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Introduction
In RAN1 #89, Agreement on DMRS design for DL control channel was made as follows:
· Confirm working assumption:
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH
· FFS: DMRS RE overhead for the REG transmitting DMRS is 1/3
· FFS on DMRS pattern
In RAN1 NR Adhoc#2 meeting, the following agreements are made for the DM RS of NR-PDCCH:
· DMRS is mapped on all REGs on all the OFDM symbols of a given PDCCH candidate
· The DMRS density is the same on all REGs
In RAN 1 NR Adhoc#1 meeting， the following agreements are made for NR-PDCCH transmission:
· Transmit diversity scheme for DL control channel is supported.
· FFS; SFBC or precoder-cycling, etc
· Other schemes are not precluded
· FFS number of antenna ports (1 or 2)
· A UE assumes fixed number of RS REs per REG for control channel rate matching when the REG contains RS REs
· FFS;  if the fixed number is configurable
In RAN1 NR Adhoc#2 meeting ,the following agreements are made for CCE structure of NR-PDCCH:
For a 1-symbol CORESET with interleaving, 
· At least REG bundle size = 2 is supported
· Working assumption:
· REG bundle size = 6 is also supported 
· FFS whether configuration between 2 and 6 is explicit or implicit
· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
For a 2 or 3 symbol CORESET with interleaving, 
· At least REG bundle size = CORESET length is supported
· Working assumption:
· REG bundle size = 6 is also supported 
· FFS whether configuration between CORESET length and 6 is explicit or implicit
· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
(Note: REG bundle size = REGs in frequency domain x symbols in time domain)
In this contribution, we give our evaluation and consideration of DM RS design for NR-PDCCH.
DM RS density
we give our evaluation results of the three options of DM RS densities as shown in figure 1：
· Option1：DM RS density is 1/3 
· Option2：DM RS density is 1/4 
· Option 3：DM RS density is 1/6
Here the number of CCE is one and the number of OFDM symbols is three，and also the time-first mapping from an NR-CCE to REGs is evaluated.The detailed simulation results are given in Appendix.
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Figure 1 three options of DM RS densities for NR-PDCCH
The three options of DM RS densities are evaluated based on different aggregation levels as shown in figure 2. 
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Figure 2 the evaluation results of different DM RS densities with different aggregation levels
From the figure 2, we can see that with the aggregation level 1 and 2, the DM RS density of 1/4 and 1/6 have better performance than DM RS density of 1/3, with the aggregation level 4 and 8, the performance of three DM RS densities are similar. 
To be conclude, when the aggregation level is low, although the channel estimation performance with lower densities of DM RS maybe affected, it can get the coding gain with higher coding rate, which is the main factor to affect the BLER performance of NR-PDCCH.
Based on the evaluation results, we give our proposal that the DM RS density should be lower than 1/3.
Conclusion
In this contribution, we give our analysis of evaluation results of three DM RS densities for NR-PDCCH, from the simulation results, we can see that with the aggregation level 1 and 2, the DM RS density of 1/4 and 1/6 have better performance than DM RS density of 1/3, with the aggregation level 4 and 8, the performance of three DM RS densities are similar. Based on the evaluation results, we give our proposal that the DM RS density should be lower than 1/3.
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Appendix
Table 1：Simulation Parameters
	Parameter
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz

	Channel model
	TDL-A+ AWGN

	Delay spread
	300ns

	UE speed
	3km/h

	Antenna configuration
	2*2

	DCI
	60+16

	HAQR
	No AMC/ No HARQ

	Channel coding
	TBCC

	Channel estimation
	Real MMSE channel estimation
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