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1. Introduction
In previous meetings, progress on DM-RS design was achieved as follows [1],[2],[3],[4],[5].

	Agreements in RAN1 #86bis:
· NR should support
· UE/PDCCH-specific DM-RS for PDCCH reception. At least for beamforming, UE may assume same precoding operation for PDCCH and associated DM-RS for PDCCH.
· FFS: DM-RS is PDCCH-specific and/or UE-specific
· Shared/Common RS for PDCCH reception
· Whether this sharing will be transparent to UE is FFS
· FFS: Whether UE may assume the same precoding operation between RS and PDCCH
· FFS: QCL between antenna ports for PDCCH demodulation
· FFS: QCL between antenna ports for PDCCH demodulation
· Tx diversity supported. Which scheme/how FFS
Agreements in RAN1 #87:
· when the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol
· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)
· At least for single-stage DCI design:
· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information
· The PRBs may or may not be frequency contiguous
· A UE may have one or more control resource sets
· Working assumption: One DCI message is located within one control resource set
· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel
Agreements in RAN1 NR Adhoc:
· 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

Agreements in RAN1 #89:
· 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
Agreements in RAN1 NR Adhoc2:
· 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 this contribution, we will continue to discuss the DM-RS design for NR-PDCCH including the DM-RS density and the support of MU-MIMO.  
2. Discussion
2.1. DM-RS density 
High DM-RS density could guarantee the channel estimation performance at the cost of sacrificing the coding rate due to the larger RS overhead. To achieve good NR-PDCCH transmission performance, proper DM-RS density should be set so as to strike the balance between channel estimation performance and coding rate. To figure out the proper DM-RS density, we carry out link level evaluation for CORESET with different OFDM symbol durations for the following two potential DM-RS densities. In the evaluation, the REG bundle size equals to the CORESET duration. 
· Alt.1: DM-RS density of 1/4
· Alt.2: DM-RS density of 1/3 

Fig. 1-Fig.3 show the evaluation results for the case of 1 OFDM symbol to 3 OFDM symbols respectively.
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Figure 1 Evaluation results for 1 OFDM symbol
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Figure 2 Evaluation results for 2 OFDM symbols
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Figure 3 Evaluation results for 3 OFDM symbols
According to the results, it is observed that, for aggregation level of 1, DM-RS density of 1/4 outperforms the DM-RS density of 1/3. And in the other cases, they show similar performance. Then it can be generally concluded that DM-RS density should be lower than 1/3.
· Proposal 1: 
· DM-RS density should be lower than 1/3
2.2. Support of MU-MIMO
In previous meeting, it was agreed that MU-MIMO can be supported with non-orthogonal reference signal. The remaining issue is whether support MU-MIMO transmission with orthogonal reference signals. In our opinion, the benefit to support orthogonal reference signal additionally is not clear and it would require more standardization effort since it requires that two UEs share the same NR-REG associated to different antenna ports. There may then be an issue that a UE must know which antenna port to use. One approach is to notify the antenna port via explicit way or implicit way. However, it would result in additional signalling overhead or impose some restriction. Another approach is UE tries every possible antenna port. Although it introduces no additional signalling overhead, it may result in an increased number of blind decoding. Considering the unclear benefit and the obvious side effect. We prefer MU-MIMO is supported only with non-orthogonal reference signal, at least in Rel. 15. 
· Proposal 2: 
· Orthogonal reference signal is not supported for MU-MIMO in Rel. 15.
3. Conclusion
In this contribution, we discuss the remaining issues of DM-RS design including the DM-RS density per REG and the support of MU-MIMO. According to the discussion, our views are summarized as follows. 
· Proposal 1: 
· DM-RS density should be lower than 1/3
· Proposal 2: 
· Orthogonal reference signal is not supported for MU-MIMO in Rel. 15.

References
[1] 3GPP RAN1 #86bis, Chairman’s note.
[2] 3GPP RAN1 #87, Chairman’s note.
[3] 3GPP RAN1 NR AH#1, Chairman’s note.
[4] 3GPP RAN1 #89, Chairman’s note.
[5] 3GPP RAN1 NR AH#2, Chairman’s note.
Annex 
[image: ]


- 4/5 -
image3.emf
0.001

0.01

0.1

1

-14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24

BLER

SNR(dB)

REG bundle size = 3

3 OFDM AL 1 1/4

3 OFDM AL 1 1/3

0.001

0.01

0.1

1

-14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24

BLER

SNR(dB)

REG bundle size = 3

3 OFDM AL 2 1/4

3 OFDM AL 2 1/3

0.001

0.01

0.1

1

-14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24

BLER

SNR(dB)

REG bundle size = 3

3 OFDM AL 4 1/4

3 OFDM AL 4 1/3

0.001

0.01

0.1

1

-14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24

BLER

SNR(dB)

REG bundle size = 3

3 OFDM AL 8 1/4

3 OFDM AL 8 1/3


image4.emf
Parameter Value

Carrier frequency 4GHz

Channel model TDL-A , DS=300ns

System bandwidth 20M Hz

Subcarrier spacing 15k Hz

CP overhead 6.6%

UE speed 3km/h

Antenna configuration 2-by-2

DCI  60+16

Channel coding TBCC

Receiver Channelestimation-based

Channel estimation MMSE

Waveform CP-OFDM

Phase-noise Not modelled
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