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Background
Power class and spherical coverage has been discussed for many meetings now. In order to get better estimate of the parameters involved we have investigated the influence of pre-coder imperfections. Pre-coder in this document refers to the phase shifters for beam forming.
Simulation assumptions
In this study a linear array of 4 patch element has been used (Figure 1). In order to form the beam each antenna element is connected to a phase shifter. An independent Gaussian distributed phase error has been added to each phase shifter. A standard deviation of 10, 20 and 30 degrees have been simulated. In this study only the centre beam is presented. 
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[bookmark: _Ref494720508]Figure 1. Simulation model of a linear patch array.
Result
The results is are presented as a CDF and a PDF over the total array gain (BF gain + element gain) for the three studied standard deviations. Results corresponding to 30 degrees, 20 degrees and 10 degrees standard deviation are shown in Fig 2, Fig. 3, and Fig 4, respectively. In all CDF figures the thick red curve in respectively diagram represents zero phase error. 
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[bookmark: _Ref494723370]Figure 2. Array gain including Gaussian distributed phase error with standard deviation 30 degrees.
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[bookmark: _Ref494723422]Figure 3. Array gain including Gaussian distributed phase error with standard deviation 20 degrees.
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[bookmark: _Ref494723444]Figure 4. Array gain including Gaussian distributed phase error with standard deviation 10 degrees

Observations
Looking at the PDF curve of the worst case standard deviation of 30 degrees we observe that in most cases the peak gain will be reduced less than 1 dB due to imperfect phase shifters. We believe it is reasonable assuming standard deviation of 30 degrees phase error represents a worst case. 

Observation 1. A pre-coder implementation margin (IM) of 1dB is a reasonable assumption. 

Another observation, for non-perfect pre-coder implementations, is that for other directions than the peak gain direction (i.e. other than electrical bore sight) the gain will increase. This is a consequence of the antenna being more omnidirectional i.e. less beam forming.
The gain mismatch between the elements in the pre-coder has not been investigated, however, if this is constant over time it will yield a constant gain drop which is adjusted in the calibration of the power amplifiers.
Conclusion
The pre-coder imperfection in terms of phase error has been studied and we have made the following observation:
Observation 1. A pre-coder implementation margin (IM) of 1dB is a reasonable assumption. 
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