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Introduction
 In the RAN1#87 meeting, the following agreement was made [1]:
 
	R1-1613651	WF on DMRS Pattern Evaluation	LG Electronics, NTT DOCOMO, Samsung, Intel, MediaTek
Agreements:
· Organize two email discussions i) to collect companies proposals on DMRS design for DL data channel for NR to facilitate evaluation for the next RAN1 meetings till 8th Dec. and ii) to discussion/agree on simulation assumptions till 15th Dec. – Hyunsoo (LGE)
· The companies are encouraged to provide DM-RS patterns including DM-RS design details such as
· Time domain density (per antenna port) for different ranks (e.g., number of DMRS symbols in slot, symbol position, etc.)
· Frequency domain density (per antenna port) for different ranks
· The number of maximum orthogonal ports
· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)


 
 We introduce DMRS patterns for DL NR-SU/MU-MIMO. The main focus of the pattern is front-loaded based design with or without reduced density. The proposed designs can support up to 16 orthogonal DMRS ports. The proposed designs can also be applied to 7 or 14-symbol slot with a slight modification to the pattern.
Front-loaded DMRS designs
Notation of DMRS configurations for front-loaded DMRS designs
 In 3GPP, front-loaded (FL) configurations are recommended for fast decoding and channel estimation. In this section, sever-al FL configurations are discussed. For ease of descriptions, the configurations are described with the following notation:

“T”N1-“FG”N2-“TR”N3-“C”N4-“L”N5

N1: # of OFDM symbols over which OCC is applied
N2: # of groups (repetitions of a DMRS pattern) of subcarriers in the frequency domain, “s” is attached there is a gap between groups
N3: # of repetitions of the group (with size N2) in the time domain, 
N4: Length of OCC in bits
N5: Number of supported orthogonal DMRS ports, “c” is appended after N5 if a comb pattern is used 

FL configurations can be indicated by the number of OFDM symbols the DMRS configuration spans over in the time domain and number of groups of DMRS in the frequency domain. In this contribution, we consider a configuration FL if DMRS symbols are placed in the two consecutive OFDM symbols.

DMRS Configurations for front-loaded placements
OCC across two consecutive OFDM symbols, 2-bit OCC

An example of FL DMRS placement is shown in Figure 1. In the configuration, OCC is applied over two consecutive OFDM symbols. A group of DMRS consists of 8 DMRS symbols. Each pair of reference symbols is coded with two-bit OCC. In the figure, a configuration that supports 8 orthogonal ports is shown. Two groups of DMRS are placed with a gap in-between the groups so that frequency selectivity can be estimated. In the configuration, red, blue, orange and yellow DMRS symbols can be used for port #0-1, port #2-3, port #4-5 and port #6-7, respectively. In the configuration shown in Figure 2, two groups are placed with no gap in-between. In Figure 3, a configuration with three groups of DMRS symbols are placed across two OFDM symbols.
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In Figure 4 configurations that support 16 orthogonal ports are shown. In the configurations, DMRS symbols dedicated for extra eight ports are indicated in striped boxes. In Figure 4, the first group and second group are dedicated for port #0 through #7 and port #8 through #15, respectively. In both configurations, 2-bit OCC are applied across two consecutive OFDM symbols. 
The configurations shown in Figure 5 and Figure 6 are generated by multiple copies of the first group in different OFDM symbols. Such configurations may be necessary in the high speed scenario in which time selectivity of the channel is high.
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OCC across subcarriers, 2-bit OCC

In SHF, OCC across subcarriers can be considered since high frequency selectivity is not expected in a resource block. The front-loaded configurations in which 2-bit OCC is used are shown in Figure 7. In the configurations shown in Figure 8, a placement pattern is repeated twice the frequency domain. In Figure 9, a placement pattern is repeated three times in the frequency domain. The configuration in Figure 10 support 16 orthogonal ports.
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OCC across subcarriers and time, 4-bit OCC

OCC can be applied across frequency domain or time domain. The configurations shown in Figure 11 can be used to support 8 orthogonal DMRS ports. In the example shown in Figure 11, OCC is applied in both time and frequency domain. In the configuration shown in Figure 11, OCC is applied across DMRS in different subcarriers and OFDM symbols while the same sequences of OCC can be applied only across OFDM symbols, as shown in Figure 12.
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Multiple-bit OCC across DMRS in one OFDM symbol 

An example of a FL configuration of DMRS is shown in Figure 13. In the example, a DMRS sequence consisting of 8 symbols are placed in the third OFDM symbol. Using orthogonal cover code of length 8, up to 8 orthogonal sequences can be supported by the configuration. The number of orthogonal DMRS sequences can be increased by having copies of the configurations in the time domain, as shown in Figure 14. In Figure 14, two DMRS sequences are inserted as FL configurations. The configuration shown in Figure 14 demonstrates an implementation in which 16 DMRS orthogonal ports are supported.
With the one-symbol DMRS configuration, CSI on all layers can be estimated. This configuration must be used in the condition that there is no frequency selectivity in the channel due to the use of 8-bit OCC.
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From the analysis above, it is clear that the front-loaded configurations with 2 symbols can support flexible placement of DMRS and application of OCC across time and frequency. Not only the front-loaded configurations support fast processing, it can also support various number of DMRS orthogonal ports.

[bookmark: _GoBack]Proposal 1: Support two-symbol front-loaded configurations, e.g., patterns shown in Figure 1 through Figure 6, Figure 8 through Figure 12, and Figure 14 

RB paired based configurations for DMRS density reduction

Notation of DMRS configurations for FL DMRS designs with reduced DMRS density
Placement of DMRS in one resource block limits the space for data symbols. One way to reduce the DMRS density is to distribute the placement over multiple resource blocks. For the reduced density (RD) placement, the notation used to describe configurations is shown below.

“T”N1-“FG”N2-“TR”N3-“C”N4-“L”N5-density

where the descriptions of N1, N2, N3, N4 and N5 are shown in the previous section.

DMRS configurations for front-loaded placements with reduced density
In Figure 15 and Figure 16, configurations that allow the maximum of 8 orthogonal DMRS port multiplexing are shown. In Figure 15, the configuration shown in Figure 1 is split in half. In Figure 16, the configuration shown in Figure 3 is split in third. In both configurations, the DMRS density is reduced to 1/2.
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In Figure 17 and Figure 18, configurations that can support up to 16 orthogonal DMRS ports are shown. Placement of DMRS symbols follow the pattern shown in Figure 1. However, DMRS symbols in RB0 and RB1 are dedicated for different ports. For example, DMRS symbols in RB1 can be used for port #0-7 while the DMRS symbols in RB0 are reserved for port #8-15. In both configurations, the DMRS density is 1/2.
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In the configurations shown in Figure 19 and Figure 20, DMRS symbols are placed across different OFDM symbols and RBs to support up to 16 orthogonal ports. One OFDM symbol based DMRS is shown in Figure 21. The DMRS are placed in different RBs to support up to 16 orthogonal ports. Configurations with reduced density is shown through Figure 22 to Figure 24. In Figure 22, one OFDM symbol is dedicated to DMRS and two RBs are used to support up to 16 ports. In the configurations shown in Figure 23 and Figure 24, OCCs are used to increase the number of supportable orthogonal ports. In addition, DMRS density is reduced by sending DMRS in different RBs.
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 With the similar motivation considered for CSI-RS designs in FD-MIMO, multiple RB designs can support low-density DMRS designs.
	
Proposal 2: Consider multiple RB designs for reduced DMRS density

Increasing the number of quasi-orthogonal DMRS sequences

 The number of quasi-orthogonal sequences can be generated, creating quasi-orthogonal DMRS ports for co-scheduled UEs. The PN sequence based DMRS generation method used in LTE can be implemented in NR. The scrambling ID can be varied to increase the number of quasi-orthogonal sequences. For example, two sets of 16 orthogonal DMRS sequences can be generated by using a different seed for PN sequences to create 32 quasi-orthogonal sequences.

Proposal 3: Support at least 32 quasi-orthogonal DMRS ports



Conclusion 

The proposed DMRS placements are shown in Section 2 and 3. Performance evaluations of the DMRS designs are shown in our companion contribution [2]. The following proposals are made based on the designs described in this contribution:

Proposal 1: Support two-symbol front-loaded configurations, e.g., patterns shown in Figure 1 through Figure 6, Figure 8 through Figure 12 and Figure 14 

Proposal 2: Consider multiple RB designs for reduced DMRS density

Proposal 3: Support at least 32 quasi-orthogonal DMRS ports
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