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1. Introduction
In RAN1#85, several agreements including RS design [1] and RS position [2] were made. In this contribution, we discuss some design issues for NR DMRS and provide performance evaluation according to mobile speed.
2. Discussion
· DMRS design principle
For NR system design, various requirements are considered as follows:
· Frequency bands: 700MHz, 2GHz, 4GHz, 30GHz, 70GHz 
· Numerologies: 15kHz, 30kHz, 60kHz, 120kHz,
· Environments: Indoor, Dense urban, High speed, Urban macro, Extremely large coverage
· Service Types: eMBB, URLLC, mMTC
Since requirements for NR are diverged, it seems hard to meet all requirements using single common RS like as LTE CRS. On the other hands, several types of RS design for each condition may increase hardware complexity. 
Proposal #1: NR assumes that DMRS is designed by common design for normal case and additional feature for special purpose (e.g. high Doppler, large coverage, ultra reliability, etc.)
· DMRS position
In RAN1#86 meeting, there is an agreement regarding RS position [2] as follows: 

- RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped 

Based on the agreement, we assume that DMRS is located at first part of data channel. Also, we can consider introducing additional DMRS for channel estimation performance enhancement and forward compatibility. Furthermore, for above 6GHz, different type of DMRS could be introduced for phase noise compensation. In Figure 2, we illustrate an example of DMRS location.
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(a) For high Doppler frequency                           (b) For high Rank
Figure 1.Example of location for basic DMRS and Additional DMRSs
As shown in Figure 1, we assume that two different types of DMRS (e.g. Basic DMRS and Additional DMRS) are located within a time interval. In case of high Doppler frequency, it would be beneficial for additional DMRS to locate at the middle of time interval. If addition RS is used for phase noise compensation, it is desirable for RS to locate in every OFDM symbol. Therefore, considering on the channel conditions (e.g. Doppler frequency, phase noise, etc.) and purpose, DMRS position could be decided for channel estimation performance improvement.

Proposal #2: NR study channel estimation performance depending on DMRS location considering channel condition and system requirements.
· Overhead analysis
In NR, we need to discuss the guideline of RS overhead for RS design. In Table 1, we calculate NR overhead. For simplicity, if we assume two OFDM symbols are used for DMRS in a DL only time interval which includes 14 OFDM symbols, DMRS overhead is calculated to 14.28%. In the same way, if it is assumed that one OFDM symbol is used for control channel and one OFDM symbol for DMRS, same overhead is calculated. 
Also, for simple comparison with LTE system, we provide LTE DL overhead including control channel, guard period and reference signal in a subframe, as shown in Table 2.
Table 1. NR overhead (Assume to use 14 OFDM symbols for control channel and data channel)

	# of OFDM symbol for DL/UL control channel and guard time
	# of OFDM symbols for NR DMRS

	
	1 symbol
	2 symbols
	3 symbols

	0
	7.14%
	14.28%
	21.42%

	1
	14.28%
	21.42%
	28.57%

	2
	21.42%
	28.57%
	35.71%

	3
	28.57%
	35.71%
	42.85%


Table 2. LTE DL overhead including PDCCH and CRS in a subframe
	# of OFDM symbol 

for PDCCH
	LTE CRS

	
	1 Tx case
	2 Tx case
	4 Tx case

	0
	4.76%
	9.5%
	14.28%

	1
	10.71%
	14.28%
	19.04%

	2
	17.85%
	21.42%
	23.81%

	3
	25%
	28.57%
	30.95%


· Maximum number of AP (Antenna Port) 
In NR, it is desirable to support multiple APs than them of LTE-A (i.e. 8 layers for DL and 4 layers for UL) for SU-MIMO. Accordingly, it is assumed that 8 layers for DL and 4 layers for UL can be a baseline for SU-MIMO perspective. Also, we may consider increasing the number of layers for forward compatible design (e.g. 16 layers for DL and 4 layers for UL). Therefore, DMRS should be designed for supporting 8 layers for DL and 4 layers UL as a baseline. Also, for future improvement, DMRS could be designed for supporting maximum 16 layers for DL and 8 layers for UL.
Proposal #4: DMRS should be designed for supporting 8 layers for DL and 4 layers UL as a baseline. Also, for future improvement, DMRS could be designed for supporting maximum 16 layers for DL and 8 layers for UL.
· Multiplexing of multiple APs 
For higher rank transmission or multi-user transmission, DMRS should provide multiple APs which are multiplexed within a limited resource for DMRS. Especially, in NR, we can assume that multiple APs are multiplexed within one or two OFDM symbols. Figure 2 illustrate an example of AP multiplexing method for DMRS include FDM, FDM+OCC-2, Comb+CDM and CDM (similar with UL DMRS).
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(a) FDM           (b) FDM + OCC-2       (c) Comb+CDM         (d) CDM

Figure 2. Example of AP Multiplexing for DMRS
If multiple APs are multiplexed in an OFDM symbol, it is necessity to consider the sensitivity to frequency selectivity and inter-layer interference. Also, according to multiplexing method, applicable channel estimation method may be different, and channel estimation performance would be different. So, it is needed to study channel estimation performance according to AP multiplexing in terms of channel estimation method, sensitivity to channel variation, etc. In our companion contribution [3], performance evaluation results of AP multiplexing method are provided.

Proposal #5: Antenna port multiplexing method (e.g. FDM, FDM+OCC-2, Comb+CDM and CDM) should be studied in terms of channel estimation method, sensitivity to channel variation, etc.
3. Performance Evaluation
In this section, we provide performance evaluation to verify the necessity of additional DMRS in NR. In this simulation, we assume that two and three OFDM symbols are used for DMRS within a time interval. Figure 3 shows an example of additional DMRS position. 
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(a) Two OFDM symbols for DMRS          (b) Three OFDM symbols for DMRS

Note: DMRS density (1 symbol = 8.33%, 2 symbols = 16.67%, 3 symbols = 25.00%)

Figure 3. Example of additional DMRS position

Figure 4 and 5 show BLER performance of QPSK modulation according to velocity (from 3km/h to 500km/h). In this simulation, it is assumed that perfect channel at DMRS position is used, and time interpolation is not considered. Details of simulation assumption are listed in ANNEX.
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(a) Two OFDM symbols for DMRS          (b) Three OFDM symbols for DMRS

Figure 4. BLER performance of QPSK 3/8 (SISO, 2GHz)
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(a) Two OFDM symbols for DMRS          (b) Three OFDM symbols for DMRS

Figure 5. BLER performance of QPSK 7/8 (SISO, 2GHz)

From the figures, it is observed that additional DMRS in time domain provide robust performance against high Doppler frequency. Especially, in Figure 4(b), we can see the potential of supporting high velocity (e.g. 250km/h, 500km/h) using three symbol DMRS. However, DMRS overhead should be considered.
Observation #1: Additional DMRS in time domain provides robust performance against high Doppler frequency.
4. Conclusion
In this contribution, we discussed some design issues for NR DMRS and provided performance evaluation according to mobile speed. From the discussion, we propose as follow:

Proposal #1: NR assumes that DMRS is designed by common design for normal case and additional feature for special purpose (e.g. high Doppler, large coverage, ultra reliability, etc.)
Proposal #2: NR study channel estimation performance depending on DMRS location considering channel condition and system requirements.
Proposal #3: DMRS should be designed for supporting 8 layers for DL and 4 layers UL as a baseline. Also, for future improvement, DMRS could be designed for supporting maximum 16 layers for DL and 8 layers for UL.
Proposal #4: Antenna port multiplexing method (e.g. FDM, FDM+OCC-2, Comb+CDM and CDM) should be studied in terms of channel estimation method, sensitivity to channel variation, etc.
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Annex
Table 1. Simulation Assumptions
	Parameters
	Values

	Carrier frequency
	2GHz

	Channel model
	EPA

	Subcarrier Spacing
	15kHz

	# of RBs
	8

	Coding Scheme
	Turbo Coding

	Antenna Configuration
	SISO

	MCS level
	QPSK, 3/8, 7/8

	Channel Estimation
	Perfect Channel Estimation @ DM-RS position
(w/o time interpolation)

	Doppler
	6, 28, 56, 111, 222, 436, 926Hz

	Speed
	3, 15, 30, 60, 120, 250, 500km/h
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