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1 Introduction

In RAN1 #79, simulation assumptions of three homogeneous network scenarios are agreed.  Phase 2 starts to consider higher number of TXRUs. Potential enhancements targeting 2D antenna array include the support of 3D-MIMO by opening up more vertical antenna elements for TXRUs or CSI-RS ports.  Another way is to increase the number of horizontal antenna elements for TXRUs or CSI-RS ports for better azimuth beamforming.  In this contribution, we provide the initial evaluation results with up to 8 MU layers by considering different antenna configurations in 3D-UMI and 3D-UMA ISD200m. Based on the evaluation results, views about the potential enhancements are provided.
2 Evaluation results
2.1 2D antenna array configurations 
In this section, we consider multiple 2D antenna array configurations with different number of TXRUs as shown in table 1.  (M,N,K) represents the number of vertical antenna elements, number of horizontal antenna elements and the number of vertical antenna elements to virtualized to a TXRU respectively.
                                                                   Table 1 Antenna configuration
	Simulation configuration
	Number of TXRUs  
	(M,N,K)
	Max number of MU layers 

	Config0
	16
	(8,4,4)
	2

	
	
	
	4

	
	
	
	8

	Config1
	32
	(8,4,2)
	2

	
	
	
	4

	
	
	
	8

	Config2
	64
	(8,8,2)
	2

	
	
	
	4

	
	
	
	8


In our simulation, TXRU virtualization is done by sub-array partition model with adjacent antenna elements grouping[2] with K=2 and K =4 as shown in figure 1.
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(a) K =2                                                 (b) K =4
Figure 1 TXRU virtualization by sub-array partition model
2.2 The simulation results of performance gain with more MU layers
In order to exclude the effect of codebook design, covariance matrix R feedback and full buffer traffic are assumed in our simulations.  This can serve the upper bound of performance gain obtained from MU enhancements.   Other simulation assumptions are shown in the appendix.
Table 2 shows the performance gain compared to 2 layer MU of config0 i.e. 16TXRUs with (M,N,K)=(8,4,4) under 3D-UMi homogeneous network scenarios.  
Table 2:Evaluation results of Config0
	Scenario
	Config0
	Average System

Spec Eff Gain
	50% UE 
Spec Eff Gain
	5% Cell edge

Spec Eff Gain

	3D-UMI

ISD 200m
	4layer MU
	22.05%
	11.61%
	-0.52%

	
	8layer MU
	21.95%
	13.40%
	-0.37%


Table 3 shows the performance gain compared to 2 layer MU of config1  i.e. 32TXRUs with (M,N,K)=(8,4,2) under 3D-UMi and 3D-UMa homogeneous network scenarios.
Table 3:Evaluation results of Config1
	Scenario
	Config1
	Average System

Spec Eff Gain
	50% UE
Spec Eff Gain
	5% Cell edge

Spec Eff Gain

	3D-UMI

ISD 200m
	4layer MU
	29.03%
	19.32%
	-3.84%

	
	8layer MU
	32.04%
	21.55%
	-3.89%

	3D-UMA

ISD 200m
	4layer MU
	22.82%
	12.91%
	-5.15%

	
	8layer MU
	28.99%
	21.48%
	-1.30%


According to Table 2 and Table 3, it can be observed that significant gain can be obtained on average spectral efficiency when using MU with more layers.  However, it fails to provide gain on cell edge spectral efficiency under the same antenna configuration by increasing the number of MU layer.  Small degradation is observed when MU transmission with more layers is allowed. 
In Table 4, performance comparison between different number of MU layers is made under configuration 2. 
Table 4:Evaluation results of Config2
	Scenario
	Config2
	Average System

Spec Eff  
	50% UE

Spec Eff Gain
	5% Cell edge

Spec Eff Gain

	3D-UMI

ISD 200m
	4layer MU
	49.50%
	42.68%
	-15.22%

	
	8layer MU
	84.56%
	70.82%
	9.33%


From Table 4 we can find that significant average system gain can be obtained by increasing the number of MU layers.  The gain on average spectral efficiency is higher for configuration 2.  It can be explained by better beamforming with more horizontal antennas so that it is likely to have better spatial separation. Although there is also gain on cell edge performance for 8layer case, there is quite some degradation on cell edge for 4layer case.   Although R feedback is used, CSI feedback still has delay which may not reflect the channel and interference condition correctly.  The degradation may be due to mis-pairing of cell edge UEs with CSI inaccuracy.
In the current specification, only up to 2 orthogonal DMRS ports can be assigned for MU transmission.   In our simulation,  good portion of 8layer MU scheduling (>10%) is observed in most of the cases.  Given that the observed performance gain,  it is suggested to further investigate on supporting number of MU layers up to 8 including the proposals of increasing the number of orthogonal DMRS ports.
3 Conclusion
In this contribution, preliminary performance study is done on different 2D antenna array configurations under homogeneous network scenarios 3D-UMa ISD 200m and 3D-UMi.  Numbers of TXRUs considered in our study are 16,32,64 TXRUs.  It is observed from our evaluation that significant potential gain can be obtained by increasing the number of MU layers up to 8.  It is suggested to further investigate on supporting number of MU layers up to 8 including the proposals of increasing the number of orthogonal DMRS ports.
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Appendix A
Table A.1 Simulation parameters for Macro cell Scenario

	Parameters
	Assumptions

	Central Frequency
	2GHz

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site

	Antenna
	Tx Power：41dBm

	
	Downtilt
UMi  ISD200:  θetilt = 100 deg
UMa ISD200:  θetilt = 14 deg

	
	Transmitter: Config0~Config2[see table 1]，X-pol (+/-45)

Receiver: 2Rx cross-polarized antenna at UE，X-pol 0/+90

	
	UE array orientation：ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	
	UE antenna pattern：Isotropic antenna gain pattern A’(θ’,ф’) = 1

	
	Antenna element spacing：(dV,dH)=( 0.8λ, 0.5λ,)

	
	Geographical distance based

	UE
	Speed：3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	Number of UEs per cell
	10 

	Channel Model
	3D UMa ISD 200
3D UMi ISD 200

	Operating bandwidth (BW)
	10 MHz

	Element Number of each port
	[see table 1]

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

Non-ideal interference covariance matrix estimation 
Non-Ideal channel estimation

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	HARQ
	Maximum 4 transmissions

	Traffic model
	Full buffer model 

	Feedback 
	PUSCH 3-2 for reciprocity operation,

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Feedback frequency granularity is 6PRB

	
	None-ideal channel covariance R

	Handover margin 
	3dB 
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