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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 (CW) per PDSCH/PUSCH assignment per UE
In RAN1 #89 meeting [2], it was agreed as a working assumption that:
Working assumption:
· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM
· Front-load DMRS Configuration 1: Supports up to 8 ports
· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)
· One OFDM symbol: 
· To be down selected to 1 Alt:
· Alt 1: Comb 2 + 2 CS, up to 4 ports
· Alt 2: Comb 4 + 2 CS, up to 8 ports
· Two OFDM symbols: 
· To be down selected to 2 Alts:
· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports
· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports
· Front-load DMRS Configuration 2: Supports up to 12 ports
· FD-OCC pattern with adjacent REs in the frequency domain
· One OFDM symbol:
· To be down selected to 1 Alt:
· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports
· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports
· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports
· Two OFDM symbols: 
· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
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In this contribution, we provide our considerations on configurations and signaling of DMRS ports for both SU and MU. 
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.	
Hierarchical signalling of DMRS ports
As mentioned above, at least higher layer signalling has been suggested for the 2 DMRS pattern configurations in the working assumption [2]. That is because some of the parameters that determine DMRS pattern are depended on scenario, UE mobility, long-term or semi-static channel properties such as delay spread and so on which do not dynamically change, DMRS pattern can to some extent be configured by RRC signalling. However, there are some rapidly changing parameters such as DMRS port number and sequence scrambling ID still need dynamically configuring by DCI just as LTE. The hierarchical configuration of DMRS can greatly balance the dynamic signalling overhead and flexibility and support dynamic transmission schemes more efficiently.
Proposal 1: Hierarchical signalling of DMRS ports should be supported in NR.
Signalling of DMRS ports
Before discussing the detailed DCI design for DL MIMO especially for MU-MIMO, NR should first identify some factors such as maximum number of DMRS ports per UE in MU-MIMO and scrambling sequence number, since these factors may have significant impact on the signaling design for MU-MIMO. In the following we present some general design principles of signaling for DMRS.
· Considering increased MU-MIMO dimension
In NR, the transmission antennas in gNB side will be more than legacy LTE’s configuration, and UEs with 4Rx antennas are more general than previous LTE releases as well. Thus, 4 layers per UE in the MU-MIMO transmission will be a general case in NR.
In the massive MIMO in NR, increase the MU pairing for the simultaneous transmission is the key point to increase the spectrum efficiency. As agreed in previous meeting in NR, up to 12 orthogonal DMRS ports have been supported in NR, which means each user can be assigned with up to 4 layers (with 4 Rx antennas), even 8 orthogonal layers (with 8 Rx antennas).
For MU-MIMO in LTE, maximum DMRS ports number per UE is 2, while total number of co-scheduled DMRS ports is limited to 4. Considering much richer transmission scenarios in NR, enhanced processing capability at UE, as well as the agreed maximal 12 orthogonal DMRS ports for MU-MIMO, the limitation on maximum DMRS ports for MU-MIMO should be relaxed because higher orthogonality can be achieved for spatial multiplexing between and within each UE. Therefore we propose to reconsider MU-MIMO dimension in NR. For example, the maximum DMRS ports number per UE should be increased and maximum 4 DMRS ports per UE is more appropriate. 
Proposal 2: At least support up to 4 DMRS ports per UE for MU-MIMO.
· Considering the number of scrambling sequence(s)
In LTE, there are 2 scrambling sequences with SCID 0 and 1 in DCI table for antenna port indication. Different scrambling sequences can be used for constructing semi-orthogonal DMRS with lower overhead than orthogonal DMRS. For example, DMRS with four orthogonal ports and two scrambling sequences or eight orthogonal DMRS ports and one scrambling sequence can be chosen to support MU-MIMO with total number of layers up to 8. Obviously the former can be configured with lower overhead than the latter. Take the two-symbol DMRS pattern in configuration 2 agreed in #89 meeting as an example, the semi-orthogonal DMRS only needs half of the resource for orthogonal DMRS. However, when considering multiple scrambling sequences in DCI table for port indication, extra signaling overhead is needed. Besides, it has been proved in companion contribution [3] that significant performance loss will be observed with semi-orthogonal DMRS compared with orthogonal DMRS, especially for transmissions with large layer numbers. Therefore, for NR DMRS design, whether the legacy 2 scrambling sequences need to be further studied.
· Considering multiple DCI tables for antenna 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. 
In the following we provide an example of port combinations for up to 12 DMRS antenna ports. 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, in the example only 1 SCID is considered, maximum DMRS ports per UE for MU-MIMO is assumed to be 4. 
Table 1 an example of port combinations for up to 12 DMRS antenna ports
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As can been seen, 5 bits are needed for indicating all the port combinations. As a contrast, with the same design method, 4 bits is necessary for all the port combinations of up to 8 layers.  
Besides, DMRS antenna port indication scheme may be designed differently for different port multiplexing schemes. For example, with different lengths of code division multiplexing, different indication combinations for DMRS port should be considered to make DMRS configuration as transparent as possible to co-paired UE.  
In a word, 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 observation:  
Observation: Multiple DCI tables for DMRS port indication need to be defined.
· Considering non-Transparent DMRS for MU-MIMO
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. 
Regarding the UEs receiving transmission in LTE, DMRS is allocated and notified in a transparent manner. In other words, the indication scheme had been designed such the scheduled UE is only notified of information that pertains to its own transmission. Therefore, from an UE’s perspective, it has no idea whether the transmission it is receiving is a part of a MU-MIMO transmission or simply a SU-MIMO transmission. The transparency in DMRS indication for MU-MIMO was made possible by limiting total orthogonal port number to 4 and using CDM4 to multiplexing DMRS ports for MU-MIMO. However, maximal 12 orthogonal ports had been agreed to be supported for MU-MIMO in NR. With limited size of CDM, it is difficult to maintain the same level of transparency as in LTE. That is because the UE is no longer able to determine the correct number of DMRS REs in a PRB. Thus in NR a non-transparent DMRS indication with the configuration information of the co-scheduled DMRS is sometimes needed. Additional information, e.g., the total number of transmission layers or the assignment of DMRS ports to other co-scheduled UEs, should be indicated to a given UE. Two methods can be considered for the non-Transparent DMRS:
· Alt. 1: introduce additional signaling for co-scheduled DMRS information such as the total number of transmission layers, 
· Alt. 2: add an extra column of total port number into LTE-like DCI table for antenna port indication.
Proposal 3: Non-Transparent DMRS for MU-MIMO should be supported in NR.
In the following an example of DL signaling (Alt. 2) for non-transparent DMRS is provided. In the table, maximal 6 layers transmission is considered with orthogonal DMRS. An extra column of total port number is added in the table to inform UE the total layer number of co-scheduled DMRS.

Table 2 an example of port combinations for up to 6 DMRS antenna ports

[image: ]
· Considering QCL assumption indication design
It has been agreed in RAN1 NR ad-hoc meeting that NR will support DMRS ports grouping, in which DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed. For port grouping, DMRS port mapping with principles of frequency/time division among different TRPs and UEs should be considered. 
For example, to guarantee reliable channel estimation performance, DMRS ports within a DMRS CDM group should be QCL-ed and mapped into the same port group. The reason is that de-spreading of OCC needs strict synchronization requirement on time and frequency to keep orthogonality among corresponding ports. To sum up, QCL assumption should also been taken into account when designing the port combinations in DCI table.
Proposal 4: QCL assumption between DMRS ports should be taken into account when designing DCI table for antenna port(s) indication.
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: Hierarchical signalling of DMRS ports should be supported in NR.
Proposal 2: At least support up to 4 DMRS ports per UE for MU-MIMO.
Observation: Multiple DCI tables for DMRS port indication need to be defined. 
Proposal 3: Non-Transparent DMRS for MU-MIMO should be supported in NR.
Proposal 4: QCL assumption between DMRS ports should be taken into account when designing DCI table for antenna port(s) indication.
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Value

UE Rank port index

Value

UE Rank port index

0 1 0 0 5 0-4

1 1 1 1 6 0-5

2 1 2 2 7 0-6

3 1 3 3 8 0-7

4 1 4 4 reserve reserve

5 1 5 5 reserve reserve

6 1 6 6 reserve reserve

7 1 7 7 reserve reserve

8 1 8 8 reserve reserve

9 1 9 9 reserve reserve

10 1 10 10 reserve reserve

11 1 11 11 reserve reserve

12 2 0-1 12 reserve reserve

13 2 2-3 13 reserve reserve

14 2 4-5 14 reserve reserve

15 2 6-7 15 reserve reserve

16 2 8-9 16 reserve reserve

17 2 10-11 17 reserve reserve

18 3 0-2 18 reserve reserve

19 3 3-5 19 reserve reserve

20 3 6-8 20 reserve reserve

21 3 9-11 21 reserve reserve

22 4 0-3 22 reserve reserve

23 4 4-7 23 reserve reserve

24 4 8-11 24 reserve reserve

25 reserve reserve 25 reserve reserve

26 reserve reserve 26 reserve reserve

27 reserve reserve 27 reserve reserve

28 reserve reserve 28 reserve reserve

29 reserve reserve 29 reserve reserve

One Codeword (<=4 layers)

Codeword 0 enabled,

Two Codewords (>4 layer)

Codeword 0 enabled,
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Value

Total layer

number

UE Rank DMRS ports MIMO mode

0 1 1 0 SU-MIMO

1 2 1 0 MU-MIMO

2 2 1 1 MU-MIMO

3 2 2 0-1 SU-MIMO

4 3 1 0 MU-MIMO

5 3 1 1 MU-MIMO

6 3 1 2 MU-MIMO

7 3 2 0-1 MU-MIMO

8 3 3 0-2 SU-MIMO

9 4 1 0 MU-MIMO

10 4 1 1 MU-MIMO

11 4 1 2 MU-MIMO

12 4 1 3 MU-MIMO

13 4 2 0-1 MU-MIMO

14 4 2 2-3 MU-MIMO

15 4 3 0-2 MU-MIMO

16 4 4 0-3 SU-MIMO

17

5 1 0

MU-MIMO

18

5 1 1

MU-MIMO

19

5 1 2

MU-MIMO

20

5 1 3

MU-MIMO

21

5 1 4

MU-MIMO

22

5 2 0-1

MU-MIMO

23

5 2 2-3

MU-MIMO

24

5 3 0-2

MU-MIMO

25

5 4 0-3

MU-MIMO

26

5 5 0-4

SU-MIMO

27

6 1 0

MU-MIMO

28

6 1 1

MU-MIMO

29

6 1 2

MU-MIMO

30

6 1 3

MU-MIMO

31

6 1 4

MU-MIMO

32

6 1 5

MU-MIMO

33

6 2 0-1

MU-MIMO

34

6 2 2-3

MU-MIMO

35

6 2 4-5

MU-MIMO

36

6 3 0-2

MU-MIMO

37

6 3 3-5

MU-MIMO

38

6 4 0-3

MU-MIMO

39

6 6 0-5

SU-MIMO


