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Introduction
In RAN1 #87, the following agreements are achieved.
Agreement:
· Support variable/configurable DMRS pattern for data demodulation 
· FFS: Time and/or frequency domain density can be configured  
· FFS: RE location can be configured
Agreement:
· Support variable/configurable DMRS pattern for data demodulation 
· At least one configuration supports front-loaded DMRS pattern
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.)
· For the RAN1 NR Ad-hoc meeting, companies are encouraged to provide performance evaluation and to clarify the following aspects used for evaluation:
· Channel estimation method (e.g. IFFT type, MMSE type and LS type including assumptions on pipe-line or interpolation/extrapolation for data demodulation, etc.)
· PRB bundling assumption
· Considering of noise limited and interference limited scenarios
· Companies to state phase noise assumptions

In this contribution, we further discuss DMRS design framework. Evaluation results are also provided.
DMRS Design Framework
It is agreed that configurable DMRS should be facilitated. We think such variable/configurable DMRS should be designed with following features
a) Configurable with basic element. 
i. Basic elements are the basic patterns that could be used to construct variable patterns in the whole slot; 
b) Configuration indication through
i. RRC: Possibly Semi-statically configured;
ii. DCI: Dynamically triggered;
iii. Combined RRC and DCI: RRC configured, DCI triggered;
c) Configurability for:
i. Interference coordination;
ii. High Doppler;
iii. Receive beam sweeping;
iv. Phase noise compensation;
For the above mentioned basic element, there are mainly several design aspects:
a) For time domain length, the basic element has two fashions: one symbol and two symbol;
b) For frequency domain periodicity and densities per port, multiple values should be defined:
i.  Frequency domain periodicity: 1RB, 2RB, 4RB and others;
c) Port Multiplexing should be downselected between OCC, FDM, TDM, sequence cyclic shift etc.
With above specified basic element, configuration mainly include two kinds of information:
a) Selection of the basic element, including which basic element to choose;
b) Combination of the basic elements: how the basic elements are combined, including the absolute position of different basic elements.
Evaluations should mainly focus on which basic element and which combinations need to be included. 
The configurable framework of DMRS with basic element selection and combination should be established. 
Evaluation Results
In this section, we provide some initial evaluation results of DMRS design based on previous discussion. The following patterns are evaluated. 
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The corresponding results includes the following:
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From above results, it could be seen that for different deployment, the optimal density is different. Thus multiple values should be specified and the configurable design is important for implementation flexibility.
Under the above configurable DMRS design framework, multiple values of DMRS frequency domain density should be specified. 

Conclusions
In this contribution, we provide our understanding of DMRS design framework. Some initial evaluation results are provided.
1. The configurable framework of DMRS with basic element selection and combination should be established. 
1. Under the above configurable DMRS design framework, multiple values of DMRS frequency domain density should be specified. 

[bookmark: _In-sequence_SDU_delivery]Simulation Assumptions
	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz

	Number of TXRUs
	TRP = {2}，UE = {2}

	Transmission scheme
	SUMIMO，Rank1

	CSI feedback / Beam management scheme
	Ideal CSI feedback 

	Modulation order, Coding rate
	QPSK (1/2)

	Channel coding scheme
	LTE turbo coding 

	Channel estimation
	Real estimation 

	UE speed
	3 km/h
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