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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 our views on the remaining issues on the DM-RS design. We also have initial discussion on the DM-RS design for mini-slot. The discussion in this document is based on the evaluation results in our companion documents [2], [3].

2. Views on open issue for DM-RS
2.1. Front-loaded DM-RS design
In the previous meeting, the following working assumption was made [1]. 
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

As for one OFDM symbol pattern in front-loaded DM-RS configuration 1, we compared the candidate front-loaded DM-RS patterns by link-level simulation at the last meeting [2]. The results show that when applying comb-2 + CS which is the same as alt. 1 of above working assumption, more robust performance can be achieved compared with the other patterns irrespective of the number of layers, modulation order, and delay spread. Therefore, we had a preference for alt. 1 for one OFDM symbol. As for two OFDM symbols pattern, we consider that both alt. 1 and alt. 2 are derived from alt. 1 of one OFDM symbol because all of them are comb-2 base, and alt. 1 of one symbol pattern can be simply extended to alt. 1 and 2 of two symbols pattern by TD-OCC or repetition (TD-OCC ({1 1})). Based on the discussion and evaluation results, we made the following proposal. 
Proposal 1:
· As for front-loaded DM-RS configuration 1, support following alternative. 
· Alt. 1 (Comb 2 + 2 CS, up to 4 ports) for one OFDM symbol
· Alt. 1 (Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports) and Alt. 2 (Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports) for two OFDM symbols

With regard to configuration 2, there are three alternatives for one OFDM symbol pattern to be down-selected to one alternative. The difference among them is in the number of maximum ports. When considering alt. 2 and 3, two-symbol pattern is required in order to support more than two DM-RS ports. DM-RS overhead is increased and the performance degradation would be expected. On the other hand, we see more commonality in alt. 1 to two OFDM symbols pattern because alt. 1 can be simply extended to two symbols patterns by TDM or TD-OCC. Therefore, we made the following proposal.  
Proposal 2:
· As for one OFDM symbol pattern of front-loaded DM-RS configuration 2, support alt. 1 (2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

Considering the both front-loaded DM-RS configurations, totally six DM-RS patterns can be configured for a UE in CP-OFDM. In order to reduce the number of DM-RS patterns, further down selection is necessary. One of the candidate approaches is that the number of OFDM symbols for front-loaded DM-RS is determined according to the number of allocated DM-RS ports seen from gNB. For configuration 1, one OFDM symbol DM-RS pattern is configured when the number of allocated DM-RS ports is one to four, and two OFDM symbol DM-RS pattern is configured when the number of allocated DM-RS ports is five to eight. The same approach can be applied to configuration 2. If applying this approach, the number of DM-RS patterns can be reduced. Based on above discussion, we made the following proposal. 
Proposal 3:
· Apply only one OFDM symbol when the number of allocated DM-RS ports is one to four, and use two adjacent OFDM symbols when the number of allocated DM-RS ports is five to eight for front-loaded DM-RS configuration 1.
· Apply one OFDM symbol when the number of allocated DM-RS ports is one to six, and use two adjacent OFDM symbols when the number of allocated DM-RS ports is seven to twelve for front-loaded DM-RS configuration 2.

For the DM-RS before RRC configuration such as the DM-RS for SIB1, more robust performance is required. According to our simulation results at the last meeting [2], when applying comb-2 + CS which is the same as configuration 1, alt. 1 of above working assumption, more robust performance can be achieved compared with the other patterns irrespective of the number of layers, modulation order, and delay spread. Thus, we made the following proposal. 
Proposal 4:
· Support front-loaded DM-RS configuration 1 for DM-RS before configuration, e.g., SIB1 

2.2. Two ports multiplexing scheme for front-loaded DM-RS
As for two ports multiplexing scheme for front-loaded DM-RS, there are two candidates as shown in figure 1. In order to clarify the performance of candidate multiplexing schemes, we conducted the link-level evaluation as shown in [3]. Based on the evaluation results, we assume that FDM has a slight performance gain compared with CDM. 
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(a) CDM                                                           (b) FDM
Fig. 1  Candidate two ports multiplexing schemes assumed in the evaluation.
Proposal 5:
· Prefer FDM for two DM-RS ports multiplexing. 

2.3. DM-RS design for UL DFT-S-OFDM
As for DM-RS design for UL DFT-S-OFDM, PAPR and coverage are important factors to be considered because DFT-S-OFDM is mainly utilized in cell edge region. Considering the PAPR, comb based DM-RS pattern (including comb-1 which is the same as LTE UL DM-RS) is one of the candidate patterns. Assuming the cell coverage, comb-1 and comb-2 are the candidate patterns because these patterns have a higher insertion density and have a good throughput performance for one layer transmission. In addition, we also have to consider the number of sequences to be supported considering the number of cell IDs (It was agreed that the number of cell IDs is around 1,000 in NR). Based on these discussions, we made a following proposal. 
Proposal 6:
· For UL DFT-S-OFDM DM-RS, support Comb-1 (same as LTE DM-RS) and/or Comb-2.
· Consider the number of sequences to be supported for UL DFT-S-OFDM. 

2.4. DM-RS design for mini-slot
[bookmark: _GoBack]In the previous meetings, discussion about DM-RS design mainly focused on DM-RS for 7/14 symbol slot. We have to define the DM-RS for mini-slot. In order to clarify the performance of candidate mini-slot DM-RS pattern, we conducted the initial link-level evaluation as shown in [3]. In this evaluation, we assume one symbol transmission including data channel and DM-RS, and evaluate the different DM-RS insertion density as shown in figure 2. Based on the evaluation results, we observed that there is a tradeoff between BLER performance and throughput performance. On the other hand, reliability is considered to be one of the important factors because mini-slot will be considered for at least URLLC transmission. Therefore, considering higher reliability transmission in mini-slot, at least we would support denser pattern, e.g., pattern (a) (Comb-2) for mini-slot DM-RS. When the mini-slot is used, the same peak data rate as 14-symbol slot may not be demanded. We need further study on whether to support sparser density, considering the target requirement, e.g., throughput, when using mini-slot.
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(a) 6 REs               (b) 4 REs               (c) 3 REs               (d) 2 REs               (e) 1 RE
Fig. 2  Candidate mini-slot DM-RS pattern assumed in the evaluation.

Proposal 7:
· Consider at least comb-2 for mini-slot DM-RS. 
· FFS: Other patterns, e.g., reduced density pattern for higher throughput performance for eMBB


3. Summary
In this contribution, we have presented our views on DM-RS, and then made the following proposals. 

Proposal 1:
· As for front-loaded DM-RS configuration 1, support following alternative. 
· Alt. 1 (Comb 2 + 2 CS, up to 4 ports) for one OFDM symbol
· Alt. 1 (Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports) and Alt. 2 (Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports) for two OFDM symbols
Proposal 2:
· As for one OFDM symbol pattern of front-loaded DM-RS configuration 2, support alt. 1 (2-FD-OCC across adjacent REs in the frequency domain up to 6 ports
Proposal 3:
· Apply only one OFDM symbol when the number of allocated DM-RS ports is one to four, and use two adjacent OFDM symbols when the number of allocated DM-RS ports is five to eight for front-loaded DM-RS configuration 1.
· Apply one OFDM symbol when the number of allocated DM-RS ports is one to six, and use two adjacent OFDM symbols when the number of allocated DM-RS ports is seven to twelve for front-loaded DM-RS configuration 2.
Proposal 4:
· Support front-loaded DM-RS configuration 1 for DM-RS before configuration, e.g., SIB1 
Proposal 5:
· Prefer FDM for two DM-RS ports multiplexing. 
Proposal 6:
· For UL DFT-S-OFDM DM-RS, support Comb-1 (same as LTE DM-RS) and/or Comb-2.
· Consider the number of sequences to be supported for UL DFT-S-OFDM. 
Proposal 7:
· Consider at least comb-2 for mini-slot DM-RS. 
· FFS: Other patterns, e.g., reduced density pattern for higher throughput performance for eMBB
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