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1 Introduction
In RAN1#88bis meeting [1], the following was agreed for position of one additional DMRS symbol as:
· For CP-OFDM, if one additional DMRS exists

· At least for non-self-contained ACK/NAK slot, the time distance between the additional DMRS and front loaded DMRS for 14-symbol slot is larger than that for 7-symbol slot. 

· FFS additional DMRS position for 14-symbol slot

· Consider symbol 12th, 11th, 10th, 9th

· Study the location of additional DMRS for self-contained ACK/NAK slots 

· Evaluations are encouraged for next meeting
In addition, the following was agreed in RAN1#88bis meeting [1] for additional DMRS structure as:

· Companies are encouraged to perform further evaluations on additional DM-RS symbols, using same or lower density compared with front loaded DM-RS, and also identifying use cases associated with the operation

· Aim to decide in the next meeting whether to support same density only, or lower density only, or both

· FFS at least CP-OFDM, frequency domain density of front loaded DMRS is configurable.

In this contribution, we provide the performance of DMRS for NR by link-level simulation (LLS) in order to discuss issues on DMRS location and density for additional DMRS structure.
2 NR DMRS performance
2.1 Location for additional DMRS
For high Doppler operation, DMRS transmission instances configured for the later part of slot can be provided to UE in addition to the front-loaded DMRS in order to compensate the channel variation during the remaining of the transmission slot. Further, DMRS needs to enable frequency offset correction and this can at least occasionally require two DMRS transmissions per transmission slot. The DMRS position for additional DMRS transmission instance will have an influence on channel estimation performance. Therefore, there was following agreement in the last RAN1 meeting [1]:
· FFS additional DMRS position for 14-symbol slot

· Consider symbol 12th, 11th, 10th, 9th
Based on the agreement above, we provide evaluation results in this section. The candidate positions for one additional DMRS within 14 symbol slot are depicted in Figure 1 and throughput performances are given in Figure 2. Evaluation assumptions are based on [87-29] email discussion [2] and detailed simulation parameters are given in Appendix A.
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Figure 1 Candidate positions for one additional DMRS within 14-symbol slot
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Figure 2 Throughput performance depending on positions for one additional DMRS within 14-symbol slot (UE speed=30km/h, CDL-A with DS value=30ns)
From Figure 2, we can observe that as additional DMRS is located at the back of 14 symbol slot, there is performance gain in 2-symbol DMRS pattern. Specifically, throughput performance of 2-symbol DMRS pattern shows performance gain in ascending order (d)>(c)>(b)>(a) at symbol indices in Figure 1. Therefore, we can make following observation:
Observation1: For 2-symbol DMRS pattern of 14 symbol slot, performance gain is achieved as additional DMRS located at the back of slot.
Based on observation above, at least for non-self-contained ACK/NAK slot, it would be beneficial that additional DMRS located at the back of slot when 2-symbol DMRS pattern is configured. However, as shown in Figure 1, the time location for front-loaded DMRS was fixed into 3rd symbol considering the first 2 OFDM symbols for NR-PDCCH. However, the maximum number of OFDM symbols for NR-PDCCH was not decided yet. Therefore, at this point, it is difficult to decide exact time location for additional DMRS. Moreover, in case of self-contained ACK/NAK slots, DMRS located at the back of slot may not satisfy the latency requirement. Also, whether to support different configuration for time location on additional DMRS is another remaining issue. Therefore, we propose:
Proposal1: Time location for additional DMRS should be decided after decision on the maximum number of OFDM symbols for NR-PDCCH.
In addition, in order to support high Doppler with high mobility up to 500km/h and/or operation in high frequency bands, three or four time instances of DMRS transmission with a slot with 14 OFDM symbols would be required. Therefore, we propose:
Proposal2: Time location for more than one time instance of additional DMRS should be studied in order to support very high Doppler.
2.2 Density for additional DMRS
As we discussed in the previous section, in order to support very high Doppler, three or four time instances of DMRS transmission with a slot with 14 OFDM symbols would be required and this results in high DMRS overhead. Therefore, density reduction compared to front-loaded DMRS is important and beneficial for throughput performance aspects. Supporting more than one frequency domain DMRS density can be a possible solution for density reduction. According to the agreements made in RAN1#88 meeting [3], we can consider following two options as:

· Opt-1: Additional DMRS with reduced density in frequency domain compared to front loaded DMRS

· Opt-2: Additional DMRS with same density in frequency domain compared to front loaded DMRS

· Note that: Front loaded DMRS can be configured with low density
In order to compare above two options, we provide LLS performance based on DMRS patterns as depicted in Figure 3. For Opt-1, as shown in Figure 3(a), the proposed DMRS Pattern1 and Pattern2 in our companion contribution are utilized [4]. For Opt-2, two different additional DMRS patterns are used for evaluation. First of all, Pattern1 with high DMRS density is considered as in Figure 3(b). Second, Pattern2 with low DMRS density is considered as in Figure 3(b). 
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Figure 3 Additional time domain DMRS structure with different options
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Figure 4 Throughput performance of additional time domain DMRS structures (UE speed=300km/h, CDL-A with DS value=300ns)
Evaluation results for additional time domain DMRS structure with different options in Figure 3 are plotted in Figure 4 and relative performance gain over Opt-2 with Pattern1 are calculated. Here, UE speed of 300km/h and CDL-A channel model with delay spread value of 300ns are assumed. Other simulation parameters used in this section are given in Appendix A. From Figure 4, we can observe that Opt-1 does not provide performance gain over Opt-2 with low density front-loaded DMRS. Therefore, frequency domain density of front loaded DMRS should be configurable in order to handle DMRS overhead. More evaluation results for additional time domain DMRS structure with Opt-2 are given in a companion contribution in more details [5]. In this aspect, we can make following two proposals:

Proposal3: Support additional DMRS symbols with same density in frequency domain compared to front loaded DMRS.
Proposal4: At least for CP-OFDM, frequency domain density of front loaded DMRS is configurable.
3 Conclusions
This contribution provides evaluation results for DL DMRS and proposes the followings based on observations:
Proposal1: Exact time location for additional DMRS should be decided after decision on the maximum number of OFDM symbols for NR-PDCCH.

Proposal2: Time location for more than one time instance of additional DMRS should be studied in order to support very high Doppler.
Proposal3: Support additional DMRS symbols with same density in frequency domain compared to front loaded DMRS.
Proposal4: At least for CP-OFDM, frequency domain density of front loaded DMRS is configurable.
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Appendix A: LLS evaluation assumptions
Table 2 LLS evaluation assumptions

	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz

	Number of TXRUs
	TRP = 8, UE = 2

	Transmission layers for data channel
	SU-MIMO with rank=1

	Transmission scheme
	Codebook based precoding (Codebook-Config is set to ‘1’)

	CSI feedback / Beam management scheme
	· LTE CSI feedback (CQI/PMI feedback with 5 msec periodicity of CSI-RS and 2 msec feedback delay)
· For Beam management, select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.

	CW to layer mapping
	LTE CW to layer mapping

	Data allocation
	· 10 RBs
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel, Error free PDCCH decoding is assumed.

	PRB bundling
	No PRB Bundling

	Modulation order, Coding rate
	LTE CQI based link adaptation

	Channel coding scheme
	LTE turbo coding 

	HARQ
	Synchronous HARQ with Chase Combining (max 4 transmissions)

	Channel estimation
	Real estimation

	Performance metric
	Throughput

	UE speed
	30/300 km/h

	Channel model
	CDL-A with DS value=30/300ns

	TRP antenna configuration
	The number of antenna: Tx=8 and (M,N,P) = (4,4,2). (dV,dH) = (0.5, 0.5)λ
Per antenna element radiation pattern is in TR36.873

	UE antenna configuration
	The number of antenna: Rx=2 and (M,N,P)=(1,1,2) with 0.5λ spacing with omni-directional antenna element
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