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1. Introduction
In RAN1 #86bis, several agreements including variable density for demodulation RS design consideration [1] were made as following:
	· Study variable/configurable DL/UL RS pattern for demodulation
· For data channel and control channel

· At least density can be configurable
· FFS: other configurability
· The applicable scenarios need to be studied

· Study variable/configurable DL/UL RS pattern for demodulation
· The first set is front-loaded (i.e. loaded in the front of RB) 

· Other set(s) can be configured for different purposes

· Details FFS (e.g. higher frequency/time density, Rx beam detection, RSRP/CSI-reporting, phase noise compensation)


Based on these agreements, we discuss design of variable RS pattern for NR DMRS, and provide performance result on DMRS design.

2. Discussion 
For NR system design, various requirements are considered as follows:

· Frequency bands: 700MHz, 2GHz, 4GHz, 30GHz, 70GHz 

· Environments: Indoor, Dense urban, High speed, Urban macro, Extremely large coverage

· Mobility: up to 500km/h

· Service Types: eMBB, URLLC, mMTC
We can notify that NR system should be operated in extremely with a different environments (e.g. coverage, Doppler, etc.) and wireless channel of wide range frequency bands. However, if URLLC service is deployed for NR mobile scenario, RS design regarding the front-loaded RS position should be considered for supporting early decoding [1]. Furthermore, in other to support reliable channel estimation for high mobility scenarios, we should consider variable DMRS pattern design to support high Doppler spread as follow:
Alt #1: Scalable numerologies are considered within a given time duration.
Alt #2: Additional DMRS(s) are considered within a given time duration.
· DMRS design for scalable subcarrier spacing 
DMRS design for different numerologies could be considered in case of high Doppler frequency and high frequency band [3]. In Figure 1, we illustrate an example of different subcarrier spacing within a given time duration (e.g. 15kHz, 30kHz, 60kHz).
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(a) 15kHz subcarrier spacing
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 (b) 30kHz subcarrier spacing
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(c) 60kHz subcarrier spacing
Figure 1. Example of different subcarrier spacing 

Direct scaling from 15kHz subcarrier spacing to 60kHz subcarrier spacing leads to short TTI length. The DMRS pattern of 60kHz subcarrier spacing has the advantage of more reliable channel estimates within a given time duration to deal with high Doppler spread in the high SNR regime compared to DMRS pattern of 15kHz subcarrier spacing. On the other hand, that of 60kHz subcarrier spacing has the performance degradation in long channel delay spread compared to that of 15kHz subcarrier spacing. The DMRS pattern using high subcarrier spacing should provide robustness against channel delay spread, additionally dense placement of DMRS symbols in frequency domain.
· DMRS design for time domain density 
In RAN1#86 meeting, there is an agreement regarding additional RS [3] as follows: 
•
 In addition to the front-loaded RS agreed to study in RAN1#85, same or extended/additional RS is studied in NR of at least the following:
· Estimate/compensate Doppler parameters
In addition to the agreement, additional RS should be considered in case of high Doppler frequency and phase noise, which were also discussed in our company contribution [4]. In Figure 2, we illustrate an example of DMRS design with additional RS(s).
 
[image: image4]         
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(a) One symbol for Additional RS               (b) Three symbols for Additional RS
Figure 2.Example of basic DMRS and Additional DMRSs
As shown in Figure 2, we assume two different types of DMRS (i.e. Basic DMRS and Additional RS) located within a given duration (e.g. subframe, slot, etc.). Additional RS can be defined as an additionally transmitted reference signal within a given time duration for the special purpose including Doppler compensation, phase rotation compensation, etc. In the single symbol case for additional RS, additional RS for Doppler compensation could be transmitted in the middle of the given time duration, and this RS would be same with basic DMRS. Also, the three symbol case for additional RS could be considered at high frequency band or very high Doppler frequency. Therefore, considering on the channel conditions (e.g. Doppler frequency, high frequency band, etc.) and purpose, additional RS(s) could be decided for channel estimation performance improvement.
On the other hand, the design of additional RS is required to RS overhead, which was also discussed in our company contribution [5]. Therefore, the trade-off between the channel estimation performance and the DMRS overhead needs to be studied.
Proposal 1: NR DMRS study the trade-off between the channel estimation performance and the DMRS overhead.
3.  Performance Evaluation 
In this section, we provide performance evaluation to compare DMRS pattern(s) for additional RS with scalable numerology. In this simulation, we assume that 14 OFDM symbols per TTI are used. And detailed simulation assumptions are provided in Annex.
In order to confirm the effect of Doppler spread in terms of scalable numerology, we show link level performance under CDL-C channel (Delay spread = 100ns) according to Doppler spread (from 10Hz to 200Hz). Figure 3 shows BLER performance of both modulation (i.e. QPSK, 16QAM) and Coding Rate (i.e. 1/2, 3/4) according to subcarrier spacing (i.e. 15kHz, 60kHz). In this simulation, it is assumed that IFFT based channel estimation method at DMRS position is used, and time interpolation is not considered.
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(a) QPSK 3/4, Subcarrier Spacing 15kHz     (b) QPSK 3/4, Subcarrier Spacing 60kHz
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(c) 16QAM 1/2, Subcarrier Spacing 15kHz    (d) 16QAM 1/2, Subcarrier Spacing 60kHz
Figure 3. BLER performance (2Tx-2Rx, Rank-2, Carrier frequency 2GHz)
As shown in figure 3, we can observe that the performances of numerology in 60kHz subcarrier spacing outperform compared to that in 15kHz subcarrier spacing. It is note that the scalable subcarrier spacing provides robust performance against high Doppler frequency if the effect of channel estimation error due to channel delay spread is less. 
In other to verify the necessity of additional RS, we show link level performance under CDL-C channel (Delay spread = 300ns) according to subcarrier spacing (from 15kHz to 60kHz) and additional RS(s). In this simulation, it is assumed that DMRS pattern for additional RS(s) are same to that for basic DMRS, and time interpolation is considered when additional RS(s) are used.
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64QAM 1/2, fd 100Hz, delay spread 300ns

Figure 4. BLER performance (2Tx-2Rx, Rank-2)
From Figure 4, we observe as follows:
· The 60kHz subcarrier spacing shows more performance degradation in comparison with 15/30kHz subcarrier spacing because of the channel estimation error from frequency seletivity. Therefore when long channel delay spread is considered, DMRS patterns with scalable numerology are inappropriate.
· The performance of additional RS(s) has outperformed compared with different subcarrier spacing because the additional RSs redeem the channel estimation error from time seletivity in spite of RS overhead. 
Observation 2: Additional RS in time domain provides robust performance against high delay spread.
Proposal 2: Additional RS in time domain should be supported for variable RS pattern.
In other to minimize the complexity impact of additional DMRS(s), the channel estimator is performed time interpolation (TI) after frequency interpolation (FI) or only FI. We assume simple TI with linear interpolation in other to minimize the complexity issue.

[image: image11]
64QAM 1/2, delay spread 100ns
Figure 5. BLER performance (2Tx-2Rx, Rank-2)
As shown in figure 5, we can observe that there is a slight gain for use of the channel estimation with TI. Therefore, the additional complexity for the channel estimation is just required to process estimation for additional DMRS(s).
4. Conclusion
In this contribution, we discussed variable density for demodulation RS design, and provided performance results to discuss regarding NR DMRS design. From the discussion, we propose as follows:
Proposal 1: NR DMRS study the trade-off between the channel estimation performance and the DMRS overhead.
Observation 1: Additional RS in time domain provides robust performance against high delay spread.
Proposal 2: Additional RS in time domain should be supported for variable RS pattern.
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6. Annex
Table 1. Simulation assumptions
	Parameter
	Value

	Carrier Frequency
	2GHz

	Doppler Frequency
	10/100/200 Hz

	Channel Model
	CDL-C channel (Delay spread = 30/100/300ns)

	System Bandwidth
	5MHz

	Data Allocation
	96 REs (= 8 x 12), 11 OFDM Symbols

	Subcarrier Spacing
	15/30/60 kHz

	# of OFDM symbol per TTI
	14 with Normal CP

	DMRS position
	3rd OFDM symbol in a subframe

	Antenna Configuration
	2Tx & 2Rx

	Transmission Scheme
	Open-loop (Rank-2, Unitary matrix)

	Channel Estimation
	IFFT based Real Channel Estimation 

	MCS
	QPSK (3/4), 16QAM (1/2), 64QAM (1/2)

	Coding Scheme
	Turbo Coding
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