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1. Introduction
In RAN4#82 how to set the requirement for UE spherical coverage was discussed. There was no agreement on how to set the requriement but following agreement was captured in to the chairmen minutes
Agreement: 

 Proposal: For CDF method, RAN4 method for describing spherical coverage of RF parameters is CDF where each point represent equal surface area in sphere surrounding the UE. 

· Companies are encouraged to study the advantage of this CDF method.

· The other method(s) are not precluded.

In addition to the generic method, there was a discussion how to set the test points. In this paper we discuss test point definition for measuring UE spherical coverage.
2. Discussion

In [2] it was proposed that test point placement should be defined explicitly in specification and that UV coordinates should be used to define test points for testing UE spherical coverage. In [1] is was proposed that the number of test points is proportional to the surface area of the spatial coverage. We proposed in [5] that method is CDF where data is taken with test point representing equal surface area. It seems that between all these proposals, common understanding is to use test points that represent equal surface area. In the following we further discuss this aspect assuming that spherical coverage is specified as CDF. 
2.1. Practical beam width in UE

In [3] we shared a CDF drawn based on fixed test points of 2x2 patch antenna array. The antenna arrangement data was simulated and we already then noticed that there is a problem with pointing beam exactly to the target angle. How address this is testing should be discussed.

In practical antenna arrangement, pointing a beam accurately is problematic due to issues we present in [4] and at minimum requires detailed calibration. Issues like number of bits in phase shifter may lead to imperfect beam pointing direction even if calibration is perfect.

According to test principles, imperfections in test setup should not cause a good UE to fail. In Figure 1 we show an possible scenario when UE is trying to point the beam towards a pre-selected test point and will fail the test because of this.
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Figure 1 Possible Beams for 8x1 array drawn along theta axis
One could argue that UE functionality is not sufficient and it should fail but then it could be argued that changing UE orientation would fix the problem. We do not think it is reasonable to mandate UE implementation so that beam must be pointed in to certain directions just because of test setup. Other solution would be to increase the test set up measurement uncertainty but then this value may be very high and the test loses it significance.  

Observation1: Feasible number of fixed test points may lead to known good UE to fail the test

It could be also argued that increasing the number test points will solve this problem. For each test point, physical changes (antenna placement) in the test setup are needed, measuring antenna position or UE orientation need to be changed. Increasing number of test points will create un-necessary burden to testing by lengthening testing time. Especially if UE beam for some directions is wide compared to the test point density as shown in Figure 2. The UE performance can be determined from one of the four test points.
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Figure 2 UE beam shape for 8x1 array along phi axis

The plots in Figure 1 and Figure 2 are from same antenna array in same beam pointing angle. The beam width is a function of implementation and beam pointing direction. 
2.2. Flexible test point setting

To allow the flexibility and optimization in the testing, we think the actual test point selection should be left to the test setup. The test device can perform initial testing and determine UE beam width and select the test points accordingly so that UE peak beam performance will be tested. Also, if UE beam width and power / sensitivity level is well above test limit, test setup can reduce test points further and perhaps even leave some areas un tested if UE has passed the test already with existing data. This is up to test setup algorithm to decide. 
Observation 2: Allowing flexible testpoint setting enables test setup optimization and test setup accuracy can be guaranteed

CDF can still be drawn as long as each real test point is weighted by the surface area it represents. This is quite simple mathematics and it is not necessary to discuss it further. Test equipment can use for example UV coordinates in [2] or in (http://en.wikipedia.org/wiki/UV_mapping) or any other method to select test points as long as surface area the test result represents is stored with the coordinates and result. We believe this has to be done anyway for correct TRP measurement. 
We understand it would a straight forward way to just define the test points but we have to consider test time aspects for mmW NR and leave test vendors some room for innovation.

Proposal1: No test points will be specified for testing UE spherical coverage but test point location will be left for test equipment implementation to ensure sufficiently small test uncertainly
The test setup reliability and accuracy then should be verified by cross checking the UE test data to the pass fail test procedure outcome. 
3. Conclusion
We discussed feasibility of defining fixed test points for UE Spherical coverage. We concluded that defining fixed test points may lead to large measurement uncertainties which then need to be compensated by large measurement uncertainty. We made two observations:
Observation1: Feasible number of fixed test points may lead to known good UE to fail the test

Observation 2: Allowing flexible test point setting enables test setup optimization and test setup reliability can be guaranteed

And one proposal

Proposal1: No test points will be specified for testing UE spherical coverage but test point location will be left for test equipment implementation to ensure sufficiently small test uncertainly
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