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1. Introduction

In [1] [2], we described a 3D MIMO channel model and a UE dropping model in detail. This contribution provides some initial evaluation results for the 3D MIMO system using these models. These simulation results may help to verify the impact of the 3D channel and 3D UE dropping models.
2. System Simulation Assumptions
Table 1: List of Simulation Parameters

	Scenario
	Single Cell

	Channel State Information
	ideal CE with delay = 6 TTIs

	Channel scenario
	3D: ITU UMi [6] + WINNER2 3D [4] + Kathrein AA Model[2]

2D: ITU UMi + 3GPP AA Model

	Antenna
	Non-polarized , ULA
Antenna pattern [1]: 3D (Kathrein), -30dB (3D); 2D (3GPP TR36.814) -20dB
Macro antenna gain: 7dBi (3D, V element), 17dBi (2D, V element array)
Fixed Tilting Angle: 12 Degree

Element Distance: d_H=d_V=1/2 lambda

	2D TX antennas
	Linear Array 2, 4, 8 TX

	3D TX antennas
	Linear Array 2, 8TX, 

Planar Array: Vertical x Horizontal antenna elements (VxH): 1x2, 2x4, 8x2, 2x8

	UE RX antennas
	2 

	Channel Bandwidth
	20MHz

	No. of Max scheduled users per cell per  subband
	1 (SU-MIMO)

	Network topology
	19 BSs, 3 cells per BS, wrap around

	No. of Users per sector
	10

	UE distribution and motion model
	3D, Velocity direction=0, 90degree, Prob of vertical UEs=0.5

	Transmit Mode
	Downlink closed loop MIMO mode, TM7


Antenna Array Configurations:

Linear 2TX: 16 antenna elements, 2 antenna ports 
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Linear 8TX: 64 antenna elements, 8 antenna ports 
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Planar V1xH2 TX: 2 antenna elements, 2 antenna ports
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Planar V2xH4 TX: 8 antenna elements, 8 antenna ports
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Planar V4xH2 TX: 8 antenna elements, 8 antenna ports
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3. System Performance
3.1 System Performance of 3D Channel Modelling
In the following simulations, we assume conventional 2 dimensional UE dropping so that the elevation height for all UEs is 0 metres. 
3D versus 2D Channel Model 
First of all, we compare the system performance with the conventional 2D MIMO channel model defined in 3GPP [3] and a new 3D MIMO channel model as described in [1]. The proposed 3D MIMO channel model [1] takes into account 3D signal propagation and introduces elevation angular spread.  For simplicity, both the 2D and 3D system use same antenna pattern as defined in [3]. However the 2D and 3D channel coefficients follow the generation mechanism described in [3] and [1] respectively. 
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Figure 1: System performance of 2D and 3D 2TXand 8TX with the same antenna configuration in a single cell with SU-MIMO

Table 2: Average & Cell edge Spectrum Efficiency:

	
	Cell Average (bps/Hz)
	Cell Edge (bps/Hz)

	Linear 2TX in [3] (baseline)
	1.795 
	0.060 

	Linear 2TX in [1]
	1.822 (2%)
	0.057 (-5%)

	Linear 8TX in [3] (baseline)
	2.569 
	0.101 

	Linear 8TX in [1]
	2.795 (9%)
	0.064 (-37%)


It can be seen from these simulations that, for 2TX, the 3D and 2D channel models result in nearly the same system performance. On the other hand, when the number of transmit antenna increases to 8, the implementation of 3D channel model appears to degrade the throughput for UEs on the cell edge about 37% but improves the throughput of UEs near the cell centre. Consequently the average throughput of the whole cell is increased by 9% for the linear 8 Tx antenna array. 
The possible explanation of this observation is that introducing two new large scale parameters elevation angle of departure (EoD) and elevation angle of arrival (EoA), in the 3D channel model can increase the degrees of freedom of a MIMO system in the spatial domain. When this extra degree of freedom can be properly utilized, e.g. for cell centre UEs, it brings performance gain. On the other hand, cell edge users (without vertical UE separation) cannot benefit from such improved degree of freedom due to the small elevation AS.  The 3D MIMO system sacrifices horizontal beamforming gain, and this can cause performance loss for cell edge UEs. The difference between the 2D and 3D channel models becomes more significant when the MIMO order increases (more TX antennas). 
3D versus 2D with the same number of antenna ports, e.g. 8 antenna ports

In this case, the system performance is compared assuming the same number of antenna ports but with different antenna configurations. All UEs are dropped in the horizontal plane only. 
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Figure 2: System performance of linear 8TX, planar 2x4TX 
and planar 4x2TX in Single Cell with SU-MIMO

Table 3: Average & Cell edge Spectrum Efficiency:
	
	Cell Average (bps/Hz)
	Cell Edge (bps/Hz)

	Linear 8TX (baseline)
	2.814
	0.119

	Planar V2xH4 TX
	2.59 (-9%)
	0.1 (-16%)

	Planar V4xH2 TX
	2.436 (-13%)
	0.091 (-24%)


With the same number of ports, a 3D MIMO system with an active antenna array performs worse than a conventional 2D MIMO system mainly due to the reduction in the number of antenna elements (thus antenna gain). Vertically distributed active antenna elements provide slightly less MIMO gain than horizontally distributed active antenna elements if the number of ports is the same. Vertically distributed antenna elements may sacrifice a certain amount of performance gain from horizontal beamforming because the vertical plane has relatively smaller AS and vertical beam separation (due to horizontal UE dropping) than the horizontal plane has.
Cell edge users are more vulnerable to such loss since the horizontal beamforming gain is mostly beneficial for cell edge users with low SINR.
3.2 System Performance of 3D UE Dropping
3D MIMO with 3D UE dropping versus horizontal-only UE dropping 
In these simulations, the UEs are assumed to be dropped either in 3D [2] or in 2D. For 3D UE dropping, 50% of the UEs are dropped in the vertical plane and can move in either the horizontal (mean 0) or the vertical (mean 90) plane at a speed of 3kmph. The other 50% of the UEs are dropped in the horizontal plane only following the conventional 2D UE dropping mechanism. The maximum building height (i.e. the maximum dropping range) in the vertical plane can be either 20 metres or 100 metres to emulate buildings of different heights. 
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Figure 3: System performance of 3D V1xH2TX in Single Cell with SU-MIMO
Table 4: Average & Cell edge Spectrum Efficiency:
	
	Cell Average (bps/Hz)
	Cell Edge (bps/Hz)

	3D no UE vertical distribution (baseline)
	2 
	0.062

	3D with UE height 20 mean 0
	2.052 (3%)
	0.061 (0%)

	3D with UE height 100 mean 0
	2 (0%)
	0.051 (-18%)

	3D with UE height 100 mean 90
	1.99 (-1%)
	0.049 (-22%)
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Figure 4: System performance of 3D V2xH4TX in Single Cell with SU-MIMO
Table 5: Average & Cell edge Spectrum Efficiency:
	
	Cell Average (bps/Hz)
	Cell Edge (bps/Hz)

	3D no UE vertical distribution(baseline)
	2.61
	0.099

	3D with UE height 20 mean 0
	2.641 (1%)
	0.101 (1%)

	3D with UE height 100 mean 0
	2.519 (-3%)
	0.087 (-12%)

	3D with UE height 100 mean 90
	2.505 (-4%)
	0.088 (-11%)


From the above two sets of simulation results, it can be observed that with the same system configurations, 3D UE horizontal or vertical movement does not make any obvious difference.  However, considerable performance loss can be seen for cell edge UEs if 3D UE distribution is assumed. 
The possible explanation for this observation is that for 3D MIMO systems and 3D UE dropping the system performance is more sensitive to inter-cell interference (ICI). Covering UEs with higher altitude causes ICI to other cells and the ICI may decrease as the beam gets sharper by using more vertical antenna ports. Consequently, proper inter-site coordination of vertical beamforming or using a sufficient number of vertical antennas would be critical and beneficial for a 3D MIMO system.  
4. Conclusions
We evaluated the 3D MIMO system performance with the new 3D MIMO channel model and UE dropping model. Based on the simulations, we observed that
1) The system level behaviour of the 3D channel model in [1] and the 3D UE dropping model in [2] are consistent with expectations.
2) The performance impact from the implementation of the 3D MIMO channel and 3D UE dropping model based on an active antenna array system is significant. 
3) The necessity of modelling vertical UE motion would need to be properly justified. 
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