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1 Introduction
In RAN#86bis the following agreement was made with respect to DM-RS support in NR [1]:

	Agreements:
· Study variable/configurable DL/UL RS pattern for demodulation 

· For data channel and control channel
· At least density can be configurable

· FFS: other configurability

· The applicable scenarios need to be studied

· Study multi-set DL/UL RS for control and/or data demodulation 

· The first set is front-loaded (i.e. loaded in the front of RB) 

· Other set(s) can be configured for different purposes

· Details FFS (e.g. higher frequency/time density, Rx beam detection, RSRP/CSI-reporting, phase noise compensation)

Agreements:
· Study design of demodulation RS for broadcast channel, control channel and data channel

· Separate vs. joint design

· Study on design of demodulation RS for data channel 

· Whether or not the same principle for UL and DL RS pattern design 

· How to map DM RS in symbols of a slot

· Max # of orthogonal DL DMRS ports for SU/MU-MIMO scheduling


In this contribution we provide our views regarding DM-RS design for NR considering study items above.
2 Discussion

DM-RS density
DM-RS density affect the efficiency of the channel estimation especially for the low SNRs values. Typically higher pilot density provides higher channel estimation gains at the cost of the increased overhead. To achieve good trade-off between the overhead and channel estimation processing gains, it is proposed to reuse LTE DM-RS density at least for DM-RS design for 1-4 MIMO layers, i.e. to allocate 12 REs per PRB per antenna port. For MIMO layers 5-8 the density of DM-RS can be reduced given that higher transmission rank can be only achieved in high SNR regime and non-frequency selective channel. For such DM-RS pattern can be design assuming two or more PRBs in the RBG. It is also proposed to support additional DM-RS patterns with nested structure with reduced/increased DM-RS density depending on the propagation environment that can be configured by gNB. The variable DM-RS density may be also beneficial for MMSE-IRC receivers to support more accurate interference measurements e.g. for 4 antenna port capable UEs.
DM-RS REs spacing

The DM-RS REs spacing affects the performance of channel estimation. The optimal DM-RS REs spacing in time domain and frequency domain depends on the channel parameters, such as Doppler spread and Delay spread. To satisfy the system requirements of NR, for example, the support of high speed mobility up to 500 km/h and a channel with large delay spread, it is proposed to consider maximum DM-RS spacing in time domain limited to no more than 3-4 OFDM symbols and no more than 6 subcarriers in the frequency domain similar to DM-RS in LTE. The localized transmission of the DM-RS REs in time domain can also to reduce processing time associated with buffering of the received channel for channel estimation.

Extrapolation vs Interpolation
From the MMSE channel estimation perspective, the extrapolation, in general, is less accurate than interpolation. So to avoid the extrapolation for channel estimation, it is proposed to allocate the DM-RS REs near or at the PRB boundaries. OFDM symbols and subcarrier in the PRB used for DM-RS can be further tuned as the structure of physical channel and other RS becomes clearer.
DM-RS pattern shift and ZP DM-RS
To ensure the accurate channel estimation, the orthogonal property of pilots used in each of TRP should be supported. This means that the DM-RS collision should be avoided by configuring DM-RS shifts, e.g. in time or frequency domain. In addition to support advanced receiver operation relying on the channel estimation for the neighbouring TRP and MU-MIMO with orthogonal DM-RS antenna port support of ZP DM-RS should be considered. 
Power boosting on DM-RS
DM-RS should support power boosting and de-boosting to achieve the better trade-off between channel estimation efficiency and data channel performance. In the interference limited scenarios support of the collided DM-RS REs offset the power boosting gains. Therefore, configurable DM-RS REs shift should be supported. In addition to minimize the power loss on data REs the number of DM-RS REs per OFDM symbol should be reduced. To avoid power variation in time domain DM-RS pattern should support DM-RS transmission in each of OFDM symbols within PRB.
Flexible duration of slot 
In NR the PDSCH-start and PDSCH-end can be relatively flexibly indicated to the UE to support for control signalling transmission, guard interval, CSI-RS or SRS signals. Therefore DM-RS pattern should accommodate the possible changes in downlink subframe duration. The following options for DM-RS pattern modification can be considered.

· Deletion of the OFDM symbols without DM-RS REs
· Puncturing some of OFDM symbols with DM-RS REs

Number of DM-RS REs per OFDM symbol in PRB
NR potentially may support TxD scheme relying on SFBC precoding. To avoid orphan REs in resource allocation DM-RS pattern should have even number of REs in OFDM symbols. 

Support of DFT-s-OFDM


The number of DM-RS REs per OFDM symbol can be reduced to support low PAPR multiplexing of DFT-s-OFDM waveform and uplink data channel. 
DM-RS pattern

The proposed DM-RS patterns supporting the features discussed above are presented in Figures 1-4.
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Figure 1: Illustration of baseline DM-RS pattern and DM-RS pattern with increased / reduced DM-RS density
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Figure 2: Illustration of configurable DM-RS pattern shift to avoid DM-RS collision
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Figure 3: Illustration of ZP DM-RS pattern to support advanced receiver and MU-MIMO
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Figure 4: Illustration of DM-RS pattern modifications for variable TTI length
It should be noted dedicated OFDM symbol with low PAPR sequence such as ZC may be considered as another DM-RS design option for NR. In this case one of the challenges is flexible support of MU-MIMO pairing with orthogonal DM-RS antenna ports with partially overlapping resource allocations. To achieve more flexible pairing with orthogonal DM-RS antenna ports consider support of block concatenation of the two or more ZC sequences for DM-RS within resource allocation of the UE.
3 Summary

In this contribution we provide our views regarding DM-RS design for NR. The following proposals were made:

· The baseline DM-RS density for NR is 12 REs per antenna port per PRB similar to LTE. The additional DM-RS pattern with reduced / increased DM-RS density and nested property should be supported to achieve different tradeoffs between channel / interference measurement accuracy and DM-RS overhead. 

· DM-RS pattern for 5-8 MIMO layers may support reduced DM-RS density should be designed for PRB bundle assuming multiple adjacent PRBs
· DM-RS RE spacing in frequency domain should be 6 REs similar to LTE and DM-RS RE spacing in time domain should be ~3 OFDM symbols to accommodate the high speed scenario of 500kmph
· To minimize the extrapolation consider to allocate the DM-RS REs near or at the PRB boundaries in the baseline DM-RS pattern
· DM-RS pattern should have small number of REs per OFDM in PRB to support efficient power boosting and DFT-s-OFDM
· DM-RS should support DM-RS shift to avoid DM-RS collision and support power boosting / de-boosting on DM-RS configurable by gNB

· NR should support ZP DM-RS for advanced receivers and MU-MIMO operation
· Two approaches for DM-RS pattern modification using PDSCH and DM-RS REs puncturing should be supported in NR 

· Consider the DM-RS patterns illustrated in Figures 1-4 for further DM-RS evaluations and study
· If DM-RS with dedicated OFDM symbol with ZC sequence is adopted for NR, consider support of block concatenation of the two or more ZC sequences for DM-RS within resource allocation of the UE.  
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