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1 Introduction
In the RAN1 #90 meeting, there was a working assumption regarding the DMRS density per REG as follows. In this paper, we further evaluate the performance for DMRS densities 1/4 and 1/3 with the latest agreements in Polar code. The DMRS sequence is also discussed. In addition, we provide our views on whether to support orthogonal MU-MIMO for PDCCH in NR.

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
2 Remaining issues on PDCCH structure
2.1 DMRS density
Generally speaking, the essence of the issue of proper DMRS density is to try to find a balance between the code rate and the channel estimation (CE) performance. When the SNR operation point is low, the CE accuracy is not good because of large noise level. In this case, increasing the DMRS density can help compensate the CE loss and thus achieve better decoding performance. When the SNR operation point is high, the benefit of further improvement on the CE accuracy is very limited due to low noise level in nature. The decrease of the code rate can lead to more significant decoding performance enhancement.

In this paper, the following DMRS densities are simulated. The evaluations are conducted by taking the Polar code into account. Therefore, the impact of code rate in Polar code is reflected in provided results.
· Case #1: DMRS density 1/4
· It is used to strike a balance between the code rate and the CE accuracy.

· Case #2: DMRS density 1/3

· It is aimed to improve the CE performance especially in low SNR region or frequency selective fading channel. 

The simulation assumptions are listed in Table A.1.1 in Appendix A.1. And Table 2 and 3 provide the SNR operation points at BLER 1% for DCI size 20 and 60 bits, respectively. The performance curves are also provided in Appendix A.2. According to the results, the observations are listed below.
Observation #1:

· Compared with the performance of DMRS density 1/4, DMRS density 1/3 provides better performance in high ALs, e.g., 4 and 8. But the gain is highly related to the following factors:
· REG bundle size: the gain is decreasing with the increase of the REG bundle size. When the REG bundle size is 6, DMRS density 1/4 provides better performance in most cases.

· Code rate: the gain is decreasing with the increase of the code rate. With low ALs or DCI size 60 bits, DMRS density 1/4 achieves better performance in most cases. And the performance loss for DMRS density 1/3 in AL1 is significant, e.g., larger than 1dB.

· Fading channel: the gain is increasing with the increase of frequency selectivity of fading channel. More available pilots in frequency domain can help to get better CE accuracy when the channel varies fast in frequency domain. 

· Overall, DMRS density 1/4 is a superior choice for NR-PDCCH. The DMRS density 1/4 has better performance than which of DMRS density 1/3 in most cases. The gain in low ALs is very large especially when the payload size is not small. And the loss in high ALs is relatively small. Therefore, DMRS density 1/4 strikes a better balance between the code rate and CE quality.

Consequently, we propose:
Proposal #1: Confirm the working assumption regarding DMRS density in RAN1 #90 meeting

· DMRS density per REG is 1/4 for NR-PDCCH.
Table 1. SNR operation points at BLER 1% for DCI 20 bits 
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Table 2. SNR operation points at BLER 1% for DCI 60 bits
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2.2 DMRS sequence

For the common PDCCH, the initialization of DMRS sequence should not be connected to the UE-specific ID because the UEs have no such information during the initial access. The simplest way is to use the cell ID as the sequence initialization for common PDCCH. For the UE-specific PDCCH, the DMRS sequence initialization can be configured through the higher layer signalling. In our opinion, the sequence initialization in LTE Rel-9 DMRS can be reused, that is, it’s associated with 
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 and nSCID, where nSCID belongs to {0,1}. The benefit of having very few possibilities with the DMRS sequence generation is to preserve the flexibility of DMRS interference cancellation (IC) for an UE in future release without additional network signalling assistance.

In LTE, the CRS always exists and the power boosting can be applied to the CRS to increase the received signal strength. In order to randomize the interference among the neighbouring cells, the cell-specific frequency shift is used. However, in NR, the DMRS is accompanied with the PDCCH. There is no strong motivation to preserve the cell-specific frequency shift. One of the advantage of removing the frequency shift is to have the flexibility of DMRS-IC for an UE in future release. Instead of colliding with the PDCCHs from other cells, the DMRS-IC is easier to be performed when the desired DMRS is collided with the DMRS from other cells.

Therefore, we have following proposals.

Proposal #2: The DMRS sequence initialization for the common PDCCH is related to the cell ID.

Proposal #3: The DMRS sequence initialization for the UE-specific PDCCH is configured by higher layer signalling and not related to the UE-specific ID.

Proposal #4: The DMRS within a REG occupy the same REs in a REG for all cells.

2.3 Precoder granularity in frequency domain
In the RAN1 #90 meeting, there was a FFS as follows.

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

The motivation for this FFS is to further enhance the CE quality for an UE. But, how large the gain can be achieved is questionable. Firstly, for the non-interleaved mapping, the REG bundle size is 6. The number of pilots within a REG bundle unit is 18 (6*3) based on the DMRS density 1/4. How much the performance can be further improved should be evaluated. Secondly, for the interleaved mapping, the largest REG bundle size is also 6. And with this mapping, the multiple REG bundles are possibly distributed in frequencies to yield the frequency diversity. With this, the CE improvement may be limited. Additionally, besides the frequency diversity, the beamforming diversity is also important for pursuing the performance robustness. The use of the same precoder across multiple REG bundles may restrict the beamforming diversity and lead to performance degradation.

As a result, we propose:

Proposal #5: the UE doesn’t assume the same precoder over multiple REG bundles.

3 Orthogonal Multi-user MIMO
Another remaining issue for NR-PDCCH is whether to support the orthogonal MU-MIMO. As well known, the benefit of orthogonal MU-MIMO is to provide the robustness of decoding performance when the spatial separation is not good between the co-scheduled UEs. However, the following factors should be considered.

1. Spatial separation between co-scheduled UEs in NR

Compared with LTE system, NR has a larger number of antennas at gNB. It is expected that the spatial separation between the co-scheduled UEs can be improved. Therefore, the non-orthogonal MU-MIMO may be enough to provide the robust performance.
2. Orthogonal DMRS with length-3 OCC

In the working assumption of RAN1 #90 meeting, the DMRS density per REG is 1/4. In this case, the performance degradation would be significant if orthogonal MU-MIMO is supported. Here, we consider that the DMRS orthogonality of co-scheduled UEs is conducted by using length-3 OCC within a REG. It is hard to maintain the orthogonality between DMRS when the channel varies fast in frequency. Moreover, when the REG bundle size equals to the CORESET time duration, i.e., the REG bundle size in frequency domain (f-domain) is one, the CE interpolation cannot be done well because there is only one available RS sample in the f-domain after despreading. The performance degradation may not be acceptable.

3. QPSK modulation order for NR-PDCCH

QPSK is not very sensitive to the CE error, so supporting the non-orthogonal MU-MIMO would be enough. Figure 1 provides the performance study for MU-MIMO in MUST work item. In the simulations, both co-scheduled UEs use QPSK. The results show that the performance loss is small for QPSK. Besides, the results also indicate that the performance degradation for 4TX is larger than which of 8TX. In the simulations, the MIMO correlation settings are Xpol high correlation and ULA low correlation for 8TX and 4TX cases, respectively. The 8TX case is more likely to have better spatial separation between co-scheduled UEs. Therefore, the performance loss due to the non-orthogonal DMRS ports between co-scheduled UEs is less in 8TX. Based on the discussions, we propose:

Proposal #6: Orthogonal MU-MIMO is not supported for NR-PDCCH.
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Figure 1. Performance comparison for orthogonal and non-orthogonal DMRS ports with QPSK
4 Conclusions

In this paper, we provide the simulation results and our views on the remaining issues of PDCCH in the following aspects.
· DMRS density and sequence
· Precoder granularity in frequency domain

· Whether to support the orthogonal MU-MIMO for NR-PDCCH
Based on the discussions, we have proposals as follows.
Proposal #1: Confirm the working assumption regarding DMRS density in RAN1 #90 meeting

· DMRS density per REG is 1/4 for NR-PDCCH.
Proposal #2: The DMRS sequence initialization for the common PDCCH is related to the cell ID.

Proposal #3: The DMRS sequence initialization for the UE-specific PDCCH is configured by higher layer signalling and not related to the UE-specific ID.

Proposal #4: The DMRS within a REG occupy the same REs in a REG for all cells.
Proposal #5: the UE doesn’t assume the same precoder over multiple REG bundles.

Proposal #6: Orthogonal MU-MIMO is not supported for NR-PDCCH.
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Appendix
A.1 Simulation assumptions
Table A.1 Simulation assumptions
	Parameters
	Values

	Duplexing mode
	FDD

	Duration of simulation
	10000 subframes

	Channel bandwidth 
	10 MHz

	Carrier frequency
	4 GHz

	Subcarrier spacing
	15 kHz

	BS antenna configuration
	2 TX

	UE antenna configuration
	2 RX

	Channel type
	TDL-C

	RMS delay spread (DS)
	30 ns, 1000 ns

	UE speed
	3 km/hr

	CORESET time duration
	2 OFDM symbols

	Transmission scheme
	Precoder-cycling

	DCI size
	20/60 bits

	CRC size
	21+3 bits

	Channel encoding
	Polar code with agreed rate-matching in RAN1#90

	Modulation order
	QPSK

	Number of REGs per CCE
	6

	CCE aggregation level
	1, 2, 4, 8

	Interleaver
	LTE block interleaver based on REG bundle unit

	Channel estimation
	2 x 1-D MMSE


A.2 More evaluation results

In Section A.2, the evaluation results are provided for different DMRS densities 1/4 and 1/3. The SNR operation points at BLER 1% are summarized in Table 1 and 2 for DCI size 20 and 60 bits, respectively. Figures A.1.1~A.1.4 are for DCI size 20 bits with different REG bundle size and RMS delay spread channels. And Figures A.1.5~A.1.8 are for DCI size 60 bits with different REG bundle size and RMS delay spread channels. The observations are provided in Section 2.
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 Figure A.1.1 Performance for DCI 20 bits with RMS DS 30 ns and REG bundle size 2
[image: image6.png]BLER

BLER

NR-PDCCH, 2-symbol, TDL-C, RMS DS 1000ns, 3 km/hr, AL1, DCI =20 bits 0, NR-PDCCH, 2-symbol, TDL-C, RMS DS 1000ns, 3 km/hr, AL2, DCI =20 bits
10

—o—DMRS 1/4 —o—DMRS 1/4
—o—DMRS 1/3 —o—DMRS 1/3
107! k| 1
I
E]
102 k| 1
S A A L L
O 131211109 8 7 6543 2-10 1 2 3 4 5 6 7 8 5101112131415 16 101112131415 16
SNR [dB]
. NR-PDCCH, 2-symbol, TDL-C, RMS DS 1000ns, 3 km/hr, AL4, DCI =20 bits . NR-PDCCH, 2-symbol, TDL-C, RMS DS 1000ns, 3 km/hr, AL8, DCI =20 bits
10 10
—o—DMRS 1/4 —o—DMRS 1/4
—o—DMRS 1/3 —o—DMRS 1/3
1071 3 3
I
E]
102 k| 1
S T Y . W N S Y. O O L

L L L P R 10 L L P R
-1413-12-11-10-9 -8 -7 -6 -5-4-3-2-10 1 2 3 4 5 6 7 8 9 10111213141516 -1413-12-11-10-9 -8 -7 -6 -5-4-3-2-10 1 2 3 4 5 6 7 8 9 10111213141516
SNR [dB] SNR [dB]




Figure A.1.2 Performance for DCI 20 bits with RMS DS 1000 ns and REG bundle size 2
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Figure A.1.3 Performance for DCI 20 bits with RMS DS 30 ns and REG bundle size 6
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Figure A.1.4 Performance for DCI 20 bits with RMS DS 1000 ns and REG bundle size 6
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Figure A.1.5 Performance for DCI 60 bits with RMS DS 30 ns and REG bundle size 2
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Figure A.1.6 Performance for DCI 60 bits with RMS DS 1000 ns and REG bundle size 2
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Figure A.1.7 Performance for DCI 60 bits with RMS DS 30 ns and REG bundle size 6
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Figure A.1.8 Performance for DCI 60 bits with RMS DS 1000 ns and REG bundle size 6
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