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1. Introduction
In previous RAN1 meetings, NR-PDCCH DMRS design has been fully discussed with following agreements and working assumptions were achieved [1][2]:
	Agreements:
· MU-MIMO is supported NR-PDCCH using at least non-orthogonal DMRS.

· FFS: orthogonal DMRS for UE-specific NR-PDCCH
Agreement:
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
Agreement:
· 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


2. DMRS density in freq domain
It has been agreed that DMRS is mapped on all the OFDM symbols for a given PDCCH candidates, but the exact density has not been decided yet. In this contribution, we provide a further evaluation on different DMRS densities. An illustrative example of three typical DMRS densities is shown in Figure 1.
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Figure 1 Illustrative examples of different DMRS densities
Evaluation results are shown in Figure 2. We can see, under aggregation level 1, a lower RS density can achieve a better BLER performance (nearly 2dB gain at 1%BLER for 1/6 density compared to 1/3 density) for all three CORESET durations. Under aggregation level 2 and 4, the performance gap among three densities are generally negligible. Under aggregation level 8, 1/4 and 1/3 density is slightly better than 1/6 for 1-symbol CORESET. From the evaluation results, 1/3 density does not show any performance gain compared to 1/4 density in all cases under the agreement that DMRS is mapped on all OFDM symbols. On the other hand, considering the gain of 1/6 density under aggregation level 1, DMRS density could be down selected from 1/6 and 1/4.
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	(a) 1-symbol CORESET
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Figure 2 BLER performance of three DMRS densities under 1/2/3-symbol CORESET
Observation 1: When AL=1, a lower RS density can achieve a better BLER performance for all three CORESET durations.

Observation 2: When AL=2/4, the performance gap among three options is generally negligible.

Observation 3: When AL=8, option 2 and option 3 is slightly better than option 1 for 1-symbol CORESET. 

Proposal 1: DMRS density in single REG could be down selected from 1/6 and 1/4.
3. RE-shift of DMRS among OFDM symbols
In this section, we evaluate and discuss whether to support RE-shift of DMRS among OFDM symbols for multi-symbol CORESET. The DMRS patterns with RE-shift for 2-symbol and 3-symbol CORESET are shown in Figure 3. 
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Figure 3 An illustrative example of DMRS pattern with RE-shift among OFDM symbols
In Figure 4, we compare the BLER performance of two DMRS pattern, with and without RE-shift among OFDM symbols under 15kHz subcarrier spacing. The results intuitively show that RE-shift among OFDM symbols does not provide performance gain under both 1/6 and 1/4 density. The evaluation results for large subcarrier spacing (120kHz) are shown in Figure 5. For 1/4 RS density, the pattern with RE-shift shows performance gain only under aggregation level 1. In other aggregation levels, the BLER performance is similar. For 1/6 RS density, the pattern with RE-shift shows a clear performance gain under aggregation level 1 and is slightly better under aggregation level 2.
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Figure 4 BLER performance of DMRS pattern with and without RE-shift (SCS=15kHz)
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Figure 5 BLER performance of DMRS pattern with and without RE-shift (SCS=120kHz)
Another consideration on whether to support RE-shift is MU-MIMO. It has been agreed that MU-MIMO is supported NR-PDCCH using at least non-orthogonal DMRS, while MU-MIMO using orthogonal DMRS is remaining FFS. In our view, MU-MIMO using orthogonal DMRS is essential from interference perspective. To support up to 2 orthogonal DMRS ports, both FDM and CDM could be adopted. If FDM, additional signaling is required to inform UE the transmission scheme used and DMRS overhead is also doubled. Thus, CDM is preferable without increasing DMRS overhead and can be somehow transparent to UE. Considering the discontinuity of DMRS RE in freq-domain, DMRS pattern without RE-shift is able to support CDM by adding a length-2/length-3 OCC in time domain. How to support MU-MIMO using orthogonal DMRS for 1-symbol CORESET is FFS.
Proposal 2: Non-shifted DMRS pattern among OFDM symbols could be considered for NR-PDCCH.
4. Conclusions 
In this contribution, we discuss and evaluate DMRS density and possible DMRS designs for NR-PDDCH, with following observations and proposals:
Observation 1: When AL=1, a lower RS density can achieve a better BLER performance for all three CORESET durations.

Observation 2: When AL=2/4, the performance gap among three options is generally negligible.

Observation 3: When AL=8, option 2 and option 3 is slightly better than option 1 for 1-symbol CORESET. 

Proposal 1: DMRS density in single REG could be down selected from 1/6 and 1/4.
Proposal 2: Non-shifted DMRS pattern among OFDM symbols could be considered for NR-PDCCH.
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Appendix A
Table 1 Simulation assumptions

	Parameters
	Assumptions

	Carrier frequency
	4GHz

	System bandwidth
	20MHz

	Subcarrier spacing
	15kHz

	DCI payload size
	60bit + 16bit CRC

	PRB number per CCE
	6

	Resource mapping
	2-REG bundling for 1-symbol/2-symbol COREST
3-REG bundling for 3-symbol CORESET

	MCS
	QPSK

	Channel Coding
	Polar

	Channel model
	TDL-C [300ns]

	Antenna configuration
	2T 2R

	UE speed
	3km/h

	Channel estimation
	MMSE
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