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1. Introduction
This contribution is revised from R1-1716549.
In previous RAN1 meetings, NR-PDCCH DMRS design has been fully discussed with following agreements and working assumptions were achieved [1-4]:
	Agreements:
· MU-MIMO is supported NR-PDCCH using at least non-orthogonal DMRS.

· FFS: orthogonal DMRS for UE-specific NR-PDCCH
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
Agreements:
· Confirm the following 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

· DMRS density per REG for extended CP is same as that for normal CP
Working assumption:

· For a CORESET, precoder granularity in frequency domain is:

· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET

· For ii), DMRS is mapped over all REGs within the CORESET.
Agreements:

· DMRS positions for PDCCH

· Working assumption: Equally-distributed within a REG



2. Discussion
In last RAN1 NR Ad hoc meeting, the working assumption of 1/4 DMRS density per REG has been confirmed, and DMRS positions for NR-PDCCH shall be assumed to be equally distributed within a REG. Whether to support MU-MIMO with orthogonal DMRS is still under the discussion. 

From the interference perspective, MU-MIMO with orthogonal DMRS is beneficial for accurate interference cancellation and thus reliable channel estimation. One straightforward way to support MU-MIMO with orthogonal DMRS is add OCC sequence to distinguish DMRS ports. This can avoid causing additional DMRS overhead and can be somehow transparent to UE through specific design on DMRS port mapping. The OCC sequence could be applied in both frequency domain and time domain. Frequency domain OCC could intuitively support all 1/2/3-symbol length CORESET. However, under current working assumption of DMRS, the discontinuity of DMRS in frequency domain is may impair the orthogonality between DMRS ports, especially in frequency-selective channel. Alternatively, time domain OCC could be possible for 2/3-symbol length CORESET. This requires that REs bearing DMRS are consecutive in time domain, i.e., no RE-shift among OFDM symbols. Note that for 1 symbol CORESET, as control capacity is not limited, we don’t see the necessity of supporting MU-MIMO for NR-PDCCH. An illustrative example of DMRS pattern with and without RE-shift among OFDM symbols is shown in Figure 1. We compared the BLER performance under the DMRS pattern with and without RE-shift. The results in Figure 2 and 3 show that RE-shift does not provide performance gain under 1/4 DMRS density with 15kHz subcarrier spacing. With a larger subcarrier spacing (120kHz), the performance gain only presents in AL=1. Therefore, DMRS pattern without RE-shift should be supported. Figure 4 presents an example of applying time domain OCC.
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Figure 1 An illustrative example of DMRS pattern with and without RE-shift among OFDM symbols
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Figure 2 BLER performance of DMRS pattern with and without RE-shift (SCS=15kHz)
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Figure 3 BLER performance of DMRS pattern with and without RE-shift (SCS=120kHz)
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Figure 4 An example of applying time domain OCC
Based on above discussions, we have following proposals.

Proposal 1: DMRS pattern without RE-shift among OFDM symbols is supported for NR-PDCCH.
Proposal 2: For 2/3-symbol length CORESET, time domain OCC could be applied to distinguish orthogonal DMRS ports for MU-MIMO of NR-PDCCH. MU-MIMO for 1-symbol length CORESET is not supported.
4. Conclusions 
In this contribution, we have the following proposals for NR-PDCCH DMRS design.
Proposal 1: DMRS pattern without RE-shift among OFDM symbols is supported for NR-PDCCH.

Proposal 2: For 2/3-symbol length CORESET, time domain OCC could be applied to distinguish orthogonal DMRS ports for MU-MIMO of NR-PDCCH. MU-MIMO for 1-symbol length CORESET is not supported.
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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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