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1 Introduction

The subject of the far field distance for the UE RF baseline has been discussed in various papers including [1] to [4]. This paper considers the impact of not knowing location of one or more arrays on the UE on test procedures and accuracy.
2 Discussion
It is well-known that to accurately measure an antenna array the probe has to be in the far field defined by 2D2/λ where D is the antenna aperture. For the likely sizes of antenna arrays on typical mmWave UE, D is likely to be quite small, perhaps 10 mm 20 mm giving a far field distance of 0.2 m or 0.7 m (though in actuality, cooling to ground-planes will extend D probably by another couple centimeters at least). To measure such an array requires that the phase centre of the array be placed at the centre of the test volume.

This leads to two issues:

1. How to locate the phase centre of the array?

2. How to handle the case of multiple arrays per device?

Location of the phase centre of the array is non-trivial. It could be done by design/declaration although as was shown in [4], it is not necessarily predictable how the chassis of the device might influence unwanted currents. A fuller discussion of how to locate the center of radiation is provided in [5]. Whether such an approach is practical for conformance test purposes is a separate discussion from the mechanisms that could be employed to determine the radiation phase centre.

In the most likely case of multiple arrays per UE a second issue arises which is determining which array is active. For instance, in an EIRP measurement the device is required to meet EIRP requirements across a sphere meaning that different UE arrays wil be used. At the point when the UE decides to switch arrays, a new radiation phase centre will be utilized requiring the UE to be repositioned in the test volume. The question is less about determining where each array’s phase centre lies but in determining when such a transition takes place. Only after that determination can the UE be repositioned within the test volume to maintain optimal accuracy.

For example, Figure 1 shows a tablet device with a diagonal of 200 mm. Testing EIRP on such a device could take one of two approaches:
Approach 1: Treat each array independently

· Measure, or by other means declare, the radiation phase centre for each array

· Position the UE at the centre of the active array

· Measure EIRP at different angles

· Detect when the UE changes array

· Reposition the UE and continue to measure

Approach 2: Treat the device arrays as a group

· Determine the phase centres of each antenna and set D to be the maximum distance between the arrays OR
· Set D to be the maximum device size

· Determine the far field distance

· Measure EIRP without needing to determine which array is being used when and repositioning the UE at that time
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Figure 1. Tablet with two antenna arrays
In approach 2, the far field distance has the potential to increase dramatically. For the tablet in figure 1 at 28 GHz it would be 7.5 m. For that reason, it may be an option to consider a shorter far field distance, and accept a lower accuracy of measurement. The used array would still be in far field but the uncertainty about the correct radiation phase centre to use would mean additional uncertainty in the path loss. For the example above this would be 20*log10(0.9/1.1) = 1.74 dB.
A third approach which is like approach 2 is to use a CATR with a quiet zone larger than the device dimensions.

3 Conclusion

Proposal 1: I order to minimize procedural issues and minimize uncertainty, the UE RF baseline far field distance shall be based on the maximum dimension of the UE.

Proposal 2: In the case that the maximum distance between the radiation phase centres can be determined (by measurement or declaration) D can be set to less than the device maximum dimensions

Proposal 3: In order to minimize the far field distance and measure each array independently, it wil be necessary to determine, (by measurement or declaration), the radiation centre of each array and a mechanism to determine which array is being used at any one time so that the UE can be repositioned within the test volume.
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