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1 Introduction

In [1] [2], a combiner based test methodology approach has been proposed. During discussions in RAN4#62, it was pointed out that in [3] [4], the FCC has provided guidance related to the compliance testing of active  antenna array systems.. 
In this contribution, we provide our preliminary analysis of the guidance and views specifically related to the relevance of these FCC requirements towards the current activities in RAN4 on AAS. 
2 Discussions
In the referenced FCC docket [4], the following statement on the techniques to characterize the total emissions level is quoted: “Two techniques have commonly been used to combine emissions from multiple outputs in order to characterize the total emission level: measure and sum; and the use of a combiner. Use of a combiner is no longer permitted for any conducted testing of emissions – either in-band or out-of-band and spurious – because correlation between outputs can cause the power of the combined output to be an inaccurate representation of the total power”. 
Hence, this guidance applies only for the transmitter emissions and it mandates all element measurement and fully correlated summation testing. In [2], it was previously suggested that an MxN:1 combiner could be used at a single viewing angle (i.e., on boresight) for all transmitter and receiver tests. This, therefore, opens the possibility of untested transmitter emissions that may be worse at other viewing angles. Therefore in [2], we have also proposed the following alternatives: 

-
It is proposed that the active antenna array is tested at boresight direction where the combining will be at zero-degree relative phase shift between all element paths in the array. This would be the ideal setup but in scenarios or implementations where it is not convenient or possible to set the AAS into boresight direction, alternatives would be to: 
a. allow the use of phase shifters as part of the combiner test tool, as practiced in other standards body on similar certifications scenarios, or 
b. accept the fact that signals are not combined perfectly in phase in the boresight direction. The antenna is configured in such a way that all signals have, as much as possible, similar phases. There is a combining loss that is then documented in the test report. 

It is our view that a variable phase compensated combiner approach, where input variable phase taps are included in order  to verify compliance at all possible viewing angles, would resolve this concern satisfactorily.  
Furthermore, we have identified significant drawbacks pertaining to the FCC “measure and sum as if always correlated” decisions above:

· Worst Case IMD Performance: The measure-and-sum method would be used to derive the value for the total array by measuring each element separately, and then mathematically summing all element values  together in phase (maximum coherent voltage addition). This assumption that all IMD distortion products will be in phase at every viewing angle  is an overly pessimistic assessment of array IMD performance.  

· Using this measurement method, the transmitter design will be significantly disadvantaged requiring much higher linearity than necessary in order to produce distortion products that, when summed coherently via this measurement method, meet the regulatory emission requirements.  In actual operation, partial correlation of higher order distortion products typically result in emission levels well below fully correlated addition.
· This will have serious implications regarding the ability of base station equipment manufacturers to offer cost effective active antenna array products to the industry. The higher order IMD products, as described above, can be much higher (relaxed in level) and still meet the far field performance expectations, since they will not add coherently.  This allows smaller amplifiers, less linearity in amplification, and cruder methods of amplifier distortion correction to meet the linearity requirements.  All these simplifications have major cost implications for a large M x N array, where they would be repeated many times.

Therefore, in our view, the FCC has not adequately considered the deployments and testing of active antenna array systems when [4] was published. This is also indirectly indicated by the following statement in [4]: 
“The FCC Laboratory may consider adjustments to this guidance as new modes of operation are brought to its attention”. 
3 Summary 
In this contribution, we further discussed and clarified the FCC guidance contained in 662911 D01. More importantly, we have pointed out the need for an update on the guidance by the FCC, which is also encouraged by the FCC as explained above. Additional technical drawbacks to the FCC guidance have also been raised in this contribution. 
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