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1. Introduction
At the RAN1 #88 meeting, we have reached the following agreements [1]:
	Agreements:
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 
· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
Agreements:
· Confirm working assumption with some updates:
· Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols
· NR aims for performance at least comparable to DM-RS of LTE in scenarios where applicable for both LTE and NR
Agreements:
· For DL DMRS port multiplexing, FDM (including comb), CDM (including OCC and Cyclic shift) and TDM should be considered
· For the CDM of DMRS ports in time and/or frequency domain
· FFS for OCC based or cycling based
· FFS: supporting CDM across adjacent REs 
· FFS: supporting cyclic shift across non-adjacent REs
· FFS OCC size
· Support PN sequence for CP-OFDM
· FFS: ZC-sequence for CP-OFDM
· FFS: For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol is supported
· FFS: For the case of front-loaded DMRS pattern with 8 ports, two adjacent OFDM symbols are supported
· For high Doppler scenario, down selects from the followings
· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS
· Additional DMRS with same density in frequency domain compared to front loaded DMRS
· Note that: Front loaded DMRS can be configured with low density
· Note: the complementary use of PT-RS for high Doppler channel estimation can be considered when determining the number of the additional DMRS.
· Other option is not precluded
· Support DMRS bundling in time domain
· At least time domain bundling with slot aggregation of DL-only slots is supported
· DMRS pattern within the first slot is not impacted by the time domain DMRS bundling
· FFS: Consider further overhead reduction of DMRS in case of bundling in time domain
· Consider whether to use mechanism of UE-assisted DMRS configuration. 
· Consider  whether to use UE-assisted configuration of PRG size
Working assumption:
· Support at least the following design of DL DM-RS for data channels
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO
· Companies are encouraged to perform SLS especially assuming practical channel and interference estimations
Agreements:
· Study further DMRS configuration(s) for CP-OFDM (DL&UL) and DMRS configuration(s) for DFT-s-OFDM (UL) for a given number of antenna ports, considering at least:
· DMRS pattern/position, multiplexing scheme, MU-MIMO (within CP-OFDM UEs, between CP-OFDM&DFT-s-OFDM UEs), etc.
· Whether or not to have the same number configuration(s) in DL and UL for CP-OFDM
· Possible frequency domain configurations considering:
· DMRS overhead 
· Channel estimation performance
· Possible time domain configurations assuming the following scenarios 
· Low, Medium, high, & very high mobility
· Carrier frequency
· Latency


In this contribution, we provide our views on open issue and evaluation results for DM-RS. 
2. Views on open issue for DM-RS
2.1. Number of DM-RS pattern
In [2], a number of DM-RS patterns were proposed. From the viewpoint of RAN4 test [3, 4], it is preferable to reduce DM-RS patterns as much as possible. In order to minimize the number of DM-RS patterns, one of the candidate approaches is to assume some use cases and decide the DM-RS patterns for each case. Table 1 shows the example of use case categorization for DM-RS. In this table, we assume mainly two cases, carrier frequency of below 6 GHz with subcarrier spacing of 15, 30, and 60 kHz, and above 6 GHz with subcarrier spacing of 60, 120, 240, and 480 kHz. As for mobile speed, we assume three use cases, low (e.g., ~30 km/h), medium / high (e.g., ~250 km/h), and very high (e.g., ~500 km/h). As for latency, we assume support and non-support for low latency. For the number of transmission layers, we assume three cases depending on mobile speed, up to 12 layers for low mobility, up to 6 or 12 layers for medium/high mobility, and up to 2 or 4 layers for very high mobility. Based on this discussion, we propose the following. 

Table 1  Example of use case categorization for DM-RS. 
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Proposal 1:
· The number of DM-RS patterns to be supported should be minimized. 
· DMRS patterns are designed for the following use cases. 
· Below 6 GHz (4 GHz)
· Subcarrier spacing: 15, 30, and 60 kHz.
· Mobile speed: Low (e.g., ~30 km/h), medium / high (e.g., ~250 km/h), and very high (e.g., ~500 km/h)
· Low latency: Support and non-support
· The number of layers: 12 for low mobility, 6 or 12 for medium / high mobility, and 2 or 4 for very high mobility
· Above 6 GHz (30 GHz)
· Subcarrier spacing: 60, 120, 240, and 480 kHz.
· Mobile speed: Low (e.g., ~30 km/h), and medium / high (e.g., ~250 km/h)
· Low latency: Support and non-support
· The number of layers: 12 for low mobility, and 6 or 12 for medium / high mobility
In addition, unified structure for various usage cases and scenarios, e.g., FDD/TDD, DL/UL, different frame structure, etc., should be strived as much as possible. In LTE-Advanced DM-RS discussion (MIMO extension up to 4x4) [5], DM-RS density was first agreed and then details such as multiplexing scheme are discussed. In NR, based on this approach, density of front-loaded DM-RS can be determined first and is expected to be the same or reduced compared with LTE-Advanced DM-RS (24 REs/RB in case of 8 layer transmission) considering overhead increase when introducing additional DM-RS. Based on the above discussions, we propose the following. 

Proposal 2:
· The same or lower density of front-loaded DM-RS compared to LTE DM-RS (i.e., 24 REs/RB for 8-layer transmission) should be considered. 

3. Link-level evaluation on front-loaded DMRS pattern
In this section, in order to clarify the performance of candidate front-loaded DM-RS patterns, we provide initial link-level evaluation results. 
3.1. Simulation assumptions
Table 2 shows link-level simulation assumptions. Carrier frequency is 4 GHz and subcarrier spacing is 30 kHz. We assume 4-by-4 transmission and the number of transmission layers is one, two, and four. The data is assumed to be mapped 32 PRBs and 12 OFDM symbols, where each PRB is composed of 12 subcarriers. 
Table 2  Simulation assumptions.
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Figure 1 shows the DM-RS patterns assumed in the evaluation. In this evaluation, 1 symbol front-loaded DM-RS pattern for up to 4 layer transmission is assumed. For layer multiplexing, FDM, Cyclic shift (CS), and frequency domain (FD)-OCC are applied. When applying FDM, 2-comb and 3-comb, power boosting for each DM-RS port is applied. As for channel estimation, MMSE filtering is applied. 
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(a) 1-comb + CS                         (b) 2-comb + CS                         (c) 3-comb + CS
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(d) 4FD-OCC                         (e) FDM + 2FD-OCC                         (f) FDM + 2FD-OCC

Fig. 1  DM-RS patterns assumed in the evaluation.
3.2. Simulation results
Figures 2, 3, and 4 show the throughput performance when modulation order is QPSK (R = 1/3), 16QAM (R = 1/2), and 64QAM (R = 3/2) under the six DM-RS patterns as shown in figure 1. In these figures, we evaluate the variety of transmission layer (1, 2, and 4) and delay spread (10, 100, and 300 ns). Figures 5 and 6 show the throughput performance when QPSK Rank1 with 4PRB bundling, and 64QAM Rank4 with 4PRB bundling is applied. 
As for one layer transmission , DM-RS pattern (a) and (d) (same pattern in one layer transmission) show the performance gain compared with the other DM-RS patterns irrespective of large overhead. This is because channel estimation accuracy is improved. Especially when modulation order becomes lower such as QPSK in lower SNR regions, larger performance gain can be achieved. The same observation is made when 4 PRB bundling is applied (figure 5). 
For two and four layer transmissions in QPSK for all the delay spread values, and 16QAM and 64QAM transmission for lower delay spread values, CS based DM-RS patterns (pattern (a), (b), and (c)) show the better throughput performance than FD-OCC based patterns (pattern (d), (e), and (f)). This is because the window size in coherent averaging is larger for CS based DM-RS patterns than that for FD-OCC based patterns. On the other hand, when 16QAM and 64QAM are applied and delay spread becomes larger, the performance of CS based DM-RS patterns is degraded compared with FD-OCC based patterns. In case of applying 4 PRB bundling (figure 6), performance improvement compared to without PRB bundling case (figure 4) can be observed, but the same tendency is observed. 
Regarding DM-RS insertion density, when insertion density becomes smaller such as pattern (c) and (f), performance degradation is observed in one layer transmission. The performance of pattern (f) is also degraded in 16QAM and 64QAM transmission with small delay spread case. Thus, from view point of density, we have preference for DM-RS pattern (a), (b), (d), and (e). After deciding DM-RS insertion density, either OCC or CS can be determined and further evaluation will be necessary.
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(a) DS = 10 ns                                               (b) DS = 100 ns
[image: ]
(c) DS = 300 ns
Fig. 2  Throughput performance (QPSK (R = 1/3)). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 3 Throughput performance (16QAM (R = 1/2)). 

[image: ][image: ]
(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 4  Throughput performance (64QAM (R = 2/3)). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 5  Throughput performance (QPSK (R = 1/3), Rank1, 4 PRB bundling). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 6  Throughput performance (64QAM (R = 2/3), Rank4, 4 PRB bundling). 

Based on these discussion and simulation results, we make the following observation and proposal. 
Observation 1:
· For one layer transmission, high throughput performance can be achieved when applying 1-comb DM-RS pattern which has large insertion density. 
· In case of 16QAM and 64QAM with small delay spread, performance degradation is observed in pattern f (FDM + 2FD-OCC). 
Proposal 3:
· For one layer transmission, large insertion density DM-RS pattern should be supported. 
· Consider further DM-RS pattern a (1-comb + CS), b (2-comb + CS), d (4FD-OCC), and e (FDM + 2FD-OCC) as the basic DM-RS pattern. 
4. Summary
In this contribution, we have presented our views and evaluation results on DM-RS, and then made the following observation and proposals. 
Proposal 1:
· The number of DM-RS patterns to be supported should be minimized. 
· DMRS patterns are designed for the following use cases.
· Below 6 GHz (4 GHz)
· Subcarrier spacing: 15, 30, and 60 kHz.
· Mobile speed: Low (e.g., ~30 km/h), medium / high (e.g., ~250 km/h), and very high (e.g., ~500 km/h)
· Low latency: Support and  non-support
· The number of layers: 12 for low mobility, 6 or 12 for medium / high mobility, and 2 or 4 for very high mobility
· Above 6 GHz (30 GHz)
· Subcarrier spacing: 60, 120, 240, and 480 kHz.
· Mobile speed: Low (e.g., ~30 km/h), and medium / high (e.g., ~250 km/h)
· Low latency: Support and non-support
· The number of layers: 12 for low mobility, and 6 or 12 for medium / high mobility
Proposal 2:
· The same or lower density of front-loaded DM-RS compared to LTE DM-RS (i.e., 24 REs/RB for 8-layer transmission) should be considered.
Observation 1:
· For one layer transmission, high throughput performance can be achieved when applying 1-comb DM-RS pattern which has large insertion density. 
· In case of 16QAM and 64QAM with small delay spread, performance degradation is observed in pattern f (FDM + 2FD-OCC). 
Proposal 3:
· For one layer transmission, large insertion density DM-RS pattern should be supported. 
· Consider further DM-RS pattern a (1-comb + CS), b (2-comb + CS), d (4FD-OCC), and e (FDM + 2FD-OCC) as the basic DM-RS pattern.
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Carrier frequency  4 GHz

Subcarrier spacing 30 kHz

Number of TXRUs TRP =UE = 4

Transmission layer for data channel 1, 2, and 4

Transmission Scheme LTETM9 random precoding

CW to layer mapping LTE CW to layer mapping

Data Allocation 32 RBs (First 2 OFDM symbols for PDCCH)

PRB bundling 1 and 4

Modulation order, Coding rate

MCS#05 (QPSK, R = 1/3), 

MCS#14 (16QAM, R = 1/2), 

MCS#25 (64QAM, R = 2/3)

Channel coding scheme LTE turbocoding

UE speed 3 km/h

Channel model

TDL-C, DS = 10, 100, and 300 ns

(Antenna correlation: TRP = medium, UE = low)

The number of TRP antenna 4

The number of UE antenna

4

Channel estimation Realistic channel estimation
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Carrier frequency  Below 6 GHz (4GHz) Above 6 GHz (30 GHz)

Subcarrierspacing 15, 30, 60 kHz 60, 120, 240, 480 kHz

Mobile speed

Low (e.g., ~30 km/h),

Medium / high (e.g., ~250 km/h), 

Very high (e.g., ~500 km/h)

Low (e.g., ~30 km/h),

Medium / high (e.g., ~250 km/h) 

Low latency

Support, 

Don’tsupport

The number of layer

12 for low mobility

6 or 12 for medium/highmobility

2 or 4 for very high mobility

DMRS pattern (e.g., Pattern A, B, C) (e.g., Pattern D, E, F)


