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1. Introduction
At the RAN1 #89 meeting, we have reached the following agreements [1]:
	Agreements:
· Support additional DMRS symbols with same density in frequency domain compared to front loaded DMRS
· FFS: Necessity of reduced DMRS density in additional DMRS symbols
Conclusion:
· When ACK/NACK feedback is configured in the same slot with corresponding DL data transmission 
· For 7-symbol slot. down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· For  14-symbol slot, down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· Companies are encouraged to provide simulation results for additional DMRS position for mobility scenarios and the assumed number of symbols for front loaded DMRS and additional DMRS, and consider the minimum time to support fast demodulation for DM-RS pattern related design 
Working assumptions:
· For DMRS port multiplexing schemes on 2 adjacent front-loaded DMRS symbols in the time domain:
· Support DMRS configurations with two alternatives
· Time domain OCC (TD-OCC) of antenna ports is supported. In addition, for the other alternative only one of following is supported:
· Option 1A: TDM of antenna ports
· Option 1B: Time domain repetition of all antenna ports
· Notes: 
· This is for both SU-MIMO and MU-MIMO
· If  1B is chosen then whether and/or not pattern shift is used must be decided
Objected by Huawei, HiSilicon
Working assumption:
· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM
· Front-load DMRS Configuration 1: Supports up to 8 ports
· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)
· One OFDM symbol: 
· To be down selected to 1 Alt:
· Alt 1: Comb 2 + 2 CS, up to 4 ports
· Alt 2: Comb 4 + 2 CS, up to 8 ports
· Two OFDM symbols: 
· To be down selected to 2 Alts:
· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports
· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports
· Front-load DMRS Configuration 2: Supports up to 12 ports
· FD-OCC pattern with adjacent REs in the frequency domain
· One OFDM symbol:
· To be down selected to 1 Alt:
· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports
· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports
· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports
· Two OFDM symbols: 
· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· FFS: DMRS pattern before configuration, e.g., SIB1


In this contribution, we provide link-level evaluation results for the remaining DM-RS design, i.e., two-port multiplexing schemes and for DM-RS design for mini-slot

2. Link-level evaluation results
In this section, we provide link-level evaluation results. Firstly, we provide the evaluation results on two ports multiplexing scheme for front-loaded DM-RS, and then we show the results on mini-slot DM-RS pattern. 
2.1. Two ports multiplexing scheme for front-loaded DM-RS
As for two ports multiplexing for front-loaded DM-RS configuration 1 and 2, there are two multiplexing schemes, CDM and FDM. In order to clarify the performance of these schemes, we conducted the link-level evaluation. Figure 1 shows the candidate multiplexing schemes assumed in this evaluation. The simulation assumptions are summarized in table 1 (Appendix A). Carrier frequency is assumed to be 4 GHz and subcarrier spacing is 30 kHz. We assume 4-by-4 transmission and the number of transmission layers is two. The data is assumed to be mapped to 32 PRBs and 12 OFDM symbols, where each PRB is composed of 12 subcarriers. As for channel estimation, MMSE filtering is applied. When applying FDM, power boosting for each DM-RS port is applied (3 dB boosting compared with data channel). 
[image: ]
(a) CDM                                                           (b) FDM
Fig. 1  Candidate two ports multiplexing schemes assumed in the evaluation.
Figures 2 and 3 show the throughput performance for QPSK (R = 1/3) without PRB bundling and with 4 PRB bundling, respectively. In these figures, we evaluate the variety of delay spread (10, 100, and 300 ns). Other performance results assuming 16QAM (R = 1/2) and 64QAM (R = 2/3) are shown in Appendix B. The figure 2 shows that the performance gain can be achieved when applying FDM compared with CDM irrespective of the variety of delay spread (The larger delay spread is, the larger performance gain becomes). In case of 4 PRB bundling (figure 3), performance gap between CDM and FDM becomes smaller compared with no PRB bundling, but performance gain is still observed. In case of 16QAM and 64QAM, performance gap between two schemes becomes smaller or disappeared, but FDM achieves same or better throughput performance than CDM. Based on these discussions, we make the following observation. 
Observation 1:
· For two DM-RS ports multiplexing,
·  FDM shows performance gain compared with CDM for QPSK. 
· FDM and CDM exhibit almost the same performance for 16QAM and 64QAM.
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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), no PRB bundling). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 3  Throughput performance (QPSK (R = 1/3), 4 PRB bundling). 

2.2. DM-RS design for mini-slot
In NR, mini-slot consisting of less than 14 symbols is to be specified. In order to clarify the performance of candidate mini-slot DM-RS pattern, we conducted the link-level evaluation. In this evaluation, we assume one symbol transmission including data channel and DM-RS, and evaluate the different DM-RS insertion densities as shown in figure 4. The simulation assumptions are summarized in table 2 (Appendix A). Carrier frequency is assumed to be 4 GHz and subcarrier spacing is 30 kHz. We assume 4-by-4 transmission and the number of transmission layers is one. The data is assumed to be mapped to 50 and 100 PRBs, where each PRB is composed of 12 subcarriers. As for channel estimation, MMSE filtering is applied. 

[image: ]
(a) 6 REs               (b) 4 REs               (c) 3 REs               (d) 2 REs               (e) 1 RE
Fig. 4  Candidate mini-slot DM-RS pattern assumed in the evaluation.

Figures 5 and 6 respectively show the BLER performance and throughput performance when modulation order is QPSK (R = 0.34) and data is allocated to 50 PRBs. Other evaluation results assuming modulation orders of 16QAM (R = 0.52) and 64QAM (R = 0.65) and data allocation of 100 PRBs are shown in Appendix C. Figure 5 shows that the required SNR becomes smaller when applying denser DM-RS, e.g., pattern (a) (6 REs), irrespective of the variety of delay spread. This is because channel estimation accuracy becomes higher by increasing the DM-RS insertion density. On the other hand, Figure 6 shows that the higher peak throughput can be achieved when applying sparser DM-RS. In case of 16QAM and 64QAM, and 100 PRBs data allocation (Appendix C), the same tendency can be observed. Based on these discussions, we make the following observation. 
Observation 2:
· For mini-slot DMRS pattern, denser DM-RS insertion density pattern achieves better BLER. 
· For mini-slot DMRS pattern, sparser DM-RS insertion density pattern achieves higher throughput performance.  
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(a) DS = 10 ns                                               (b) DS = 100 ns
[image: ]
(c) DS = 300 ns
[bookmark: _GoBack]Fig. 5  BLER performance (QPSK (R = 0.34), Data allocation = 50 PRBs). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 6 Throughput performance (QPSK (R = 0.34), Data allocation = 50 PRBs). 


3. Summary
In this contribution, we have presented our evaluation results of DM-RS, and then made the following observations. 
Observation 1:
· For two DM-RS ports multiplexing,
·  FDM shows performance gain compared with CDM for QPSK. 
· FDM and CDM exhibit almost the same performance for 16QAM and 64QAM.
Observation 2:
· For mini-slot DMRS pattern, denser DM-RS insertion density pattern achieves better BLER. 
· For mini-slot DMRS pattern, sparser DM-RS insertion density pattern achieves higher throughput performance.  
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Appendix A: Simulation Assumptions
Table 1  Simulation assumptions for two ports multiplexing scheme
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Table 2  Simulation assumptions for mini-slot DM-RS pattern
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Appendix B: Simulation results for two ports multiplexing scheme
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 7  Throughput performance (16QAM (R = 1/2), no PRB bundling). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 8  Throughput performance (16QAM (R = 1/2), 4 PRB bundling).
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 9  Throughput performance (64QAM (R = 2/3), no PRB bundling). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 10  Throughput performance (64QAM (R = 2/3), 4 PRB bundling).

Appendix C: Simulation results for mini-slot DM-RS pattern
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 11  BLER performance (16QAM (R = 0.52), Data allocation = 50 PRBs). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
[image: ]
(c) DS = 300 ns
Fig. 12  Throughput performance (16QAM (R = 0.52), Data allocation = 50 PRBs). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 13  BLER performance (64QAM (R = 0.65), Data allocation = 50 PRBs). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 14  Throughput performance (64QAM (R = 0.65), Data allocation = 50 PRBs).
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 15  BLER performance (QPSK (R = 0.34), Data allocation = 100 PRBs). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 16  Throughput performance (QPSK (R = 0.34), Data allocation = 100 PRBs). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 17  BLER performance (16QAM (R = 0.52), Data allocation = 100 PRBs). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 18  Throughput performance (16QAM (R = 0.52), Data allocation = 100 PRBs). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 19  BLER performance (64QAM (R = 0.65), Data allocation = 100 PRBs). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 20  Throughput performance (64QAM (R = 0.65), Data allocation = 100 PRBs).
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