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1 Introduction
In this contribution we provide details on our downlink DM-RS design as well as highlight some DM-RS design issues to be considered in the following RAN1 study [1-2]. We also provide some example of possible DM-RS pattern optimizations that can be further considered. 
2 Discussion

DM-RS design principle
The key principle of DM-RS pattern construction is to minimize the number of DM-RS REs per OFDM symbol. In particular, it is proposed to limit the maximum density of 2 DM-RS REs per OFDM symbol. The proposed design principle offers several benefits including

· More scattered DM-RS patterns in time and frequency that provides robust channel estimation in different channel models with relative low DM-RS overhead

· Efficient DM-RS power boosting by power sharing with PDSCH

· Efficient PUSCH and DM-RS multiplexing for DFT-s-OFDM with low PAPR (applicable for UL)
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 12/24 REs per PRB for rank 1-2 and 3-8 cases.
Illustration of the DM-RS overhead impact on PDSCH performance in case of non-full buffer traffic model is shown in Table 1, where for reference the PDSCH performance with 144 PDSCH REs was used. It can be seen, that reduction in the number of DM-RS REs from 132 to 108 (~18%) results into ~40% packet throughput loss for cell edge UEs (5%-tile in CDF) for medium to high RUs. Therefore, the possible DM-RS overhead increase for the baseline DM-RS patterns should be avoided as much as possible except specific scenarios mentioned below.

Table 1: DM-RS overhead impact on PDSCH performance

	Traffic load (λ)
	low (1.2)
	medium (2.1)
	medium-high (2.8)

	Number of PDSCH REs
	132
	120
	108
	132
	120
	108
	132
	120
	108

	UE packet throughput loss, %
	Average
	0.0
	-11.4
	-20.1
	0.0
	-13.2
	-24.5
	0.0
	-15.6
	-30.3

	
	5% 
	0.0
	-10.4
	-22.3
	0.0
	-15.9
	-31.3
	0.0
	-20.5
	-39.4

	
	50% 
	0.0
	-10.2
	-21.4
	0.0
	-14.2
	-28.0
	0.0
	-17.8
	-34.4

	
	95%
	0.0
	-13.8
	-17.3
	0.0
	-13.8
	-17.4
	0.0
	-13.8
	-18.5

	RU
	12%
	14%
	16%
	24%
	28%
	32%
	37%
	43%
	49%


For some cases it may be possible to optimize the PDSCH performance by changing DM-RS overhead. In particular, it is proposed to support additional DM-RS patterns with nested structure with increased DM-RS density that can be configured by TRP depending on the propagation environment (e.g. for high speed scenario). Such increased 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 or interference patterns with short TTIs (e.g. URLLC). By similar reason, the reduced DM-RS density patterns can be introduced to reduce overhead for scenario with low mobility (e.g. for indoor deployment). However, further study is needed on necessity of such optimizations. 
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 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 offsets 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.
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. 

Symmetric DL/UL design

In TDD scenarios with dynamic UL/DL configuration the orthogonal DM-RS antenna ports can be used to improve the channel estimation performance for UE and TRP. Therefore, same DM-RS pattern design for DL and UL should be considered for DM-RS design.
Possible optimization DM-RS pattern for PRB bundling
It should be noted that for the scenarios with PRB bundling (e.g. FDD scenario) the channel estimation can be performed across multiple adjacent PRBs. In this case the proposed DM-RS patterns in Figure 1 across PRBs has non-uniform structure. In order to achieve more uniform placement of DM-RS REs, which may be beneficial for multi-PRB channel estimation, the DM-RS patterns can be slightly modified as shown in Figure 2 without significant changes to the key design principles. However, further discussion is needed in RAN1 whether single-PRB channel estimation assumption, which is more relevant to TDD system, or multi-PRB channel estimation, which is more relevant to FDD system, should be considered as baseline for DM-RS pattern optimization.
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Figure 1: Possible optimizations DL/UL DM-RS patterns for multi-PRB channel estimation with PRB bundling
The examples of DM-RS pattern for larger/smaller DM-RS density supporting DM-RS shift and having more uniform pattern optimized for multi-PRB channel estimation is shown in Figures 2-3. Figure 4 shows the use of ZP DM-RS to support higher order MU-MIMO, advanced receivers and orthogonal multiplexing of DL and UL DM-RS.
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Figure 2: Illustration of baseline DM-RS pattern and DM-RS pattern with increased / reduced DM-RS density
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Figure 3. Illustration of the RRC configurable DM-RS shifts to avoid DM-RS collision
[image: image9.emf]DM-RS REs for 0,1 antenna port

ZP DM-RS REs


Figure 4: Illustration of ZP DM-RS pattern to support advanced receiver and higher order MU-MIMO
3 Summary

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

· DM-RS pattern should be designed assuming small number of REs per OFDM in PRB to support efficient power boosting by flexible sharing of power between DM-RS and data channel, low PAPR multiplexing of DM-RS with PUSCH for DFT-s-OFDM (applicable to UL), providing more scattered DM-RS patterns in time and frequency.

· The baseline DM-RS density for NR is at most 12 REs for1-2 MIMO layers and at most 24 REs for 3-8 MIMO layers port per PRB similar to LTE. The additional DM-RS pattern with reduced / increased DM-RS density and nested property can be supported to achieve different tradeoffs between channel / interference measurement accuracy and DM-RS overhead. However further study on the need on such optimizations for NR.
· DM-RS RE spacing in the frequency domain should be ~6 REs similar to LTE and DM-RS RE spacing in time domain should be ~3-4 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 should support DM-RS shift to avoid DM-RS collision for more efficient power boosting on DM-RS REs, where shift can be configurable by TRP
· NR should support ZP DM-RS for advanced receivers and higher order MU-MIMO operation
· Fully symmetric DM-RS design for DL and UL should be considered for dynamic TDD

· Consider the DM-RS patterns illustrated in Figures 1-4 for further DM-RS evaluations and study
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Appendix
	Parameter for SLS
	Value

	Scenario
	Urban macro

	Layout
	Single layer: Macro layer: Hex. Grid

	Channel model
	3D UMa, ISD = 500 m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	10 MHz per CC

	Tx power
	BS: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. 

	UE distribution
	80% Indoor / 20% Outdoor Uniform

	BS antenna configuration
	8x8x2 URA X-pol, slants -45/+45 degree, 
1x8x2 TXRU layout
0.5-wavelength horizontal spacing

0.8-wavelength vertical spacing

	UE antenna configuration
	2 Rx X-pol, slant 0/90 degrees 

	Traffic model
	FTP 1

	TRP association
	RSRP based
Handover margin = 3dB

	CSI feedback
	LTE codebook; (N1,N2) = (8,1); (O1,O2) = (4,1);

Codebook Config. 1. i1 feedback only

	Transmission mode
	DM-RS based SU-MIMO

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4
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