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1 Introduction
In RAN1#90 meeting, agreement and working assumption [1] for DMRS density were made as follows:
Agreements:
· DMRS density for a CORESET is down-selected between 1/3 or 1/4.

· FFS: need of additional DMRS density.

· Sequence, density, and applicability of MU-MIMO is still under discussion
Working assumption:
· DM-RS density per REG is 1/4 at least for normal CP
· FFS: orthogonal DMRS for MU-MIMO at RAN1 NR AH#3.
· FFS: URLLC

In this contribution, we provide our views on DMRS REs density and locations of PDCCH. Considering a unified design, the simplest approach, i.e., locate the reference signals in each REG identically, should be considered. And based on our simulation results, confirm the working assumption that each REG has 3 DMRS REs is preferred.
2 Discussion
DMRS REs location
According to RAN1_NRAH2 meeting, DMRS is mapped on all REGs on all the OFDM symbols of a given PDCCH candidate and the DMRS density is the same on all REGs. And in RAN1#90 meeting, the working assumption for DMRS REs density is 1/4. However, the DMRS REs location have not decided yet. In figure 1, we illustrate two examples for the location of DMRS REs. From channel estimation point of view, Figure 1(a) has better accuracy due to shifted DMRS across different CORESET symbols. However, in some frequency band, DMRS REs in fixed locations, i.e., Figure 1(b), may be needed when the PDCCH spans multiple OFDM symbols to enhance phase tracking. Besides, DMRS REs in fixed locations are also beneficial for orthogonal DMRS design for MU-MIMO due to time domain OCC can be applied to CORESET crossing multiple symbol duration. Therefore, a single unified design where DMRS REs within a REG are located in the same locations for all CORESET symbols should be considered.
Proposal 1: DMRS REs within a REG are located in the same locations for all CORESET symbols should be considered.
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Figure 1: Example for DMRS REs location

DMRS REs density
Channel estimation quality depends on REG bundle size and DMRS density per REG. Higher DMRS density within a REG may acquire accurate channel estimation, however, it will impact the performance for lower aggregation level (AL) due to higher coding rate. On the other hand, when distributed transmission is used, frequency diversity can provide advantage as well to enhance performance. Therefore, we focus on a one symbol CORESET with interleaving for different DMRS density in our simulation considering both DMRS density and frequency diversity jointly. 
The detailed simulation settings are listed in Table 1 in appendix. Figure 1 shows the BLER performance of PDCCH on TDL C-300ns@3km/h channel model for different DMRS density values. Based on our simulation result, we can observe that DMRS density of 1/4 is the best option since the gain provided by higher DMSR density is limited at AL8 and the loss compared to higher DMRS density is not too great at AL1. Therefore, we propose the following:
Proposal 2: Confirm the working assumption: 

The DMRS density per REG is 1/4.
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Figure 1: Simulation results for delay spread of 300ns
3 Conclusion
In this contribution, we discuss DMRS density and location within a REG. Based on the discussion and simulation result, we have the following proposals:
Proposal 1: DMRS REs within a REG should locate in the same location
Proposal 2: Confirm the working assumption:

The DMRS density per REG is 1/4.
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Appendix

Table 1. Link level simulation parameters

	Parameters
	Values

	Carrier frequency
	4GHz

	Channel model
	 TDL-C 300ns

	System bandwidth [MHz]
	20

	Subcarrier spacing [KHz] 
	15

	UE speed
	3km/h

	Antenna configuration
	2X2

	DCI payload
	60 bits + CRC 16bits

	RS density
	1/6, 1/4, 1/3

	Channel estimation
	2D-MMSE

	Encoding scheme
	TBCC

	Resource mapping
	Distributed REG-to-CCE mapping

	Number of control channel symbol
	1

	CCE aggregation level
	AL 1, 2, 4, 8

	REG bundle size
	2


