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1 Introduction
In NR ad-hoc meeting, the following options for MU-MIMO support has been agreed for further study [1]:

	Agreements:
· Study the following options: 
· Option1: with 16 orthogonal DMRS ports or 
· Option2: with non-orthogonal  DMRS ports in addition to 8 orthogonal ports
· Other options are not precluded.


In this contribution we provide study results for the number of MIMO layers required for MU-MIMO operation. The study can be used to guide the DM-RS and corresponding DL control signalling designs.
2 Discussion
MU-MIMO performance with different number of MIMO layers
To evaluate the performance of MU-MIMO with different number of layers, system-level performance evaluations were carried out. For evaluation the optimal configurations and assumptions were selected to provide the upper bound performance for MU-MIMO transmission scheme. 
· non-quantized CSI feedback based on the principle eigen-vectors of the channel for the SLNR beam forming
· genie-aided CQI feedback for link adaptation to provide perfect selection of MCS considering both intra-cell and inter-cell interference

· wide antenna arrays with 8 antenna ports in horizontal domain and 2 antenna ports in the vertical domain to maximize the multi-user multiplexing gains (see Figure 1) 
Four Rx antenna at the UE without channel estimation errors on DM-RS and CSI-RS. The maximum rank at the UE was restricted to 2 MIMO layers.
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Figure 1: Antenna configuration for MU-MIMO study
The performance of MU-MIMO with different number of MIMO layers was obtained for non-full buffer traffic model with packet size of 100Kbytes. The packet arrival rate was selected in such way to achieve high and very high resource utilization (above 60%).

From the presented results in Table 1, it can be seen that for MU-MIMO with maximum of 8 MIMO layer harvest most of the performance gains. Under ideal conditions only slight performance improvement can be achieved with maximum of 12 MIMO layers in 95%-tile of UE packet throughput and no performance improvement for other metrics. There is also no gains for MU-MIMO transmission with more than 12 MIMO layers.
Table 1: MU-MIMO performance with different number of MIMO layers for FTP traffic model
	lambda, 1/s
	Number of MIMO layers
	UE packet throughput, Mbps



	RU, %

	
	
	Average
	5% of CDF
	50% of CDF
	95% of CDF
	

	33
	8
	30.00
	16.16
	28.93
	43.46
	46.34

	
	12
	30.31 (1%)
	17.44 (8%)
	29.03 (0%)
	43.46 (0%)
	46.12

	
	16
	30.31 (1%)
	17.40 (8%)
	29.03 (0%)
	43.46 (0%)
	46.12

	52
	8
	25.15
	12.09
	23.56
	43.02
	66.20

	
	12
	26.12 (4%)
	14.59 (21%)
	24.31 (3%)
	43.02 (0%)
	65.28

	
	16
	26.12 (4%)
	14.61 (21%)
	24.31 (3%)
	43.02 (0%)
	65.29


Figure 2 shows the distribution in the number of MIMO layers at the TRP side. It can be seen that for ideal condition the probability of scheduling more the 8 MIMO layers a TRP side is marginal which explain small performance gains due to more than 8 MIMO layers in MU-MIMO. 
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Figure 2: Probability of using different number of MIMO layers at TRP in FTP traffic model
The performance of MU-MIMO with different number of MIMO layers was also obtained for full buffer traffic model. From the presented results in Table 2, it can be seen that for MU-MIMO with maximum of 12 MIMO layer harvest most of the performance gains. There is no gains for MU-MIMO transmission with more than 12 MIMO layers.

Table 2: MU-MIMO performance with different number of MIMO layers for full buffer traffic model

	Number of MIMO layers
	Average cell SE
	Average cell-edge SE

	8
	12.39
	0.479

	12 
	15.32 (24%)
	0.533 (11%)

	16
	15.40 (24%)
	0.518 (8%)


Figure 3 shows the distribution in the number of MIMO layers at the TRP side. It can be seen that for ideal condition the probability of scheduling more the 12 MIMO layers a TRP side is marginal that explain small performance gains due to more than 12 MIMO layers. It is expected that the maximum number of MIMO layers are reduced when practical assumptions for CSI feedback are considered.
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Figure 3: Probability of using different number of MIMO layers at TRP in full buffer traffic model

Based on the performance results the following observations can be made:

Observations:

· Under ideal CSI feedback of non-quantized channel feedback and genie-aided CQI:

· For non-full buffer traffic model, 8 MIMO layers harvests most of the performance gains in MU-MIMO transmission. There is no obvious improvement from using for more than 8 MIMO layers
· For full buffer traffic model 8 and 12 MIMO layers harvests most of the performance gains in MU-MIMO transmission. There is no obvious improvement from using for more than 12 MIMO layers
· The number of MIMO layers is expected to be reduced when non ideal CSI feedback is considered
Proposal:
· Consider the above observations for DM-RS design
Summary
In this contribution we provide study results for the number of MIMO layers required for MU-MIMO operation. Based on the SLS performance evaluation the following observations were made:
· Under ideal CSI feedback with non-quantized channel feedback and genie-aided CQI:

· For non-full buffer traffic model, 8 MIMO layers harvests most of the performance gains in MU-MIMO transmission. There is no obvious improvement from using for more than 8 MIMO layers
· For full buffer traffic model 8 and 12 MIMO layers harvests most of the performance gains in MU-MIMO transmission. There is no obvious improvement from using for more than 12 MIMO layers
· The number of MIMO layers is expected to be reduced when non ideal CSI feedback is considered

It is proposed to take into account the above observations for DM-RS and control signaling design. 
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Appendix
	Parameter for SLS
	Value

	Scenario
	Urban micro

	Layout
	Single layer: Macro layer: Hex. Grid

	Channel model
	3D UMi, ISD = 200 m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	10 MHz per CC

	Tx power
	BS: 41 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. 

	UE distribution
	80% Indoor / 20% Outdoor Uniform

	BS antenna configuration
	8x8x2 URA X-pol, slants -45/+45 degree, 
2x8x2 TXRU layout
0.5-wavelength horizontal spacing

0.8-wavelength vertical spacing

	UE antenna configuration
	4 Rx X-pol, slant 0/90 degrees, 0.5-wavelength horizontal spacing

	Traffic model
	FTP 1 0.1Mbytes, full buffer

	TRP association
	RSRP based
Handover margin = 3dB

	CSI feedback
	32 port codebook

	Transmission mode
	DM-RS based MU-MIMO

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4
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