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Background
For mmWave it is agreed that RF parameters (e.g. maximum output power and REFSENS) are measured over the air. For such measurements it is essential to choose a sampling grid such that correct and reproducible results ore secured. For comparing assumptions from different companies simulation of spherical coverage is performed. For spherical coverage the same discussing regarding sampling grid will hold.
Spherical sampling grid has been discussed previously in [1], [2], [3] and [4]
A way forward was agreed already in Spokane January meeting [5] 
· WF
· CDF of testpoints with uniform surface density over the sphere will be used to describe spherical coverage of mmWave UE EIS and EIRP
· Number of points and how to plot CDF is FFS
· How to define requirement with CDF as metric is FFS


… and in Athens [6]
· Chairman minutes for RAN4#82 captured the 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.
· Following aspect on defining spherical coverage requirements were agreed
· EIRP and EIS requirements can be defined based on a CDF
· CDF will be based on data taken in connected mode and by measuring EIRP and/or EIS after UE beamforming
· Link antenna position in relation to UE is changed for each testpoint
· Each test point represents an equal surface area on a sphere surrounding the UE The surface area corresponding to each test point is equal to all UE types with different spherical requirement
· Test point defintion, applicability of CDF-based requirements, method and quantity are FFS
· Other parameters are FFS
· Companies are encouraged to study the advantage of this CDF method.
· The other method(s) are not precluded.


Since decades the convention for antenna description is to use is Solid angle where dΩ = sin d d are swept. This gives the equal sampling area over the spherical surface. In some RAN4 meetings this method (despite used an almost all scientific papers) has been put in question? E.G. it has been claimed the solid angle approach will give incorrect answer when applied to EIRP. In this paper will make an experiment to show this view is incorrect.
Experiment
The same 2x2 patch antenna array was simulated while orientated in two different positions, according to Figure 1. For this experiment BF was applied with the centre beam which is the narrowest for this 2x2 matrix. Sampling was done in 1 degree steps of  and  and result scaled with sin. The scan pattern for the two orientations is shown in Figure 2 and the result in terms of array gain plotted as a CDF is shown in Figure 3. It can be seen that there is now difference between the two orientations.
Observation 1. 	There is no difference in CDF result depending on antenna array orientation when using solid angle dΩ = sin d d sweep.
Proposal 1. 	The CDF shall be simulated and measured in a widely recognized way, such as solid angle, or a method verified against a widely recognized way.
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[bookmark: _Ref481504624]Figure 1. 2x2 patch antenna arrays in two different orientations.
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[bookmark: _Ref492657927]Figure 2. Scan pattern for a 2x2 patch antenna arrays in two different orientations.
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[bookmark: _Ref492652001]Figure 3. Array gain of a 2x2 patch matrix oriented in xz versus xy plane
Discussion
The sampling grid resolution has been discussed previously in [9], [10], and [11] where it was found that step size should not exceed 5 degrees for good accuracy. When doing the above described experiment for sparser sampling grid (in the order of 10 degree or larger step size) differences could be seen between different orientations. This has nothing to do with the solid angle approach but is rather due to the fact that too big areas are sampled. For total scan pattern, which will apply to the EIRP requirement the effect is less significant compared to a single beam since the errors in the former case are partly average out. 
For dynamic step methods, like the one described in [1] the number of sampling points could probably be reduced and still maintaining good resolution, however, those methods has to be verified against the widely recognized approaches. For simulation purposes where the number of sampling points usually isn’t an issue the choice of method has less significance, as long as the method is proven correct.
Conclusion
In this document we have made an experiment of different antenna orientations using the widely recognized solid angle dΩ = sin d d sweep. We have made the following observation and proposal:
Observation 1. 	There is no difference in CDF result depending on antenna array orientation when using solid angle dΩ = sin d d sweep.
Proposal 1. 	The CDF shall be simulated and measured in a widely recognized way, such as solid angle, or a method verified against a widely recognized way.
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