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1. Introduction
At the RAN1 NR Ad-Hoc#2 meeting, we have reached the following agreements [1]:
	Agreements:
· Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported
Agreements:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed
Agreements:
· For DFT-S-OFDM based PUSCH DMRS
· DMRS are mapped to resource elements using a comb structure (IFDMA). 
· DMRS and associated PUSCH are multiplexed in time domain
· At least the following (repetition factor, CS) combinations is supported
·  (2, 2)
· Front load DMRS is allocated to 1 or 2 OFDM symbols
· When 2 OFDM symbols are allocated, TD-OCC ({1 1} and {1 -1}) are supported for orthogonal DMRS port multiplexing.
· FFS the detailed applicability of 1 vs. 2 OFDM symbols
· FFS the location of the DMRS symbol(s)
Agreements:
· For broadcast/multicast PDSCH (other than PBCH), the PDSCH is transmitted with a single DMRS port:
· Support using only one front-load DMRS Configuration from Configuration 1 and Configuration 2. To down-select from:
· Alt 1: Configuration 1 (FFS 1 or 2 symbols) 
· Alt 2: Configuration 2 with 2 symbols
· Support additional DM-RS. To down-select from:
· Alt 1: Additional DMRS is always present 
· Alt 2: Additional DMRS is configurable
· FFS the number of additional DMRS symbol(s)
Agreements:
· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.
· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)
Agreements:
· Study further how to handle DM-RS and SS block collision (if any)
· E.g., changing DM-RS symbol(s) position in time domain, no PDSCH transmission on the collided PRBs, dropping the DM-RS symbol in collision, etc.
Agreements:
· The number of front-load DMRS symbols can be 1 or 2 when the number of DMRS ports allocated to UE is equal or less than N
· N is 4 for Configuration 1 and 6 for Configuration 2.
· FFS the details to determine 1 or 2 symbols
Agreements:
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:
· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)
· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)
· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels
· FFS: When the UE is configured both slot-based scheduling and non-slot-based scheduling, the first DMRS position of the PDSCH can be changed between the 3rd or 4th symbol of the slot and 1st symbol of the scheduled data
Agreements:
· For uplink, the first DMRS position of the PUSCH is fixed relative to the start of the scheduled data.
· FFS: Additional possibility of the another fixed position relative to the start of slot
· The exact fixed position can be changed depending on the duration of the scheduled data
Conclusion:
· For both downlink and uplink, the second or later or additional DMRS is up to MIMO discussion.


In this contribution, we provide link-level evaluation results for additional DM-RS design.

2. Link-level evaluation for additional DM-RS design
In the previous meeting, the following conclusion was made [3]. 
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

In order to clarify the reasonable location and the number of additional DM-RS symbols, we conducted the link-level evaluation.

Figure 1 shows the front-loaded DM-RS pattern assumed in this evaluation. The pattern is the same as front-loaded DM-RS configuration type 1. 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 32 PRBs and 12 OFDM symbols, where each PRB is composed of 12 subcarriers. As for channel estimation, MMSE filtering is applied. If additional DM-RS is configured, MMSE filtering is applied after reception of all DM-RS. 
[image: ]
Fig. 1  Front-loaded DM-RS pattern assumed in the evaluation.
Figures 2, 3, 4, and 5 show the throughput performance for QPSK (R = 1/3) rank 1, 16QAM (R = 1/2) rank 2, 64QAM (R = 2/3) rank 4, and 256QAM (R = 2/3) rank 4, respectively. In these figures, we evaluate the variety of UE speed (3, 30, 120, and 350 km/h), location and the number of additional DM-RS. Other performance results are shown in Appendix B. In these figure, legend shows the location of additional DM-RS counted from front-loaded DM-RS symbol (located in the 3rd symbol in this evaluation). For example, legend “3-8” shows that the number of additional DM-RS symbols is two, and it is located in the 3rd and 8th symbol counted from front-loaded DM-RS (front-loaded DM-RS is on the 3rd symbol, additional DM-RS is on the 6th and 11th symbol). In case of middle and high Doppler with non-self-contained ACK/NACK slot, the result shows that the optimum number and the location of additional DM-RS is different according to the MCS, the number of rank, and Doppler spread value. Based on the simulation results, we conclude that the following configurations are necessary for non-self-contained ACK/NACK slot in order to achieve the robust performance gain. 
· 8th symbol counted from front-loaded DM-RS symbol
· 4th and 8th symbols counted from front-loaded DM-RS symbol
· 4th, 8th, and 10th symbols counted from front-loaded DM-RS symbol
Here, these configurations are selected assuming performance gain, minimizing the number of configurations, and keeping common location of each additional DM-RS configuration. On the other hand, in low Doppler with QPSK case (figure 2 (a)), performance gain can be achieved when the number of additional DM-RS symbols is one compared with no-additional DM-RS case. This is because the number of DM-RS REs is increased and the channel estimation accuracy is improved. In this case, the location of additional DM-RS does not affect the performance. Same tendency can be observed in some cases shown in appendix B. Considering the self-contained ACK/NACK slot, the former location of additional DM-RS is preferable. However, in case of low Doppler with 64QAM (figure 4 (a)), performance degradation can be observed due to the large overhead of additional DM-RS. Therefore, since optimum selection of the number of additional DM-RS is necessary according to the MCS, the support of one symbol additional DM-RS in low Doppler case has a benefit to enhance the throughput performance. In addition, considering candidate additional DM-RS configurations for middle and high Doppler with non-self-contained ACK/NACK slot, common location has a preference to reduce the candidate location of additional DM-RS. Thus, we think the following configuration is necessary for self-contained ACK/ANCK slot. 
· 4th symbol counted from front-loaded DM-RS symbol
Based on these discussions, we made the following observation. 
Observation 1:
· In low Doppler scenario, none or 1 symbol additional DM-RS insertion shows performance gain.
· The following configurations are necessary in order to achieve robust performance. 
· 4th symbol counted from front-loaded DM-RS symbol (for self-contained ACK/NACK slot)
· 8th symbol counted from front-loaded DM-RS symbol (for non-self-contained ACK/NACK slot)
· 4th and 8th symbols counted from front-loaded DM-RS symbol (for non-self-contained ACK/NACK slot)
· 4th, 8th, and 10th symbols counted from front-loaded DM-RS symbol (for non-self-contained ACK/NACK slot)
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(a) 3 km/h                                               (b) 30 km/h
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(c) 120 km/h                                               (d) 350 km/h
Fig. 2  Throughput performance (QPSK (R = 1/3), Rank 1). 
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(a) 3 km/h                                               (b) 30 km/h
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(c) 120 km/h                                               (d) 350 km/h
Fig. 3  Throughput performance (16QAM (R = 1/2), Rank 2). 
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(a) 3 km/h                                               (b) 30 km/h
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(c) 120 km/h                                               (d) 350 km/h
Fig. 4  Throughput performance (64QAM (R = 2/3), Rank 4). 

[image: ][image: ]
(a) 3 km/h                                               (b) 30 km/h
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(c) 120 km/h                                               (d) 350 km/h
Fig. 5  Throughput performance (256QAM (R = 2/3), Rank 4). 


3. Summary
In this contribution, we have presented our evaluation results of DM-RS, and then made the following observations. 
Observation 1:
· In low Doppler scenario, none or 1 symbol additional DM-RS insertion shows performance gain.
· The following configurations are necessary in order to achieve robust performance. 
· 4th symbol counted from front-loaded DM-RS symbol (for self-contained ACK/NACK slot)
· 8th symbol counted from front-loaded DM-RS symbol (for non-self-contained ACK/NACK slot)
· 4th and 8th symbols counted from front-loaded DM-RS symbol (for non-self-contained ACK/NACK slot)
· 4th, 8th, and 10th symbols counted from front-loaded DM-RS symbol (for non-self-contained ACK/NACK slot)
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Appendix A: Simulation Assumptions
Table 1  Simulation assumptions
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Appendix B: Simulation results
[image: ][image: ]
(a) 3 km/h                                               (b) 30 km/h
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(c) 120 km/h                                               (d) 350 km/h
Fig. 6  Throughput performance (QPSK (R = 1/3), Rank 2). 
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(a) 3 km/h                                               (b) 30 km/h
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(c) 120 km/h                                               (d) 350 km/h
Fig. 7  Throughput performance (QPSK (R = 1/3), Rank 4). 
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(a) 3 km/h                                               (b) 30 km/h
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(c) 120 km/h                                               (d) 350 km/h
Fig. 8  Throughput performance (16QAM (R = 1/2), Rank 1). 
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(a) 3 km/h                                               (b) 30 km/h
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(c) 120 km/h                                               (d) 350 km/h
Fig. 9  Throughput performance (16QAM (R = 1/2), Rank 4). 
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(a) 3 km/h                                               (b) 30 km/h
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(c) 120 km/h                                               (d) 350 km/h
Fig. 10  Throughput performance (64QAM (R = 2/3), Rank 1). 
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(a) 3 km/h                                               (b) 30 km/h
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(c) 120 km/h                                               (d) 350 km/h
Fig. 11  Throughput performance (64QAM (R = 2/3), Rank 2). 
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(a) 3 km/h                                               (b) 30 km/h
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(c) 120 km/h                                               (d) 350 km/h
Fig. 12  Throughput performance (256QAM (R = 2/3), Rank 1). 
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(a) 3 km/h                                               (b) 30 km/h
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(c) 120 km/h                                               (d) 350 km/h
Fig. 13  Throughput performance (256QAM (R = 2/3), Rank 2).
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Carrier frequency  4 GHz

Subcarrier spacing 30 kHz

The number of TXRUs TRP =UE = 4

Transmission layer for data channel 1,2, and 4

Transmission scheme LTETM9 random precoding

CW to layer mapping LTE CW to layer mapping

Data allocation 32 RBs 

PRB bundling 1

Modulation order, coding rate

MCS#05 (QPSK, R = 1/3), 

MCS#14 (16QAM, R = 1/2), 

MCS#24 (64QAM, R = 2/3),

MCS#23 (256QM, R = 2/3)

Channel coding scheme LTE turbocoding

UE speed 3, 30, 120, and 350 km/h

Channel model

TDL-C, DS = 10 ns

(Antenna correlation: TRP = medium, UE = low)

The number of TRP antennas 4

The number of UE antennas 4

Channel estimation Realistic channel estimation
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