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1. Introduction
At the RAN1 #NR AH meeting, we have reached the following agreements [1]:
	Agreements:
· For the design of front-loaded DMRS, Alt. 1 is agreed as a working assumption.
· Alt. 1: Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols.
· FFS: Further down-selection between 1 and 2, if necessary
· Companies are encouraged to propose further details
· Companies are encouraged to provide comparison between Alt. 1 and Alt. 2.
· Alt. 2: Design in R1-1700352 (Front-loaded DMRS is mapped over 3 or 4 adjacent OFDM symbols).
· Additional DMRS can be configured for the later part of the slot.
· FFS: Density reduction compared to front-loaded DMRS
· DMRS configuration can be up to the max. number of DMRS ports.
· Note: DMRS design should take into account channel estimation accuracy for low-to-high SINR scenario, throughput performance for SU and MU-MIMO, DMRS overhead, receiver complexity, receiver implementation, support of the use cases/features, UL/DL symmetry, etc.
· FFS: Relative timing relationship between front-loaded DMRS and NR-PDSCH
· Option 1: The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.
· Option 2: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.
Agreements:
· Study the following options: 
· Option1: with 16 orthogonal DMRS ports or 
· Option2: with non-orthogonal  DMRS ports in addition to 8 orthogonal ports
· Other options are not precluded.


In this contribution, we provide our views for DMRS. 

2. Views on open issue for DMRS
2.1. 16 orthogonal DMRS ports or 16 non-orthogonal DMRS ports
In this section, we discuss two options for 16 DMRS ports. At the RAN1 #NR AH meeting, the following is agreed [1]. 
Agreements
· Study the following options: 
· Option1: with 16 orthogonal DMRS ports or 
· Option2: with non-orthogonal  DMRS ports in addition to 8 orthogonal ports
· Other options are not precluded.

As for option 1, there are some kinds of multiplexing schemes. Figures 1 and 2 show the candidate multiplexing schemes. In figure 1, we assume the same DMRS insertion density per layer compared with up to 8 orthogonal DMRS ports. We assume two groups (layer #1~8 and layer #9~16) and each group are multiplexed by CDM (figure 1 (a)), FDM (figure 1 (b)), and TDM (figure 1 (c)). These schemes can achieve almost the same degree of channel estimation accuracy compared with up to 8 DMRS port due to the same DMRS insertion density per layer. However, the DMRS overhead is increased (from 12 REs/PRB to 24 REs/PRB) and the spectral efficiency will be degraded. In figure 2, we assume less DMRS insertion density per layer compared with up to 8 orthogonal DMRS ports by using adjacent two PRBs. Each group are multiplexed by CDM (figure 2 (a)), FDM (figure 2 (b)), and TDM (figure 2 (c)). These schemes can retain the same DMRS overhead compared with up to 8 orthogonal DMRS ports. However, channel estimation accuracy may be degraded due to less DMRS insertion density per layer compared with up to 8 DMRS orthogonal DMRS ports. 
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(a) CDM                              (b) FDM                              (c) TDM
Fig. 1  Examples of multiplexing schemes for 16 orthogonal DMRS ports (same insertion density per layer).
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(a) CDM                              (b) FDM                              (c) TDM
Fig. 2  Examples of multiplexing scheme for 16 orthogonal DMRS ports (reduced insertion density per layer).

On the other hand, when 16 non-orthogonal DMRS ports are created without changing 8 orthogonal ports (option 2), different ports are further multiplexed in spatial domain. The same overhead can be kept as that for up to 8 orthogonal DMRS ports although channel estimation accuracy may be degraded due to residual inter-stream interference between ports. However, optimization for 16 DMRS ports may not be necessary because there is less demand for MU-MIMO transmission with a number of UEs in first commercial deployment. Considering progress on DMRS, it is preferable to support 16 non-orthogonal DMRS ports and whether 16 orthogonal DMRS ports are necessary or not can be discussed and introduced in future releases without causing backward compatibility issue. 

Proposal 1:
· The maximum number of orthogonal DMRS ports is 8. For more than 8 layer transmission, non-orthogonal DMRS ports are used.

2.2. Relative timing relationship between front-loaded DMRS and NR-PDSCH
In this section, we discuss the relative timing relationship between front-loaded DMRS and NR-PDSCH. At the RAN1 #NR AH meeting, the following is agreed [1].
Agreements
· FFS: Relative timing relationship between front-loaded DMRS and NR-PDSCH
· Option 1: The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.
· Option 2: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.

Compared with both options, option 1 may be beneficial for interference management among cells and DL/UL.  However, the advantage is not so clear yet. In addition, if front-loaded DMRS is not located at the first NR-PDSCH symbol, processing delay occurs at the receiver side. As for option 2, it is beneficial for processing delay reduction at the receiver side because front-loaded DMRS is always located at first NR-PDSCH symbol every time. Hence, we have a slight preference for option 2 as long as a clear benefit is not seen for option 1.

Proposal 2:
· The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.

2.3. Number of DMRS pattern
In [2], a number of DMRS patterns were proposed. However, from the viewpoint of test specification [3, 4], 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. In LTE-Advanced DMRS discussion (MIMO extension up to 4x4) [5], DMRS density was first agreed and then detail such as multiplexing scheme is discussed. In NR, based on this approach, density of front-loaded 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. Based on the above discussions, we propose the following.

Proposal 3:
· The number of DMRS patterns to be supported should be minimized. 
· The same or lower density of front-loaded DMRS compared to LTE DMRS (i.e., 24 REs/RB for 8-layer transmission) should be considered. 

2.4. Multiplexing of DMRS ports
In [2], 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 = 6.0 dB) 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 transmission 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 = 8 dB in layer 1 and 2, Prs / Pdata = 10 dB in layer 3 and 4). This is because the power sharing is limited by the maximum transmission power within OFDM symbol (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 as is explained in section 3. 
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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.
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(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.

In case of higher order modulation such as 16QAM, 64QAM, and 256QAM, information on boosting ratio between DMRS and data channel in each layer (Prs / Pdata) is necessary at the receiver side for demodulation. For FDM and CDM multiplexing, the power ratio can be semi-statically configured by higher layer signaling or be predefined in the specification similar to the case of LTE-A DM-RS. As for TDM case, however, dynamic indication or blind estimation of Prs / Pdata at the receiver side is necessary because Prs / Pdata is changing every scheduling time unit due to different transmission power between layers. Since blind estimation may degrade the performance, dynamic indication would be needed and the DCI overhead is increased. Based on the above discussion, we make the following observation. 

Observation 1:
· Indication or blind estimation of DMRS boosting ratio is necessary at the receiver side in order to perform signal detection for TDM approach. 


3. Link-level evaluation
In order to clarify the influence of power imbalance of each data layer, we provide initial link-level evaluation results. 
3.1. Simulation assumptions
Table 1 shows link-level simulation assumptions. Carrier frequency is 4 GHz and subcarrier spacing is 15 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.
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Figure 5 shows the DMRS mapping assumed in the evaluation. In this evaluation, we assume two-layer transmission and three types of multiplexing schemes, FDM, CDM, and TDM, are compared under the same DMRS overhead (24 REs/PRB). In this evaluation, we assume that DMRS boosting ratio (Prs / Pdata) is identically indicated at the receiver side. MMSE filtering is applied. 

[image: ]
(a) FDM                                         (b) CDM                                         (c) TDM
Fig. 5  DMRS mapping assumed in the evaluation.

3.2. Simulation results
Figures 6 and 7 show the BLER performance when modulation order is QPSK (R = 1/3) and 16QAM (R = 1/2) under the three type of DMRS port multiplexing scheme, FDM, CDM, TDM as shown in figure 5. In these simulations, we evaluate the variety of transmission power among layers: power ratio between layer 1 and layer 2 (P1:P2) = 1:1, 2:1, 3:1, and 9:1. In case of QPSK and P1:P2 = 1:1 (figure 6 (a)), all multiplexing schemes show the same performance. However, when power imbalance among layers becomes lager, slight performance degradation and slight performance improvement can be observed in layer 1 and 2, respectively in TDM case compared with CDM and FDM case. This is due to the imbalance of DMRS boosting ratio between layers as shown in section 2.4. However, performance difference is not so large (within 0.3 dB difference at BLER = 10-1). As for 16QAM case (figure 7), performance difference among multiplexing schemes cannot be observed even when P1:P2 = 9:1 (figure 7 (d)). This is because operating SNR becomes larger compared with QPSK (figure 6) and the imbalance of DMRS boosting ratio does not affect the channel estimation accuracy. 
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(a) P1:P2 = 1:1                                               (b) P1:P2 = 2:1
[image: ][image: ]
(c) P1:P2 = 3:1                                               (b) P1:P2 = 9:1
Fig. 6  BLER performance (QPSK, R = 1/3). 
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(a) P1:P2 = 1:1                                               (b) P1:P2 = 2:1
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(c) P1:P2 = 3:1                                               (b) P1:P2 = 9:1
Fig. 7  BLER performance (16QAM, R = 1/2). 

Based on these simulation results, we make the following observation. 

Observation 2:
· The influence of power imbalance between layers is not large. 

BLER performance of FDM, CDM, and TDM is almost the same even if transmission power among layers is different as shown in observation 2, but indication or blind detection at the receiver side is necessary for TDM case as shown in observation 1. Thus, we make the following proposal. 

Proposal 4:
· [bookmark: _GoBack]For up to 8 DMRS port multiplexing, FDM, CDM, and a hybrid of those multiplexing schemes should be supported. 


4. Summary
In this contribution, we have presented our views on DMRS, and then made the following observations and proposals. 

Observation 1:
· Indication or blind estimation of DMRS boosting ratio is necessary at the receiver side in order to perform signal detection for TDM approach. 
Observation 2:
· The influence of power imbalance between layers is not large. 
Proposal 1:
· The maximum number of orthogonal DMRS ports is 8. For more than 8 layer transmission, non-orthogonal DMRS ports are used.
Proposal 2:
· The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.
Proposal 3:
· The number of DMRS patterns to be supported should be minimized. 
· The same or lower density of front-loaded DMRS compared to LTE DMRS (i.e., 24 REs/RB for 8-layer transmission) should be considered. 
Proposal 4:
· For up to 8 DMRS port multiplexing, FDM, CDM, and a hybrid of those multiplexing schemes should be supported. 
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image9.emf
Carrier frequency  4 GHz

Subcarrier spacing 15 kHz

Number of TXRUs TRP =UE = 2

Transmission layer for data channel 2

Transmission Scheme Between TXRUs: 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

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

Channel coding scheme LTE turbocoding

UE speed 3km/h

Channel model CDL-C, DS = 30 ns

TRP antenna configuration

(M, N, P) = (1,1, 2) with directional antenna element

(HPBW = 65deg. Directivity 8dB)

UE antenna configuration (M, N, P) = (1, 1, 2) with Omni-directional antenna element

Channel estimation Realistic channel estimation
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