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1. Introduction
Generally speaking, we do not recommend 2D antenna pattern for the macro-cell scenario, because of backwards compatibility and complexity involved in the simulation and its interpretation.  However, we see cases where a 2D antenna pattern might be useful.  For instance for the case where the intended coverage area is of small size, such as pico cell,   femto cells or relay stations. In those cases，  down tilt of the antenna may play a significant but sensitive role in the performance. Therefore, it is worth addressing the 2D antenna for the LTE-A evaluation in view of those cases.
In [1] it was proposed to introduce the vertical antenna pattern so that more details of the performance can be captured. The proposal, based on Kathrein 742215 technique data, provided a model  given  as following[1]:
	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 65 degrees,  Am = 30 dB 

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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 = 6.2 degrees,  SLAv = 18 dB


2. Proposed Formula
Generally speaking, the antenna used in the cellular network has a directivity that is a function on a 2D sphere, so that the antenna gain
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  is a function of 3D。 A great simplification is to assume the independence between the equatorial plane and meridian plane, which deviate from the actual directivity but helps understanding of the spatial distribution of the radiation


[image: image6.wmf])

(

)

(

)

,

(

q

f

q

f

g

g

g

g

m

=

.   where the directivity of each direction is normalized to one so that  the constant 
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the maximal of the gain function. This is the antenna gain that we usually quote.  Expressed in dB we have
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.  Thus, taking only the last two terms would lead to the normalized antenna pattern 
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.  The maximum of this function should be 0 dB, while the minimum could theoretical be infinite, but in reality by taking the average it is a large negative value.  Due to the directivity, a good antenna should have large front-to-back ratio.  Since the maximum is achieved in front and is normalized to 0 dB, the front-to-back ratio is the back lobe size in attenuation.   In the current methodology the assumption   is made that  
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, so that we have been operating in a cylindrical coordination system, and in the meridian plane the radiation is considered a ray as in the optics.  Contribution [1] has indicated that the meridian plane pattern can be modeled the same way as the equatorial plane. Knowing that we are dealing with a modeling issue,   we should try to use the simplest model without losing the necessary characteristics.  
3. Recommendation
As said at the beginning, we do not recommend 2D antenna pattern for the macro-cell scenario.  But we see its significance in cell area of small size,  particularly,  where when the antenna down tilt would make a difference on the performance. Therefore, we propose to limit the deployment of 2D antenna pattern to those cases that can be quantified by the coverage size,   for instance cells of diameter of 200 meter and less.   
As to the  2D antenna pattern to be used, we recommend   the following simpler formula:
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[image: image15.emf]2D Antenna Pattern (ph3dB=70,

th3dB=30,dntilt=10,legend:theta)
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 = 6.2 degrees, degrees, A = 20 dB, for °≤ ≤ ° and °≤φ ≤ °， leaving the down tilt 
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 as a parameter, for the LTE-A performance evaluation  methodology.  
Figure 1: Antenna pattern for down tilt=10 degree
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