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Introduction
 In the RAN1#89 meeting, the following working assumptions were made [1]:
 
	R1-1709477	WF on DL DMRS multiplexing in the time domain	ZTE, Qualcomm
Working assumptions:
· For DMRS port multiplexing schemes on 2 adjacent front-loaded DMRS symbols in the time domain:
· Support DMRS configurations with two alternatives
· Time domain OCC (TD-OCC) of antenna ports is supported. In addition, for the other alternative only one of following is supported:
· Option 1A: TDM of antenna ports
· Option 1B: Time domain repetition of all antenna ports
· Notes: 
· This is for both SU-MIMO and MU-MIMO
· If  1B is chosen then whether and/or not pattern shift is used must be decided


 
	R1-1709833	WF on Front-load DMRS design	Qualcomm, Huawei, HiSilicon, ZTE, Mediatek, Ericsson, Mitsubishi, LGE, ITL, Docomo, ETRI, CATT
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
· FFS: DMRS pattern before configuration, e.g., SIB1



In addition, the following agreement was made regarding CSI-RS density.

	R1-1706441	WF on CSI-RS density	LG Electronics, InterDigital, Intel, ITRI 
Agreements:
· At least CSI-RS for CSI acquisition, NR supports CSI-RS density d RE/RB/port for x-port CSI-RS
· Value(s) of d are at least d=1,1/2.
· For d<1, PRB-level comb-type transmission is supported.
· FFS whether offset value(s) can be the same or different across antenna ports
· FFS on supporting d>1 in the consideration of use case, e.g., NZP CSI-RS for IMR.
· FFS on the supported combinations of value(s) of x and d. 



Based on the agreements above, we make a comparison between different densities for additional DMRS symbols.

Configurations for frontloaded DMRS with one or two OFDM symbols
 In RAN1#88b, it was agreed to support 12 orthogonal DMRS ports for MU-MIMO. Although it is possible to support 12 orthogonal DMRS ports in one OFDM symbol, we recommend the following alternatives described in “Front-load DMRS Configuration 2”, in the working assumption

Proposal 1: Support 2 FD-OCC across adjacent REs in the frequency domain up to 6 ports (Alt. 1) for one front-loaded DMRS symbol and TDM when two front-loaded DMRS symbols are configured

Naturally, when two frontloaded DMRS symbols are supported by TDM, one OFDM symbol can support up to 6 ports. In case of two-OFDM symbols, it is recommended to adopt only the TDM configuration, “2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports”. Alternative 1fits in the TDD framework since there are no befits for supporting both TDM and FD-TD OCC configurations.
Density reduction across slots in the frequency domain
In RAN1#88b, it was agreed to support 12 orthogonal DMRS ports for MU-MIMO. Since 12 orthogonal ports require one or two OFDM symbols for frontloaded DMRS, a density reduction mechanism, similar to the scheme agreed for CSI-RS in RAN1#88bis, for DMRS can be used. In this contribution, we present some examples that will alleviate DMRS density in a resource block. In Figure 1, an example for the density reduced DMRS placement is shown. In the example, it is assumed that 4-bit OCC is used to multiplex four layers and one OFDM symbol is used to support 12 layers. Any DMRS pattern within a resource block can be used in the proposed scheme. 
In the example, a resource block with DMRS is placed in every other resource block such that the density is reduced by half. This scheme is also useful when frequency characteristic is flat since a need to measure every resource block can be omitted. Such a channel characteristic can be observed at high SHF (e.g., 30GHz). The evaluation results are shown in our companion contribution [2]. As shown in the companion contribution, in an environment where frequency selectivity is not present, spectrum efficiency gain can be obtained by using the PRB-combed DMRS configuration. With the similar motivation considered for CSI-RS designs in FD-MIMO, multiple RB designs can support low-density DMRS designs. The density of the DRMS configuration can be configurable with parameter d, indicating density per RE/RB/port.

Observation 1: Reduced density configuration for DMRS is useful when frequency characteristic remains constant across frequency subcarriers

[bookmark: _GoBack] Another useful feature of the proposed DMRS configuration is inter-cell interference avoidance. As shown in Figure 2, different stagger pattern can be assigned to different cell such that a cell edge UE does not experience the interference from the neighboring cell. 

Observation 2: Staggered DMRS patterns can support inter-cell interference avoidance
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[bookmark: _Ref480191724]Figure 1 Reduced density placement for DMRS, 50% reduction (d=1/2)
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[bookmark: _Ref481615854]Figure 2: Staggered DMRS pattern to avoid inter-cell interference


Proposal 2: Support configurable DMRS density in the frequency domain

Proposal 3: Support density reduced DMRS with density d RE/RB/port

Conclusion 

 In this contribution, the following observations and proposals are made.

Observation 1: Reduced density configuration for DMRS is useful when frequency characteristic remains constant across frequency subcarriers

Observation 2: Staggered DMRS patterns can support inter-cell interference avoidance

Proposal 1: Support 2 FD-OCC across adjacent REs in the frequency domain up to 6 ports (Alt. 1) for one front-loaded DMRS symbol and TDM when two front-loaded DMRS symbols are configured

Proposal 2: Support configurable DMRS density in the frequency domain

Proposal 3: Support density reduced DMRS with density d RE/RB/port
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