	reserve
	reserve
	2

	57
	3
	1
	10
	2
	57
	reserve
	reserve
	reserve
	2

	58
	3
	1
	11
	2
	58
	reserve
	reserve
	reserve
	2

	59
	3
	2
	0,1
	2
	59
	reserve
	reserve
	reserve
	2

	60
	3
	2
	2,3
	2
	60
	reserve
	reserve
	reserve
	2

	61
	3
	2
	4,5
	2
	61
	reserve
	reserve
	reserve
	2

	62
	3
	2
	6,7
	2
	62
	reserve
	reserve
	reserve
	2

	63
	3
	2
	8,9
	2
	63
	reserve
	reserve
	reserve
	2

	64
	3
	2
	10,11
	2
	64
	reserve
	reserve
	reserve
	2

	65
	3
	3
	0,1,6
	2
	65
	reserve
	reserve
	reserve
	2

	66
	3
	3
	2,3,8
	2
	66
	reserve
	reserve
	reserve
	2

	67
	3
	3
	4,5,10
	2
	67
	reserve
	reserve
	reserve
	2

	68
	3
	4
	0,1,6,7
	2
	68
	reserve
	reserve
	reserve
	2

	69
	3
	4
	2,3,8,9
	2
	69
	reserve
	reserve
	reserve
	2

	70
	3
	4
	4,5,10,11
	2
	70
	reserve
	reserve
	reserve
	2

	71 
	2
	2
	0,2 
	1
	71 
	3
	5
	0-4 
	2

	72 
	3
	3
	0,2,4
	1
	72 
	2
	5
	0-3,6 
	2

	73 
	3
	4
	0-2,4 
	1
	73 
	3
	6
	0-5 
	2

	74 
	2
	2
	0,2 
	2
	74 
	3
	6
	0-3,6,8 
	2

	75 
	3
	3
	0,2,4 
	2
	75 
	3
	7
	0-6 
	2

	76 
	2
	4
	0,1,2,3 
	2
	76 
	3
	8
	0-6,8 
	2

	77 
	3
	4
	0,1,2,4 
	2
	77 
	3
	8
	0-7 
	2

	78 
	3
	3
	2,3,7 
	2
	78
	reserve
	reserve
	reserve
	reserve

	79 
	3
	3
	8,9,4
	2
	79
	reserve
	reserve
	reserve
	reserve

	80 
	3
	3
	10,11,5 
	2
	80
	reserve
	reserve
	reserve
	reserve

	81 
	3
	3
	7,9,11
	2
	81
	reserve
	reserve
	reserve
	reserve



