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1. Introduction
At the RAN1 NR Ad-hoc#3 meeting, we have reached the following agreements on DM-RS [1]:
	Agreement:
For 1-symbol front loaded DMRS, three additional DMRS symbols may be configured for slot-based transsmisions
· The above applies for PDSCH and PUSCH without hopping
· FFS: The applicable subcarrier spacing for the three additional DMRS will be finalized in RAN1#91 
· Note: The above agreement is for PDSCH / PUSCH length of FFS OFDM symbols
Agreement:
Frequency-domain staggering of additional DMRS with respect to the front-load DMRS inside a DL slot is not supported in Rel-15.
Working assumption
For broadcast/multicast PDSCH (other than PBCH): support using the front-load DMRS Configuration 1
· FFS: Whether the above applies for unicast PDSCH transmission before RRC connection 
Agreement:
For a slot, for 2-symbol front-load DMRS, one 2-symbol additional DMRS may be configured.
· further discuss next meeting the support of the case of two 2-symbol additional DMRS.
· companies are encouraged to consider the use case of HST and high order MU-MIMO with more than 6 orthogonal DM-RS ports, with realistic CSI feedback, etc.
DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource specific w.r.t to a wideband CC from network perspective.
Agreement:
NR supports up to 4 ports per-UE in MU-MIMO
· Study further the relation of the maximum number of per-UE MU-MIMO ports to the 1-symbol and 2-symbol DMRS and the configuration type. 
Agreement:
· For slot-based scheduling, for PDSCH, when three additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd symbol, the three additional DMRS symbol can be at least configured in the 6th, 9th and 12th symbols.
· Note: See the agreed positions in the figure below.
· The yellow region in the figure below does not contain PDSCH.
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Agreement:
· For slot-based scheduling, for PDSCH, when two additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd or 4th symbol, the two 1-symbol additional DMRS symbols can be configured in the {8th, 12th} and {7th, 10th} symbol.
· Note: See agreed positions in the figure below.
· The yellow region in the figure below does not contain PDSCH
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· When the last two symbol of the slot do not contain PDSCH:
· The two additional DMRS can be configured in the {7th,10th} symbol
[image: ]
Agreement:
· For slot-based scheduling, for PDSCH, when one 2-symbol additional DMRS symbol is configured for the 2-symbol front-load DMRS with the first symbol of front-load DMRS on the 3rd or 4th symbol, the one additional 2-symbol DMRS can be at least configured in the {9th-10th} or {11th-12th} OFDM symbols in a slot
· Example of applicability of the patterns for first symbol of front-load DMRS on the 3rd symbol. 
[image: ]


In this contribution, we provide link-level evaluation results and our views on DM-RS design for mini-slot. Note that this contribution is a revision of R1-1716092. 

2. Views on DM-RS for mini-slot
2.1. DM-RS pattern
In the previous meetings, discussion about DM-RS design mainly focused on DM-RS for 14 symbol slot. We also have to design the DM-RS for mini-slot which has length from one to slot length – 1 symbol(s). In order to clarify the performance of candidate DM-RS patterns for mini-slot, we conducted the link-level evaluation. In this evaluation, we assume two symbol mini-slot transmission including data channel and DM-RS, and evaluate the different DM-RS insertion densities as shown in figure 1. Patterns (a) and (b) are the same DM-RS patterns as one symbol front-loaded DM-RS configurations type 1 and 2 for 14 symbol slot, respectively. And pattern (c) is designed considering DM-RS overhead reduction compared with pattern (a) and (b). 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 one, two, and four. The data is assumed to be mapped to 50 PRBs, where each PRB is composed of 12 subcarriers. And PRB bundling with 4 PRBs is applied. As for channel estimation, MMSE filtering is applied. 
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(a)                                       (b)                                        (c)
Fig. 1  Candidate mini-slot DM-RS patterns assumed in the evaluation.

Figures 2 and 3 respectively show the BLER performance and throughput performance when MCS is QPSK (R = 1/3). Other evaluation results assuming MCSs of 16QAM (R = 1/2) and 64QAM (R = 2/3) are shown in Appendix B. Figure 2 shows that the required SNR becomes smaller when applying denser DM-RS pattern, e.g., pattern (a), 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 3 shows that the higher peak throughput can be achieved when applying sparser DM-RS pattern, e.g., pattern (c). In case of 16QAM and 64QAM (Appendix B), the same tendency can be observed. Based on these discussions, we make the following observation. 
Observation 1:
· For mini-slot DM-RS pattern, denser DM-RS insertion density pattern achieves better BLER. 
· For mini-slot DM-RS pattern, sparser DM-RS insertion density pattern achieves higher throughput performance.  
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 2  BLER 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 (QPSK (R = 1/3)). 

In contrast to slot based transmission, reliability is considered to be one of the important factors in mini-slot based transmission because URLLC is one of the potential use cases for mini-slot based transmission. In addition, since TBS (transport block size) of data channel may be small in mini-slot transmission compared with slot based transmission, the coding gain of data channel may be degraded. Therefore, in order to achieve higher reliability, we have a slight preference to support at least denser DM-RS pattern, e.g., patterns (a) and (b). In addition, it also helps to support common DM-RS configuration between slot based and non-slot based transmission, i.e., front-loaded DM-RS configuration type 1 and 2 for 14 symbol slot can be reused for mini-slot case. When the mini-slot is applied, the same peak data rate as 14-symbol slot may not be demanded. We need further study on whether to support sparser DM-RS density, considering the target requirement, e.g., throughput, when using mini-slot. 
Proposal 1:
· Support at least the same front-loaded DM-RS pattern for mini-slot as front-loaded DM-RS for 14 symbol slot. 
· FFS: Other patterns, e.g., reduced density pattern for higher throughput performance for eMBB. 

2.2. Additional DM-RS
In order to compensate the Doppler spread in mini-slot based transmission, support of additional DM-RS is necessary in addition to front-loaded DM-RS. As for additional DM-RS for 14 symbol slot, the location and the number of additional DM-RS is under discussion [1]. In [2], we show the evaluation results on additional DM-RS for 14 symbol slot, and also propose the reasonable additional DM-RS configurations. In order to simplify the additional DM-RS configuration irrespective of the slot/mini-slot transmission, the same location of additional DM-RS is preferable as long as a clear benefit is not seen for different number and location of additional DM-RS. And if additional DM-RS can’t locate the same location due to the short mini-slot length, we don’t support the additional DM-RS. Thus, we made the following proposal. 
Proposal 2:
· Support the same location of additional DM-RS irrespective of the slot/mini-slot transmission. 

3. Summary
In this contribution, we have presented our views on DM-RS for mini-slot, and then made the following observations and proposals. 
Observation 1:
· For mini-slot DM-RS pattern, denser DM-RS insertion density pattern achieves better BLER. 
· For mini-slot DM-RS pattern, sparser DM-RS insertion density pattern achieves higher throughput performance.  
Proposal 1:
· Support at least the same front-loaded DM-RS pattern for mini-slot as front-loaded DM-RS for 14 symbol slot. 
· FFS: Other patterns, e.g., reduced density pattern for higher throughput performance for eMBB. 
Proposal 2:
· Support the same location of additional DM-RS irrespective of the slot/mini-slot transmission. 
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Appendix A: Simulation Assumptions
Table 1  Simulation assumptions for mini-slot DM-RS pattern
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Appendix B: Simulation results for mini-slot DM-RS pattern
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(a) DS = 10 ns                                               (b) DS = 100 ns
[image: ]
(c) DS = 300 ns
Fig. 4  BLER performance (16QAM (R = 1/2)). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 5  Throughput performance (16QAM (R = 1/2)). 
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(a) DS = 10 ns                                               (b) DS = 100 ns
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(c) DS = 300 ns
Fig. 6  BLER 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. 7  Throughput performance (64QAM (R = 2/3)).
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