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1. Introduction
At the RAN1 #87 meeting, we have reached the following agreements [1]:
	Agreements:
· Support variable/configurable DMRS pattern for data demodulation 
· FFS: Time and/or frequency domain density can be configured  
· FFS: RE location can be configured
· At least one configuration supports front-loaded DMRS pattern
Agreements:
· Organize two email discussions i) to collect companies proposals on DMRS design for DL data channel for NR to facilitate evaluation for the next RAN1 meetings till 8th Dec. and ii) to discussion/agree on simulation assumptions till 15th Dec. – Hyunsoo (LGE)
· The companies are encouraged to provide DM-RS patterns including DM-RS design details such as
· Time domain density (per antenna port) for different ranks (e.g., number of DMRS symbols in slot, symbol position, etc.)
· Frequency domain density (per antenna port) for different ranks
· The number of maximum orthogonal ports
· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)
· For the RAN1 NR Ad-hoc meeting, companies are encouraged to provide performance evaluation and to clarify the following aspects used for evaluation:
· Channel estimation method (e.g. IFFT type, MMSE type and LS type including assumptions on pipe-line or interpolation/extrapolation for data demodulation, etc.)
· PRB bundling assumption
· Considering of noise limited and interference limited scenarios
· Companies to state phase noise assumptions


In this contribution, we provide our views on DMRS. 

2. Discussion on DMRS
2.1. Proposed DMRS pattern
We proposed three types of basic DMRS pattern as follows. 
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    (a) Pattern 1                          (b) Pattern 2                           (c) Pattern 3
Fig. 1  Proposed basic DMRS patterns. 
In figure. 1, although front two OFDM symbols are mapped control channel, these patterns can be refined depending on future agreements on the location of CSI-RS, SRS, control channel, etc. In case of 1 or 2 layer transmissions, latter REs of adjacent DMRS REs in time domain can be replaced by data channel. Pattern 1 (figure 1(a)) is applied for high frequency selective fading and/or wider subcarrier spacing, pattern 2 (figures 1(b)) and 3 (figure 1(c)) are applied for middle/lower frequency selective fading and/or middle/narrower subcarrier spacing by reducing the insertion density in frequency domain. Thus, these patterns allow for various subcarrier spacings and carrier frequencies which are related to frequency selective fading. In addition, in order to support high Doppler frequency, we propose to configure the additional DMRS when needed as shown in figures 2. 
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(a) Pattern 1a           (b) Pattern 1b           (c) Pattern 1c           (d) Pattern 1d           (e) Pattern 1e
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(f) Pattern 2a           (g) Pattern 2b           (h) Pattern 2c           (i) Pattern 2d           (j) Pattern 2e
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(k) Pattern 3a           (l) Pattern 3b
Fig. 2  Proposed basic DMRS and additional DMRS patterns. 
[bookmark: _GoBack]In order to support various Doppler frequencies, we propose two types of insertion density in time domain, a single set of additional DMRS (mapped on the 10th and 11th symbol) and double set of additional DMRS (mapped on the 7th, 8th, 11th, and 12th symbol). In addition, in order to reduce overhead, patterns with sparser insertion density in frequency domain compared to basic DMRS is also proposed as shown in figures. 2(b), (d), (e), (g), (i), and (j). Although several DMRS patterns are shown, not all the patterns need to be supported.

2.2. Number of DMRS pattern
As mentioned above, a large number of DMRS patterns were proposed in email discussion [87-28]. However, from the viewpoint of test specification [2, 3], it is difficult to support all of the proposed DMRS patterns. 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.  
As for LTE-Advanced DMRS discussion (MIMO extension up to 4x4) [4], DMRS density was first agreed and then detail such as multiplexing scheme is discussed. In NR, based on this approach, density of basic DMRS can be determined first and is expected to be the same or reduced compared with LTE-Advanced DMRS (24 REs/RB in case of 8 layer transmission) considering overhead increase when introducing additional DMRS. 
In addition, the following was also agreed in RAN1#87 [1]. 
Agreements:
· Support variable/configurable DMRS pattern for data demodulation 
· At least one configuration supports front-loaded DMRS pattern

Thus, the basic DMRS should be located in the beginning of the slot as much as possible. In our view, such front-loaded DMRS should be mapped right after the control channel regions. Based on above discussions, we propose the following.

Proposal 1:
· The number of DMRS patterns to be supported should be minimized. 
· The same or lower density of basic DMRS compared to LTE DMRS (i.e., 24 REs/RB for 8-layer transmission) should be considered. 
· The basic front-loaded DMRS should be located right after the control channel regions.

2.3. Multiplexing of DMRS ports
During email discussion [87-28], multiplexing schemes of DMRS ports were proposed and it is categorized as follows; FDM, CDM, TDM, and a hybrid of these schemes. When determining multiplexing schemes, there are several aspects to consider. For example, the performance, complexity of channel estimators, and efficient power utilization would need to be considered. Regarding complexity of the channel estimation, the similar interval between REs for each DMRS port would be preferred in order to reuse the same channel estimator for all DMRS ports. Full transmission power utilization should be also considered as one of the factors. In order to compare the candidate multiplexing schemes especially for full transmission power utilization, figures 3(a), (b), and (c) illustrate the candidate multiplexing schemes, FDM, TDM, CDM, respectively in case of the same transmission power among layers. We assume four-layer transmission. For FDM, full transmission power utilization can be achieved for each layer by applying power sharing (or power boosting) within an OFDM symbol of each layer. For TDD, assuming that transmission power for each DMRS port is equally split into four layers after multiplying DMRS port with a precoder vector, power boosting for each DMRS port is also possible. A major difference between FDM, TDM, and CDM is that FDM and TDM requires power boosting as explained. For instance, to support up to four transmission layers, power boosting up to 6 dB (boosting ratio between DMRS and data channel in each layer: Prs / Pdata = 4.0) is required for FDM and TDM. Figures 4(a), (b), and (c) illustrate the candidate multiplexing schemes in case of different transmission power between layers assuming advanced precoder such as SVD where multiple layers adopt different transmission powers. For instance, we assume power ratio of each layer as 0.4:0.4:0.1:0.1, respectively. As for CDM and FDM, full transmission power utilization can be applied and the power ratio Prs / Pdata remains the same as figures 3. On the other hand, as for TDM, full transmission power utilization can also be achieved, but different value of Prs / Pdata is occurred between layers (Prs / Pdata = 2.5 in layer 1 and 2, Prs / Pdata = 10.0 in layer 3 and 4). This is because the power sharing is limited by the maximum transmission power (i.e., the transmission power for DMRS: Ptotal is limited by up to 1.0 for all the layers). Thus, channel estimation accuracy may be different between layers in TDM case and the impact on the performance should be carefully assessed. 
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(a) FDM
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(b) TDM
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(c) CDM
Fig. 3  DMRS multiplexing schemes and transmission power utilization in case of same transmission power between layers.

[image: ]
(a) FDM
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(b) TDM
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(c) CDM
Fig. 4  DMRS multiplexing schemes and transmission power utilization in case of different transmission power between layers.
Based on above discussion, we make the following proposal. 
Proposal 2:
· Imbalance of power ratios data channel and DMRS that is seen among layers should be carefully investigated for TDM approach. 

3. Link-level evaluation
In email discussion [87-28], a variety of additional DMRS patterns are proposed for high Doppler case. In order to see the influence of Doppler frequency, we provide initial link-level evaluation results. 
3.1. Simulation assumptions
Table 1 shows link-level simulation assumptions. Carrier frequency is 30 GHz and subcarrier spacing is 120 kHz. The data is assumed to be mapped 32 PRBs and 12 OFDM symbols, where each PRB is composed of 12 subcarriers. 
Table 1  Simulation assumptions.
[image: ]
Figure 5 shows the basic DMRS and additional DMRS mapping assumed in the evaluation. Basic DMRS is mapped on the 3rd and 4th symbol and additional DMRS is mapped on the 10th and 11th symbol, respectively. In this evaluation, MMSE filtering is applied. 
[image: ]
Fig. 5  Basic DMRS and additional DMRS mapping assumed in the evaluation.

3.2. Simulation results
Figures 6 show the BLER performance when transmission rank is 1 and 2, and modulation order is QPSK, 16QAM, and 64QAM. In case of QPSK (figures 6(a) and (b)), the performance degradation due to UE speed is observed when UE speed is 120 km/h. On the other hand, in case of 16QAM and 64QAM (figures 6(c), (d), (e), and (f)), the performance degradation due to Doppler frequency is observed when UE speed is 30km/h. 
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(a) QPSK, R = 1/3, Rank1                           (b) QPSK, R = 1/3, Rank2
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(c) 16QAM, R = 1/2, Rank1                           (d) 16QAM, R = 1/2, Rank2
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(e) 64QAM, R = 2/3, Rank1                           (f) 64QAM, R = 2/3, Rank2
Fig. 6  BLER performance.
Observation 1:
· When UE speed becomes larger, the BLER performance degradation is occurred. 

In order to compensate the Doppler frequency, the additional DMRS is considered. As discussed in section 2, candidate additional DRMS patterns are shown in figures 2. In figures 2, we propose two types of insertion density in time domain (single set and double set of additional DMRS) and two types of insertion density in frequency domain (same and sparser insertion density compared to basic DMRS). Sparser insertion density provides less overhead, but performance degradation may be occurred. Therefore, performance evaluation is necessary considering supportive carrier frequency, target mobile speed, number of layers, and modulation order, etc. 
Proposal 3:
· In order to support higher Doppler frequency, the additional DMRS should be supported. 
· The requirements for NR-MIMO such as supportive carrier frequency, target mobile speed, number of layers, and modulation order should be determined for further evaluation.

4. Summary
In this contribution, we have presented our views on DMRS, and then made the following observation and proposals. 
Observation 1:
· When UE speed becomes larger, the BLER performance degradation is occurred. 
Proposal 1:
· The number of DMRS patterns to be supported should be minimized. 
· The same or lower density of basic DMRS compared to LTE DMRS (i.e., 24 REs/RB for 8-layer transmission) should be considered. 
· The basic front-loaded DMRS should be located right after the control channel regions.
Proposal 2:
· Imbalance of power ratios data channel and DMRS that is seen among layers should be carefully investigated for TDM approach. 
Proposal 3:
· In order to support higher Doppler frequency, the additional DMRS should be supported. 
· The requirements for NR-MIMO such as supportive carrier frequency, target mobile speed, number of layers, and modulation order should be determined for further evaluation.
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image13.emf
Carrier frequency  30 GHz

Subcarrier spacing 120 kHz

Number of TXRUs TRP =UE = 2

Transmission layer for data channel 1/ 2

Transmission Scheme

Between TXRUs: LTETM9 random precoding

Between antenna elements: DFT precoding

CSI feedback / Beam management 

scheme

Ideal beam selection

CW to layer mapping LTE CW to layer mapping

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

PRB bundling 1

Modulation order, Coding rate QPSK (R = 1/3),16QAM (R = 1/2), 64QAM (R = 2/3)

Channel coding scheme LTE turbocoding

UE speed 3km/h, 30km/h, 120km/h

Channel model CDL-C, DS = 100 ns

TRP antenna configuration

(M, N, P, Mg, Ng) = (4,8, 2, 1, 1); (dV, dH) = (0.5, 0.5) lambda 

with directional antenna element (HPBW = 65 deg. Directivity 

8dB)

UE antenna configuration

(M, N, P, Mg, Ng) = (2, 4, 2, 1, 1); (dV, dH) = (0.5, 0.5) lambda 

with Omni-directional antenna element

Channel estimation Realistic channel estimation
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