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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 [1-3]:
	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:
· 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




For CCE-to-REG mapping and PDCCH-to-CCE mapping, agreements for the REG bundle size and structure are made as following in RAN1 NR AH2 and RAN1#90[3],

	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
Agreements:
· Working assumptions are confirmed with the following details.

· For 1/2/3-symbol CORESET, REG bundle size of 6 is supported.

· A REG bundle size is as part of CORESET configuration for a CORESET configured by UE-specific higher-layer signalling.

· FFS: CORESET(s) configured by non UE-specific signaling.

· UE assumes that precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain

· FFS: gNB can inform to the UE whether or not to assume the same precoder over multiple REG bundles.

· Note: more than one CORESET(s) with the UE-specific higher-layer signaling can be configured for the same UE
Agreements:
· Interleaving operates on REG bundles
· FFS: interleaving in the case if and when gNB informs to the UE to assume the same precoder over multiple REG bundles


In this contribution, DMRS design for better support of MU-MIMO are discussed. And whether same precoder over multiple REG bundles can provide performance gain are also discussed and evaluated. 
This contribution is revised from R1-1713842.
2. Discussion on DMRS
From the link level simulation results for different RS densities shown in our contribution [4], it can observe that 1/3 RS density shows no performance gain compared to 1/4 RS density in AL=1/2/4/8. Therefore, the working assumption on DMRS density per REG is 1/4 should be confirmed. Therefore, we can have the following proposal:
Proposal 1: Confirm the working assumption that DMRS density per REG is 1/4 at least for normal CP.
According to the agreements of RAN1 #90 meeting, 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 the working assumption of 1/4 RS density per REG, DMRS in frequency domain is discontinuous, which 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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	(a) 2-symbol CORESET
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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 2: DMRS pattern without RE-shift among OFDM symbols is supported for NR-PDCCH.
Proposal 3: 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.
3. Discussion on same precoder for multiple REG bundles
For lower ALs, small REG bundle size can get more transmit diversity gain than large REG bundle size, and also more frequency diversity gain for interleaved mapping. While for large ALs, which works on lower SNR, better channel estimation accuracy can improve the BLER performance, larger REG bundle size is better. 

Since the coverage performance is mainly depending on the largest AL, evaluations are made based on AL=16 to see whether same precoder for multiple REG bundles can provide coverage gain than single REG bundle. Figure 5, and Figure 6 provide the performance under the following conditions as: precoder size of one REG bundle and two REG bundles for 1 symbol CORESET and 2 symbol CORESET, respectively. Since 16CCE is composed by 96 RBs, for 20MHz bandwidth, there is almost no difference for interleaved and non-interleaved mapping, only non-interleaved result is shown here for 1 symbol CORESET. For 2 symbol CORESET, both non-interleaved and interleaved results are given. The interleaved mapping refers to that the REG bundles are equally distributed across the whole bandwidth. Legend “2 REG bundles” means two REG bundles are consecutive in frequency domain and the same precoder is performed for them and the size of ‘1 REG bundle’ is 6. Detail simulation parameters are given in Appendix A table2.
From the results, it can be seen that, for 2-symbol non-interleaved case, if the same precoder is applied for 2 REG bundles, around 0.5dB gain can be achieved compared with 1REG bundle. The gain mainly comes from channel estimation improvement. While for 1-symbol case, the channel estimation gain from 6 REGs to 12 REGs will be smaller, only around 0.3dB gain are observed for DCI 20 case. For 2 symbols interleaved case, there is no gain since frequency diversity gain loss for 2 REG bundles.
[image: image7.wmf]-18

-16

-14

-12

-10

-8

-6

1E-3

0.01

0.1

1

BLER

SNR(dB)

1REG bundle    2REG bundle

DCI 20      

                

 

DCI 60      

                

 

1 symbol CORESET


Figure.5. comparison of precoder size of one REG bundle and two REG bundles for 1 symbol CORESET
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Figure.6. comparison of precoder size of one REG bundle and two REG bundles for 2 symbol CORESET ,(a) non-interleaved mapping, (b) interleaved mapping
Base on above results, if the same precoder for 2 REG bundles is applied under non-interleaved high ALs case, performance can be improved, while no performance gain for interleaved case. Therefore, gNB can inform to the UE whether or not to assume the same precoder over multiple REG bundles base on mapping method of CORESET and UE channel conditions.
Proposal 4: gNB can inform the UE whether or not to assume the same precoder over multiple REG bundles based on mapping method of CORESET and UE channel conditions.
4. Conclusions 
In this contribution, we have the following proposals for NR-PDCCH DMRS design and multiple REG bundles precoding,
Proposal 1: Confirm the working assumption that DMRS density per REG is 1/4 at least for normal CP.
Proposal 2: DMRS pattern without RE-shift among OFDM symbols is supported for NR-PDCCH.

Proposal 3: 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.
Proposal 4: gNB can inform the UE whether or not to assume the same precoder over multiple REG bundles based on mapping method of CORESET and UE channel conditions.
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Appendix A
Table 1 Simulation assumptions for DMRS
	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


Table 2
Simulation parameters for REG bundles
	Parameters
	Value

	Carrier frequency
	4GHz

	Channel model
	TDL-C, DS = 300ns
Speed = 3km/h

	Antenna port configuration
	2T2R

	Bandwidth
	20MHz

	PDCCH payload
	20/60+16(CRC)

	REG bundle size
	6REG

	Channel coding
	Polar

	Modulation
	QPSK

	Channel Estimation
	MMSE 

	Transmission scheme
	precoder cycling
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