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1. Introduction
In RAN4#81 a WF for UE aspects was agreed and in that WF it was agreed to:

· Study feasibility of defining EIS and EIRP requirement  to guarantee system performance
· CDF in R4-1609649 or other solutions are not excluded
·  Antenna array types used in co-existence study can be used as reference
· Study testing time and number of points for EIS and EIRP  in order to guarantee the performance with minimum test burden
In this paper we describe how to aquire CDF from points defined for sperical co-ordinate and also simulatenously how to pick the points properly to ensure system performance. We also analyse what is feasible number of points assuming antenna systems used in co-existence study.
2. Discussion

In [2] we discussed a possibility to use plot measured EIS values in to CDF and define EIS requirement as a percentile in that CDF. This approach was motivated by physical contraints in antenna array systems. A patch antenna array system gain peaks to bore sight and minima is toward antenna plane direction. Therefore we found it unfeasible to define a one minimum requirement for EIS since the value would be very low compared to typical performance and it would be based on a UE orientation where that UE may not be used very often. This would then lead to overdesigned networks and we believe UE industrial design can ensure that UE is mostly in favorable position towards serving basestation.
In Figure 1, we show the spherical co-ordinate system used in this paper. 
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Figure 1 Sperical co-ordinate system
2.1. Plotting CDF from spherical data

Easy way too slect points is to define two vectors with Azimuth (φ) and Elevation (θ) and plot antenna gain with these. Result is shown in Figure 2.
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Figure 2 Gain of an antenna as a surface and contour in cartesian co-ordinates

CDF of the gain can be easily plotted fromt his data. However, this represenation has a problem since it is a sperical surface streched in to two dimensional representation. This will lead to un even point density. Same problem is when map of the globe is presented in the two dimensional plane, the areas in close to poles are not equal to areas close to equators. If CDF is plotted from this data, it will not represent correct distribution. There are two ways to solve this problem, weight the number of points by sin(θ) or then assing points so point density is equal anywhere in the spheres surface. We prefer latter since the former intruduces redundant data and therefore redundant test time. 

In Figure 3, we show the testpoints in a sperical co-ordinates. Using equal amount of points in the equator as a reference leads to 17 point reduction when equal density is used.
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Figure 3 Testpoints in a speherical co-ordinate with equal density around sphere (a) and with equal number of points for azimuth and elevation (b)

Based on thest dats when points are set with equal density, a CDF of tested EIS or EIRP values can be plotted with regular plotting methods.

Proposal 1: Testpoints for EIRP and EIS should be spaced with equal density around sphere surface
2.2. CDF of an array

The beam forming gain is dependent on the direction of the beam relative to the bore sight. The beams from 4x4 array are shown in Figure 4. In this case we only consider half a sphere. 
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Figure 4 Beams of 4x4 array with patch antennas
The performance of UE with antenna array over different target angles can be plotted with CDF. The EIRP of UE with array based on parametrs used in co-existence study [3,4] is shown in Figue 5. The peak EIRP of 34 dBm is reached only at bore sight and 23 dBm EIRP is met at array plane angles when antenna gain is 0 dB. 
[image: image5.emf]22 24 26 28 30 32 34 36

EIRP [dBm]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

 

[

 

]

CDF of EIRP for 2x2 Array 


Figure 5 CDF of EIRP for UE with 2x2 array assuming co-existence study parameters for half sphere

From Figure 5, it can be conclude that for example, this UE will deliver 28 dBm EIRP to 50 % of the test points. However, this analysis is theoretical and based only on antenna parameters used in co-existence study. Practical device suffers from several factors that deviate the EIRP and EIS performance from ideal.  
Proposal 2: Device EIRP and EIS requirement for different directions will be defined with CDF. Details what percentile achieves what value is FFS

2.3. Number of testpoints

Care should be taken when selecting testpoints. In the case of CDF in Figure 5, test points in the sphere equator are included and the result can not be applied for full sphere as such since the points in the equator would be doubled. The number of testpoints from where CDF for semi sphere is drawn is 27 which then corrsponds to 47 testpoints for full sphere. We think this is more than sufficient number of testpoints since beams are moderately wide and increasing number of testpoints will not provide much more information. RAN4 should study if number of testpoints can be reduced further.

Proposal 3: Number of testpoints for UE EIRP and EIS should not exceed 47 for full sphere.
3. Conclusion
We discussed how to select testpoints for EIS and EIRP to ensure system performance. We also discussed proper number of testpoints and a method to define proper performance for UE. We concluded with three proposals:
Proposal 1: Testpoints for EIRP and EIS should be spaced with equal density around sphere surface
Proposal 2: Device EIRP and EIS requirement for different directions will be defined with CDF. Details what percentile achieves what value is FFS

Proposal 3: Number of testpoints for UE EIRP and EIS should not exceed 47 for full sphere.
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