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Introduction
 In the RAN1 AH meeting, the following agreement was made [1]:
 
	R1-1701294	WF on DL DM-RS	Huawei, HiSilicon, IITH, CEWIT, IITM, Tejas Networks, Ericsson, Nokia, NTT DOCOMO, Mitsubishi, Softbank, Fujitsu, Xinwei, CATT
Agreements:
· Study the following options: 
· Option1: with 16 orthogonal DMRS ports or 
· Option2: with non-orthogonal  DMRS ports in addition to 8 orthogonal ports
· Other options are not precluded.


 
 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
[bookmark: _GoBack] In 3GPP, front-loaded (FL) configurations are recommended for fast decoding and channel estimation. In this section, sever-al FL configurations are discussed. In this contribution, we consider a configuration FL if DMRS symbols are placed in the two consecutive OFDM symbols. Note that unless specified, all DMRS ports considered in the configurations are orthogonal ports.

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.

	

[bookmark: _Ref468368294][bookmark: _Ref471807543]	Figure 1 : Config. with 8 DMRS ports
	

[bookmark: _Ref468464902]Figure 2 : Config. with 8 DMRS ports



	

[bookmark: _Ref468360764]Figure 3 : Config. with 8 DMRS ports
	

[bookmark: _Ref468464964]Figure 4 : Config. with 16 DMRS ports



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.

	

[bookmark: _Ref468441156]Figure 5 : Config. with 8 DMRS ports
	

[bookmark: _Ref468441158]Figure 6 : Config. with 8 DMRS ports



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.

	

[bookmark: _Ref468720949]Figure 7 : Config. with 8 DMRS ports
	

[bookmark: _Ref468465645]Figure 8 : Config. with 8 DMRS ports



	

[bookmark: _Ref468465646]Figure 9 : Config. with 8 DMRS ports
	

[bookmark: _Ref468465200]Figure 10 : Config. with 16 DMRS ports




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.

	

[bookmark: _Ref468722559]Figure 11 : Config. with 8 DMRS ports
	

[bookmark: _Ref468449091]Figure 12 : Config. with 16 DMRS ports



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.

	

[bookmark: _Ref468294840]Figure 13 : Config. with 8 DMRS ports
	

[bookmark: _Ref468295843]Figure 14 : Config. with 16 DMRS ports



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.

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

In our companion contribution [2], the DMRS configuration shown in Figure 15 is used to realize 16-orthogonal DMRS ports.



[bookmark: _Ref474229526]Figure 15 : 16-orthogonal DMRS port configuration 

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.


DMRS configurations for front-loaded placements with reduced density
In Figure 16 and Figure 17, configurations that allow the maximum of 8 orthogonal DMRS port multiplexing are shown. DMRS density shown in Figure 16 and Figure 17 can be reduced to 1/2 and 1/3, respectively.

	

[bookmark: _Ref468368189]	Figure 16 : Density reduced config. with 8 DMRS ports, 1/2 density
	

[bookmark: _Ref468368198]Figure 17 : Density reduced config. with 8 DMRS ports, 1/3 density



In Figure 18 and Figure 19, configurations that can support up to 16 orthogonal DMRS ports are shown. 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.

	

[bookmark: _Ref468369174]Figure 18 : Density reduced config. with 16 DMRS ports, 1/2 density
	

[bookmark: _Ref468369177]Figure 19 : Density reduced config. with 16 DMRS ports, 1/2 density



In the configurations shown in Figure 20 and Figure 21, 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 22. The DMRS are placed in different RBs to support up to 16 orthogonal ports. Configurations with reduced density is shown through Figure 23 to Figure 25. In Figure 23, one OFDM symbol is dedicated to DMRS and two RBs are used to support up to 16 ports. In the configurations shown in Figure 24 and Figure 25, OCCs are used to increase the number of supportable orthogonal ports. In addition, DMRS density is reduced by sending DMRS in different RBs.
	

[bookmark: _Ref468450212]Figure 20 Density reduced config. with 16 DMRS ports, 1/2 density
	

[bookmark: _Ref468450213]Figure 21 Density reduced config. with 16 DMRS ports, 1/2 density

	

[bookmark: _Ref468450282]Figure 22 : Density reduced config. with 16 DMRS ports, 1/2 density
	

[bookmark: _Ref468450483]Figure 23: Density reduced config. with 8 DMRS ports, 1/2 density

	

[bookmark: _Ref468451189]Figure 24: Density reduced config. with 8 DMRS ports, 1/2 density
	

[bookmark: _Ref468450484]Figure 25: Density reduced config. with 16 DMRS ports, 1/2 density



 With the similar motivation considered for CSI-RS designs in FD-MIMO, multiple RB designs can support low-density DMRS designs.
	
Proposal 1: Consider multiple RB designs for reduced DMRS density

In addition, we recommend 2, 4 and 8 bit OCC for multiplexing DMRS. While 2 or 4 bit OCC allows localized region for multiplexing in both time and frequency domain, 8 bit OCC is useful for multiplexing large number of layers in the environment in which selectiveness of time or frequency is not severe. 

Proposal 2: Support 8-bit OCC

Conclusion 

The proposed DMRS placements are shown in Section 2. The following proposal is made based on the designs described in this contribution:

Proposal 1: Consider multiple RB designs for reduced DMRS density

Proposal 2: Support 8-bit OCC


References
[bookmark: ref_chairmansnote][1]	Draft Minutes Report of 3GPP TSG RAN WG1 AH, Spokane, USA, Jan. 2017
[bookmark: ref_MELCO_DMRS_perf_Athens][2]	R1-1702752, “Performance evaluations of DMRS designs for NR MIMO,” Mitsubishi Electric, 3GPP RAN1#88, Athens, Greece, Feb. 2017.

Microsoft_Visio___1.vsdx
time
frequency



image2.emf
time

frequency


Microsoft_Visio___2.vsdx




time
frequency



image3.emf
time

frequency


Microsoft_Visio___3.vsdx
time
frequency



image4.emf
time

frequency


Microsoft_Visio___4.vsdx




time
frequency



image5.emf
time

frequency


Microsoft_Visio___5.vsdx
time
frequency



image6.emf
time

frequency


Microsoft_Visio___6.vsdx
time
frequency



image7.emf
time

frequency


Microsoft_Visio___7.vsdx
time
frequency



image8.emf
time

frequency


Microsoft_Visio___8.vsdx
time
frequency



image9.emf
time

frequency


Microsoft_Visio___9.vsdx
time
frequency



image10.emf
time

frequency


Microsoft_Visio___10.vsdx




time
frequency



image11.emf
occ

0

occ

2

occ

0

occ

2

occ

1

occ

3

occ

1

occ

3

occ

0

occ

2

occ

0

occ

2

occ

1

occ

3

occ

1

occ

3

time

frequency


Microsoft_Visio___11.vsdx
occ0
occ2

occ0
occ2

occ1
occ3

occ1
occ3

occ0
occ2

occ0
occ2

occ1
occ3

occ1
occ3

time
frequency



image12.emf
occ 

0

occ 

1

occ 

2

occ 

3

time

frequency


Microsoft_Visio___12.vsdx
occ 0
occ 1
occ 2
occ 3
time
frequency



image13.emf
time

frequency

DMRS


Microsoft_Visio___13.vsdx
time
frequency
DMRS



image14.emf
time

frequency

DMRS

Port : #0-7

DMRS

Port : #8-15


Microsoft_Visio___14.vsdx
time
frequency
DMRS
Port : #0-7
DMRS
Port : #8-15



image15.emf
0-7 layer 8-15 layer


Microsoft_Visio___15.vsdx
0-7 layer
8-15 layer



image16.emf
frequency

RB 

1

RB 

0


Microsoft_Visio___16.vsdx
frequency
RB 1
RB 0



image17.emf
frequency

RB 

1

RB 

0


Microsoft_Visio___17.vsdx
frequency
RB 1
RB 0



image18.emf
frequency

RB 

1

RB 

0


Microsoft_Visio___18.vsdx
frequency
RB 1
RB 0



image19.emf
frequency

RB 

1

RB 

0


Microsoft_Visio___19.vsdx
frequency
RB 1
RB 0



image20.emf
frequency

RB 

1

RB 

0


Microsoft_Visio___20.vsdx
frequency
RB 1
RB 0



image21.emf
frequency

RB 

1

RB 

0


Microsoft_Visio___21.vsdx
frequency
RB 1
RB 0



image22.emf
frequency

RB 

1

RB 

0


Microsoft_Visio___22.vsdx
frequency
RB 1
RB 0



image23.emf
frequency

RB 

1

RB 

0


Microsoft_Visio___23.vsdx
frequency
RB 1
RB 0



image24.emf
occ 

0

occ 

2

occ 

1

occ 

3

frequency

RB 

1

RB 

0


Microsoft_Visio___24.vsdx
occ 0
occ 2

occ 1
occ 3

frequency
RB 1
RB 0



image25.emf
occ 

0

occ 

1

occ 

2

occ 

3

frequency

RB 

1

RB 

0


Microsoft_Visio___25.vsdx
occ 0

occ 1

occ 2
occ 3
frequency
RB 1
RB 0



image1.emf
time

frequency


