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1. Introduction

Discussions within RAN4 on far field definition for RF Parametric measurements as a part of OTA test methods for mmWave. This paper discusses the variation of far field distance due to the type of measurement for single / multi array mmWave modules in a device. Also the benefit of making measurements in CATR is highlighted. 
2. Discussion: Harmonic Far-field Distance
Far field distance definition can vary based on the size of the device with respect to wavelength, and the extent of accuracy required in measurement of the main and the side lobe levels. If D is the diameter of the sphere encapsulating the radiating area of the device, and λ is the operating wavelength then the far field distance for D>>λ is: 2D2/λ. At this distance the phase difference between an ideal plane wave and the spherical wave is π/8 radians or 22.5˚.
Handheld devices supporting mmWave bands can employ one or more arrays in various configurations for two main purposes:

· For diversity gain in order to mitigate detuning effect by the head/hand
· To capture the strongest beam from the eNB as the Angle of Arrival of the signals can be from any direction, and the user’s orientation towards the beam doesn’t remain constant

Some of the potential array locations are highlighted in Fig 1. In each of the cases below the value of dimension of “D” is different depending on the measurement scenario.
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Figure 1. Antenna array configuration options on a device
Table 1. Far field distance and Path Loss for 28GHz device
	Frequency (GHz)
	D (cm)
	Far field distance (m) 2D2/λ

	28.00
	1.00
	0.02

	28.00
	2.00
	0.07

	28.00
	6.00
	0.67

	28.00
	14.00
	3.66


As seen from the equation, the far field criterion is also frequency dependant. As an example, for D= 6cm, for a device operating at 28GHz, the far field criteria for fundamental and 2nd and 3rd harmonics is shown in Table 2.

Table 2. Far field distance and Path Loss for D= 6cm

	Frequency (GHz)
	Wavelength (m)
	Far field distance (m) 2D2/λ
	Path Loss (dB)

	28
	0.0107
	0.672
	57.9

	56
	0.0053
	1.344
	69.9

	84
	0.0035
	2.016
	77.0


3. Discussion: CATR-Based Far-field measurements

In the previous section, the variation of the far-field distance based on spacing between antenna arrays and effect of measuring higher order harmonics is noted. This has a deleterious impact on measurement sensitivity of the higher harmonics as described in [2] and [3].  In fact, [2] shows that higher harmonics cannot be measured with existing test equipment, at least in part, due to the higher free-space path losses associated with the higher frequencies of the harmonics.  In [4], the difficulties of determining a practical far-field distance for mmWave devices with multiple antenna arrays was highlighted.  

For harmonic characterization and for devices with multiple antenna arrays, especially offset from beam centre, an alternative compact antenna test range (CATR) approach [1] for far-field measurements offers many practical advantages compared with direct far-field approaches.  In addition to the compactness of the measurement system, CATRs can provide reduced path losses relative to direct far-field measurements, which could potentially enable measurement of higher-order harmonics that were precluded in [2].

In a CATR, the path loss of the system is set by the focal length of the range antenna reflector, and this focal length is typically considerably shorter than the far-field distance of the device-under-test (DUT), the latter being used to calculate the path loss for direct far-field measurements.  For example, in [2], a device with a 9-cm value for D and operating at 100 GHz was analyzed and found to have a far-field distance of 4.9 m.  This corresponds to a path loss of 86.2 dB.  However, the same device could easily be measured in a CATR system with a range antenna reflector having a 1 m focal length.  This would give the CATR approach a 13.1 dB lower path loss, and potentially enable higher-order harmonics to be measured with greater accuracy.  The gain of the feed antenna is also important to consider in determining total loss in the system. If the system is designed for a quiet zone significantly larger than the device requires this will reduce the sensitivity advantage provided by the reduced path loss.
In a CATR, the range antenna collimates the spherical wave front produced by the feed antenna.  This collimated beam is effectively uniform in cross-section (to within typical commercial specifications of approximately +/- 0.5 dB or +/- 5 degrees phase) - as well as uniform along the axis or propagation.  A simulation for the collimated beam is shown in Figure 2.  
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Figure 2. a. Simulated quiet zone as a function of distance from the mirror plane (Z=0) showing the simulated beam uniformity.  2. b.   normalized amplitude vs. distance for x=0 showing minimal amplitude variation as a function of distance from the mirror.  
Because the quiet zone is relatively uniform, devices in which the antenna’s location is not known can be properly measured.  No special alignment of the antenna to put it in the centre of the far-field beam is required, so long as the antenna is at least within the quiet zone.  Rotations of off-centre antennas forward toward or backward away from the mirror do not cause the off-centre antenna to experience a significant change in beam amplitude.
The uniformity of the collimated beam is also valuable for measuring devices with multiple antennas at different locations on a device.  In this situation, the device can be cantered within the beam, without regard to the position of its various antenna arrays.  As discussed in [4], measurements versus azimuth and elevation can be performed for all of the antennas of the device without the need to re-position each one at the centre of the collimated beam.

4. Conclusions
This paper has discussed identifying and defining far field criteria for various device and antenna topologies.
Observation 1. A direct far field measurement method can be used make RF measurements. The criterion will be to make a chamber which can accommodate the largest far field distance requirement. An implementation where the device is moved towards or away from the DUT can be used to optimize between the path loss and the far field distance requirement

Observation 2. An alternate far field method is to use a compact antenna test range (CATR) [1], which can enable practical measurement of multi-antenna devices, off-center antennas, and higher-order harmonics
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