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1. Introduction

In RAN1 #54bis meeting, a text proposal relevant to the evaluation methodology for LTE-A has been drafted and signed by many companies including Fujitsu [1]. Among the system parameters, an additional vertical antenna component has been introduced and modified on top of horizontal antenna pattern normally utilized in release-8 methodology in TR 25.814 [2]. With regard to the vertical antenna component, several issues are still remained, which need to be clarified and further studied for LTE-A evaluation methodology, that
· Illustrate the geometry tendency as compared to the horizontal-only antenna pattern, and explicate the behaviors with respect to the tilting angle;

· Compute the best tilting angle relying on the criterion of achieving the highest geometry;

· Identify the impact of the vertical antenna component on received signal strength on both down-link (DL) and up-link (UL).

In this contribution, we elaborately calculate the geometries in consideration of vertical antenna component compared to horizontal-only antenna pattern in different simulation cases. Using an exhaustive searching manner, the best tilting angle is figured out based on the criterion of maximizing the geometry. In addition, another intention of this work is to sophisticatedly reveal the received power at both UE and eNode-B whereby the impact due to the vertical antenna component on system level performance is possibly foreseen, which aims to improve the accuracy in the future system level evaluation.
2. System Level Evaluations
To simplify our discussion associated with the vertical antenna pattern, the output of the system level simulation relies on the geometry, whereby the optimum tilting angle for simulation case-1 and case-3 is found out by means of an exhaustive searching manner. According to the determinant best tilting angle, in addition, we demonstrate the statistic behaviors of the received power at both eNode-B and UE, presuming the impact due to vertical antenna component on the system performance on both links.
The detailed information pertaining to system level simulation assumptions and antenna pattern formula including both vertical and horizontal components are elaborated in the appendix 4.
2.1. Behavior of System Geometry
Figure 1 and Figure 2 illustrate the CDF of geometries for various specified values of tilting angle from 0( to 20(, respectively in case-1 and case-3.
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Figure 1: CDF of geometry in case-1.
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Figure 2: CDF of geometry in case-3.
In order to elaborately find out the optimum tilting angle for our system evaluation purpose, we plot the specific geometry points for various specified values of CDF 0.25, 0.5, and 0.75, as illustrated in Figure 3 and Figure 4, for simulation case-1 and case-3, respectively. According to the results with 1( resolution of tilting angle, it is easy to figure out the relevant optimum tilting angle for case-1 and case-3, as summarized in Table 1.
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Figure 3:  Geometry vs. tilting angle in case-1 for various specified values of CDF 0.25, 0.5, and 0.75.
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Figure 4:  Geometry vs. tilting angle in case-3 for various specified values of CDF 0.25, 0.5, and 0.75.
Table 1: The best tilting angle for case-1 and case-3.
	
	Case-1
	Case-3

	Best Tilting Angle
	14(
	4(


It can be observed that the geometry behaviors are quite different between case-1 and case-3, which can be simply summarized as follows:
· In case-1, the geometry depends strongly upon the vertical antenna tilting angle; the optimum tilting angle is clearly shown around 14(. In case-3, the geometry is not that sensitive to the vertical antenna tilting angle and its optimum value in case-3 is much smaller than that in case-1.
· Introducing a vertical antenna component with the optimum tilting angle could achieve about 3dB geometry gain on average in case-1 as opposed to horizontal-only antenna pattern, but almost no gain appears in case-3.
2.2. Behavior of Received Power
In what follows, we are going to demonstrate the receive power strength under the simulation conditions according to the best tilting angles determined in section 2.1.
The UE received power is calculated by the formula defined as

Tx Power + Tx and Rx Antenna Gain – Penetration Loss – Attenuation Loss + Shadowing.

Figure 5 and Figure 6 illustrate the CDF of UE received power for simulation case-1 and case-3 on DL, respectively. Furthermore, Figure 7 and Figure 8 illustrate the CDF of eNode-B received power for simulation case-1 and case-3 on UL, respectively. It should be noted that all CDF results are compared to the thermal noise level, -95dBm for DL and -99dBm for UL, which aims to intuitively justify whether the received power belongs to noise dominant or interference dominant signal.
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Figure 5: CDF of received power at UE in case-1 with tilting angle 14(.
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Figure 6: CDF of received power at UE in case-3 with tilting angle 4(.
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Figure 7: CDF of received power at eNode-B in case-1 with tilting angle 14(.
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Figure 8: CDF of received power at eNode-B in case-3 with tilting angle 4(.
It can be observed that the received power levels are quite different between case-1 and case-3, which can be simply summarized as follows:

· In case-1 the received power level due to the vertical antenna component degrades about 10dB (roughly shift 10dB from right to left) as opposed to horizontal-only antenna pattern, while in case-3 the degradation is marginal.

· The vertical antenna component reduces the received signal including both desired signal and interference.
· In case-1, we may presume that:

· The throughput gain on DL could be obtained because it still belongs to an interference dominant system although 10dB loss occurs in the received power level. Additionally, the vertical antenna component also significantly reduces the interference. This can be confirmed by the results of improved geometry.
· On UL, clearly, it becomes a noise dominant system due to the low transmission power and additional 10dB path-loss. In this case, it is not beneficial to squeeze both desired signal and interference by using vertical antenna component. As a consequence, introducing a vertical antenna component may severely make somewhat negative impact on system performance, which needs to be confirmed in future system level simulation.
· We may also presume that a vertical antenna component does not make a big negative impact on the system performance in case-3.
3. Conclusions
In this contribution, the system performance evaluation has been discussed when the vertical antenna component is introduced on top of horizontal antenna pattern. As a consequence, the impact on system performance in the simulation case-1 is fairly notable while the impact in the simulation case-3 is nearly negligible.
4. Appendix: Details of System Level Assumptions
4.1. Basic System Level Simulation Assumptions

The system level simulation assumptions are referred to [2] with simulation case-1 and case-3, listed in Table 2 in which the carrier frequency (CF), inter-site distance (ISD), operating bandwidth (BW), and penetration loss (PLoss) are specified.
Table 2: UTRA and EUTRA simulation case minimum set.

	Simulation
	CF
	ISD
	BW
	PLoss

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)

	1
	2.0
	500
	10
	20

	3
	2.0
	1732
	10
	20


The system level simulation focuses on both DL and UL with the detailed assumptions listed in Table 3.
Table 3: System Level Simulation Assumptions.

	Number of Cells
	19

	Number of Sectors per Cell
	3

	Transmission Power at eNode-B
	40 Watts (46 dBm)

	Transmission Power at UE
	200 mWatts (23 dBm)

	Lognormal Shadowing
	8dB

	Thermal Noise Density at eNode-B
	-174 dBm/Hz

	Thermal Noise Density at UE
	-174 dBm/Hz

	Noise Figure for eNode-B
	5 dB

	Noise Figure for UE
	9 dB

	Antenna Gain at eNode-B
	14 dBi

	Antenna Gain at UE
	0 dBi

	Path-Loss
	128.1+37.6log10(R), R in km for 2GHz

	Frequency Bandwidth
	10 MHz


4.2. Antenna Pattern Descriptions
By referring to [1], the antenna pattern in horizontal direction used for eNode-B sector is specified as
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The antenna pattern in vertical direction used for eNode-B sector is specified as
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