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1
Introduction

Vertical antenna modelling and downtilt optimization could potentially change system performance significantly. The horizontal and vertical antenna antenna models have bene specified in TR 36.814 as shown in Appendix. There have been different  proposals on how to combine the horizontal and vertical patterns [2,3]. In this contribution, we compare the DL geometry and pathloss statistics for a few down tilt angles.
2
3D Antenna Model
The horizontal and vertical gain of an antenna could be expressed as AH and AV. Vertical (elevation) gain of an antenna is usually achieved through staggering of multiple antenna elements vertically. Horizontal (azimuth) gain of an antenna is usually achieved through staggering of multiple antenna elements horizontally with an additional ground plane to block radiation on the back side. 

In general, reconstructing a 3D antenna pattern from two azimuth and elevation patterns depends on the particular antenna construction. Without a ground plane, the 3D antenna gain in the far field could be well approximated with the product of the azimuth and elevation gains. With a ground plan, the elevation pattern of an antenna on the back of an antenna will be very different from the pattern measured in the main lobe.
 Using the same terminology as [3], two proposals on combining the horizontal and vertical are considered.
· Method 1 [IMT.EVAL in ITU-R]:
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· Method 2 [2]:








[image: image2.wmf](,)()()

HV

AAA

jqjq

=+


System simulations with parameters according to [1] has been carried out for D1 (ISD = 500m) scenario.  More speicifically, we compared three cases:

· no vertical antenna modelling, 
· vertical antenna modelling with 10 degree down tilt,

· vertical antenna modelling with 19 degree downtilt, which was suggested to be optimal with Method 1 [3]. 
For method 1, the geometry and path loss distributions are shown in Figure 1. It is observed that a 10 degree down tilt provides a geometry consistent with the simplified approach of no vertical antenna modelling with a slight increase in the center user path loss. It is also observed that 19 degree down tilt degrades the tail geometry by 3 dB compared to no vertical antenna modelling with more than 15 dB degradation to cell edge path loss.
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(a) Geometry











 (b) Path Loss 

Figure 1 Geometry and path loss using combining method 1

For method 2, the geometry and path loss distributions are shown in Figure 2. It is observed that a 10 degree down tilt provides a geometry 2 dB better than the simplified approach of no vertical antenna modelling at the cost of a slightly increased path loss for center users. It is also observed that 19 degree down tilt improves the higher end of the geometry by up to 5 dB, at the cost of more than 15 dB degradation to path loss for edge users..
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(a) Geometry












 (b)  Path Loss 

Figure 2 Geometry and path loss using combining method 2

2
Conclusions

Antenna down tilt points the main lobe of the vertical antenna inside the cell boundary, hence reducing other cell interference.  However, overly aggressive down tilt optimized based on DL geometry could have a significant impact on UL link budget. We suggest one consistent antenna down tilt value to be used for UL and DL performance evaluation for each experiment.
2
Appendix

Table 1. Antenna model in 36.814 [1].

	Parameter
	Assumption

	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 25 dB 

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= FFS degrees for 3GPP case 1 and 
[image: image13.wmf]etilt

q

= FFS degrees for 3GPP case 3 may be used. 
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