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1. Introduction
Deriving the value for EIS was discussed in [1]. It has been agreed that testing for EIS will be done over the air. For NR devices beam forming is needed. So this raises a question on how EIS should be defined for different beamforming angles. Any realistic antenna array will not have equivalent gain in all directions but it can vary quite much. In this paper we introduce an idea of how to define EIS for beamformed devices. Same approach can be extended to EIRP.
2. Discussion

Any realistic antenna array will have different radiation gain at different angles. An example is shown in Figure 1 where radiation pattern of same array is beamformed in two different directions. It can be seen that gain is 3 dB less when phase shifters are set so that beam is at 45° angle to boresight compared to gain at boresight. This causes a problem for EIS definition since the value will depend on the direction in which the device is radiating.

One possible approach is to define one minimum value but that will lead to quite a small EIS value since the antenna array gain may be very small at the worst beam angle and system link budget would need to be grossly over designed. Good phone design will ensure that situation where beam gain minima is pointed towards base station very rare. 

Another approach is to define a typical and a minimum value but then the definition of typical value is needed which may not be very straight forward since different UEs may have different antenna designs and difference of maximum and minimum value may vary a lot and at how wide angles those values are reached.  
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Figure 1 Radiation pattern of one array pointed to (a) boresight =0° and (b) =45°. In 45° case the peak gain is 3 dB less than in 0°
To ensure that the device has a proper radiation performance and sufficient amount of angles are covered we introduce the approach that the cumulative distribution function (CDF) of EIS at different angles is set as a method to define EIS requirement. To capture the CDF, the antenna array must be set to create the beam towards desired direction and then EIS is measured from that direction. This is repeated to sufficient amount of space angles. Note that the antenna radiation pattern is different for for all peak beam settings.  
We plot the CDF of one antenna array gain in Figure 2.
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Figure 2 Antenna array gain CDF
The requirement discussion and definition can then revolve around what is the value and what is the percentile in CDF for it. We can even define two values for EIS percentiles. Same approach can be applied to EIRP.
3. Conclusion

Problem with different antenna array gain at different beam angles was discussed. A method to define EIS and EIRP with CDF was introduced.
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