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1. Introduction
Regarding the front-load DMRS for UL/DL CP-OFDM, RAN1 achieved the following working assumption in RAN1 #89 meeting:
· 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

· FFS: DMRS pattern before configuration, e.g., SIB1

This contribution discusses the down-selection from the multiple alternatives proposed in the last meeting.
2. Discussion
General
In our view, the frequency domain density of front-load DMRS should be flexible and configurable, so as to adapt to the diverse deployment scenarios of NR. In detail, the following scenarios should be covered:

· Common scenarios applicable for both LTE and NR: where the NR DMRS density (front-load DMRS and additional DM-RS) is considered to be similar to that of LTE DMRS.
· Low SNR, large delay spread / large subcarrier spacing scenarios: where the frequency domain density of front-load DMRS should be increased to ensure robust channel estimation performance.
· High SNR, small delay spread scenarios: where the frequency domain density of front-load DMRS should be reduced to save DMRS overhead.
Proposal 1: The frequency domain density of front-load DMRS is flexible and configurable, to adapt to the diverse deployment scenarios of NR.
Front-load DMRS Configuration 1
According to the discussion above, for front-load DMRS Configuration 1 with one OFDM symbol, Alt 2 is selected to be used in the high SNR and small delay spread scenarios. 
Proposal 2: Select Alt 2 for front-load DMRS Configuration 1 with one OFDM symbol.

For front-load DMRS Configuration 1 with two OFDM symbols, considering the scenarios of low frequency and high frequency with phase noise [1] [2], we think 1 Alt with TD-OCC and 1 Alt with time domain repetition should be selected. Then:

· Alt 1 is selected as a TD-OCC scheme.
· For time domain repetition, Alt 3 is more preferred than Alt 2 due to the following reasons: 1) the frequency domain density of Alt 3 is the same as that of LTE DL DMRS, 2) DMRS power boosting can be enabled when a small number of DMRS ports is used.
Proposal 3: Select Alt 1 and Alt 3 for front-load DMRS Configuration 1 with two OFDM symbols.

Front-load DMRS Configuration 2
As discussed in [3] [4] [5], higher frequency domain density of front-load DMRS can provide better channel estimation performance in the scenarios of low SNR and large delay spread / large subcarrier spacing. For NR, the carrier frequency is expected to be higher than that of LTE, and thus the coverage would be poorer and low SNR UEs’ performance should be enhanced; moreover, subcarrier spacing larger than 15 kHz is introduced for NR, for both low and high frequency bands.
Thus for front-load DMRS Configuration 2 with one OFDM symbol, Alt 3 is preferred, in order to cover the low SNR and large delay spread / large subcarrier spacing scenarios.
Proposal 4: Select Alt 3 for front-load DMRS Configuration 2 with one OFDM symbol.

3. Conclusion
This contribution discussed the front-load DMRS design, with the following proposals:
Proposal 1: The frequency domain density of front-load DMRS is flexible and configurable, to adapt to the diverse deployment scenarios of NR.

Proposal 2: Select Alt 2 for front-load DMRS Configuration 1 with one OFDM symbol.

Proposal 3: Select Alt 1 and Alt 3 for front-load DMRS Configuration 1 with two OFDM symbols.

Proposal 4: Select Alt 3 for front-load DMRS Configuration 2 with one OFDM symbol.
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