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1 Introduction
In RAN1 Meeting #55, the introduction of vertical antenna pattern for LTE-A was agreed. For calibration usage, the parameters for vertical antenna pattern, e.g. the downtilt angle and the 3dB beamwidth, should be defined for Case1 and Case3. 
The optimum parameters depend on the front-to-back ratio and the 3D model combining method of horizontal and vertical antenna patterns [1][2]. The optimum downtilt angles for case1 and case3 were discussed in [3][4] only for one case, and [5] shows the initial analysis on the 3dB beamwidth. This contribution tries to figure out the optimum downtilt angles and 3dB beamwidths for different combining methods and different front-to-back ratios respectively by means of an exhaustive searching manner. It is good to know that the optimum downtilt angle is the same independent of different combining antenna pattern formulas.
2 Antenna Pattern Descriptions
The antenna model for LTE-Advanced evaluation in [1] contains the horizontal antenna pattern and the vertical antenna pattern as in Table 1. 

Table 1. Antenna model for LTE-Advanced evaluation
	Parameter
	Assumption

	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
	
[image: image1.wmf](

)

2

3

min[12(),]

Hm

dB

AA

j

j

j

=-

,   


[image: image2.wmf]180180

j

-££

oo

, 
[image: image3.wmf]3

70

dB

j

=

o

, 
[image: image4.wmf]m

A

 is the front-to-back ratio of horizontal antenna pattern

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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 is the tilt angle, 
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 is the 3dB beam width, SLAv = 20 dB 


We evaluate two methods of combining the horizontal and vertical antenna patterns as follows:
· Method 1 [2, IMT.EVAL in ITU-R]:
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· Method 2 [3]:
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3 System Level Simulation Evaluation
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 and maximum attenuation Am for simulation case-1 and case-3 is found out by means of an exhaustive searching manner.
3.1 Best downtilt angle in method 2 
1) Geometry
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(a) Am=25dB in Case-1                 (b)Am=25 dB in Case-3
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(c)Am=20 dB in Case-1                   (d) Am=20 dB in Case-3

Figure 1. The Geometry at different front-back-ratio
2) Geometry and Tilting Angle
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(a) Am=25dB in Case-1                 (b)Am=20 dB in Case-1
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(c)Am=25 dB in Case-3                   (d) Am=20 dB in Case-3

Figure 2. The best downtilt angle for Downlink at different front-back-ratio 
Briefly, the optimum downtilt angle is clearly shown around 16 degrees and 6 degree in method 2 at case1 and case3 for downlink. 

Table2 : The Downlink best tilting angle for case-1 and case-3.
	
	Am
	Case-1
	Case-3

	Best Tilting Angle
	20dB
	16(
	6(

	
	25dB
	16(
	6(


3.2 Best downtilt angle in method 1 [IMT.EVAL in ITU-R]
1) Geometry
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(a)Am=20 dB in Case-1                   (b) Am=20 dB in Case-3

[image: image21.png]CDF

CASE1

DL ITU Am=25

SINR(E)




[image: image22.png]CDF

CASE3 DL ITU Am=25

SINR(E)




 (c)Am=25 dB in Case-1                   (d) Am=25 dB in Case-3

Figure 3. The Geometry of different downtilt angle for Downlink
From the above figure, the optimum downtilt angle is clearly shown around 16 degrees and 6~ 9 degrees according to method 1 in case1 and case3 for downlink.
Table3 : The Downlink best tilting angle for case-1 and case-3
	
	Am
	Case-1
	Case-3

	Best Tilting Angle
	20dB
	16(
	6(

	
	25 dB
	19(
	6(~9(


4 Behaviour of System Geometry for different 3dB beamwidths of vertical antenna
In this contribution, we elaborately calculate the geometries with different 3dB beamwidths of vertical antenna in consideration of different combining methods for horizontal and vertical antenna pattern. Downtilt angle is 16°and 6°for Case1 and Case3 respectively in simulation as below .
4.1 3dB beamwidth in method 1[IMT.EVAL in ITU-R]
Since the behaviours are the same for the front-to-back ratio 20dB and 25dB, method 1 give the geometry of  Am=20dB only.
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 (a)Am=20 dB in Case-1                   (b) Am=20 dB in Case-3
Figure 4. The Geometry of different 3dB beamwidths for Downlink
Briefly,
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 the geometry gets the best performance in Case-1. For Case-3, the geometry figures with different 3dB beamwidths are almost similar.
4.2 3dB beamwidth in method 2
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(a)Am=20 dB in Case-1                   (b) Am=25 dB in Case-1
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 (c)Am=20 dB in Case-3                   (d) Am=25 dB in Case-3
Figure 5. The Geometry of different 3dB beamwidths for Downlink
According to the figure above, the geometry depends strongly upon the 3dB beamwidth at given best downtitl angle for Case-1. Obviously,
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, the geometry get the best performance. However, in case3 the geometry is not that sensitive to the vertical antenna 3dB beamwidth.
5 Conclusions
This contribution analyzes and evaluates the best downtilt angle and 3dB beamwidth of vertical antenna on different antenna patterns and parameters, such as front-back-ratio, simulation scenario and so on, summarized as below
Table4 : The Downlink best tilting angle and 3dB beamwidth for case-1 and case-3
	
	Antenna pattern combination method
	Case-1
	Case-3

	Best Tilting Angle
	1,2
	16(
	6(

	Optimum 3dB beamwidth
	1,2
	15(


· The vertical antenna pattern is introduced in LTE-A evaluation. For the given simulation assumptions, the optimized downtilt angles for case1 and case3 are 16 degree and 6 degree respectively. It is also recommended to keep the flexibility in the vertical antenna pattern parameter settings for the LTE-A technical components like CoMP and relay to optimize the performance further.
· Based on the system simulation with 3D model, we recommend the 3dB beamwidth of 15 degree in TS25.814. 
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Appendix: System Level Simulation Assumptions

The system level simulation assumptions are given in Table A.1.

Table A.1: System Level Simulation Assumptions.

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m; 1732m

	Load
	Average 10 UE per sector

	
	

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm

	UE power class
	23dBm (200mW)

	BS antenna height
	32m

	UE antenna height
	1.5m

	Antenna Gain at eNode-B
	14 dBi

	Antenna Gain at UE
	0 dBi

	Noise figure at BS
	5dB

	Noise figure at UE
	9dB

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

	Lognormal Shadowing with shadowing standard deviation
	8dB

	Scheduler
	Round Robin
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