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1. Introduction

Discussions within RAN4 on OTA test methods for mmWave NR are ongoing including the current agreements on testability aspects in [1] which defined a baseline as:

· Baseline testing setup for UE TX and RX requirements
· Option 1: Far-field anechoic chamber setup with either conical cut or great circle test method is considered to be the baseline configuration
· Option 2: Far-field anechoic chamber setup with dual-axis positioning of the DUT is considered to be the baseline configuration
This paper discusses the implications on test method for devices that contain multiple antenna arrays. In this case it is not the size of any one array that determines the far field distance but potentially the distance between multiple arrays
2. Discussion of multi-array mmWave device test challenges
Primarily for reasons to mitigate body and hand shadowing, a typical UE operating at mmWave frequencies will likely employ more than one active antenna array. The implications of this on different far field test methods is the subject of this paper.
The far-field distance is approximately equal to 2D2/λ, where D is the maximum distance between the phase centres of radiating However, the definition of D, for devices with multiple antenna arrays, requires careful consideration since some requirements are per array and others require simultaneous use of multiple arrays, e.g. performance and spatial tests.  
In [2], the CTIA OTA test plan, writing in the context of sub-6 GHz systems, defines the appropriate value for D as the largest dimension of the device since the antenna couples to the chassis of the device.  If a hand/head phantom is involved in testing, CTIA recommends that at least a portion of the phantom also be considered as part of the device.  

At 28 GHz for a smartphone device of 15-cm along the diagonal dimension, the far-field distance using the CTIA definition in [2] would be > 4 m leading to expensive test systems. However, since at mmWave frequencies the coupling of the device and the antenna array into the device could be much less, it is proposed in [3] that the appropriate D should be the maximum dimension of the antenna array rather than the overall device itself. If the coupling between the antenna array and the device or the array and a phantom were minimal, then this approach seems valid.  
However, even if there were no coupling to the larger device or phantom, in is not always possible to assume the individual antenna size for D for devices with multiple antennas.  For example, assume DUT is a tablet as shown in Fig.1 with two antenna arrays having a 4-cm diagonal operating at 28 GHz with a separation of the phase centres of 24 cm.
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Figure 1 Table employing two mmWave antenna arrays
Using D=4 cm, the far-field distance is 30 cm.  Figure 2 shows a standard far-field measurement setup in which the test antenna is located 30 cm away from the tablet m.  The tablet is positioned in the beam and attached to a 2D positioner. 
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Figure 2. Standard far field test setup

Two issues become apparent from Figure 2:

1. To make correct RF measurements such as EIRP and EIS measurements both antennas require to be positioned in the center of the test volume.  As shown in figure 2 the two antennas see significantly different angles of illumination, regardless of how the device is positioned using a 2D positioner.  The AoA varies +/- 22 degrees if the DUT is centered in the test volume and an azimuthal rotation of p + 90 degrees results in an actual angle change of 112 (90+22) degrees or 68 (90-22) degrees, depending on the antenna array. Since the power density follows an inverse square law versus distance, a rotation by 45 degrees would position one antenna closer to the test horn and the other farther than when the rotation angle is 0 degrees.  The effect would be an error on the order of + 3 dB in the measured power for the closer array and – 3dB on the farther array. 

EIRP and EIS can be measured for one antenna array at a time centered in the test volume, then reposition the device such that the other antenna array is centered and repeat the measurements.
2. For performance tests where both antennas may be used simultaneously, these test would be impacted by the errors as described above and for such tests, D needs to be calculated on the phase separation of the arrays which creates a much longer far field distance.
3. Measurement Options for Multi-Antenna Devices
1. For when joint operation of the antennas is not required, then the DUT antenna arrays can be tested individually with the setup shown in Figure 2 by centering each antenna array, one at a time, in the beam from the test horn and performing rotations about the antenna array phase center rather than about the center of the DUT.  If there are N antenna arrays/modules on a device, the test time would scale by at least N relative to the test time for one antenna.  Testing each array/module would require re-positioning of the device on the Azimuth-elevation position.

2. For test requiring simultaneous operation of the arrays, Alternatively, the full antenna separation of 24 cm has to be used to calculate the far-field distance which is 11 m, which is prohibitive for an indoor-far-field anechoic chamber as well as creating link budget issues due to path loss.  

3. An alternative far filed approach is to use a Compact antenna test ranges such as defined in [4] A typical CATR for a device of the size in Figure 1 is in the region of 2.5 m which is a credible size. In addition, the collimated beam produced by the reflector in the CATR means that tests on individual arrays can be carried out without repositioning the DUT in the center of the test volume. 
4. Conclusions
This paper has shown some of the challenges of accurately and practically measuring mmWave devices with multiple antenna arrays.  A traditional far filed approach is feasible when considering individual antenna arrays but for devices incorporating multiple arrays there are challenges with the need to reposition the DUT into the center of the test volume for measurements on each array. Secondly, for tests requiring simultaneous operation of multiple antennas the far field distance can become prohibitive when using traditional anechoic chambers, however the use of a CATR can significantly reduce the required field length as well as allow individual antenna arrays to be measured without reposition the DUT.
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