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1. Introduction
Conformance testing for mmWave devices (above 24GHz) is likely to be only over the air (OTA). This is a major change compared to current conformance testing (below 6GHz) and new testing methodology will have to be developed. During the 5G-NR study item it is very important to identify suitable testing methodologies for these mmWave devices. In this paper we discuss some issues related how these tests could be performed.
2. Discussion
Based on the discussions in previous RAN4 meetings, it seems to be generally accepted that all mmWave testing will be OTA. Some RF requirements and corresponding tests were discussed in [1],[2]. In [3] some possible test methodologies were presented. In this paper we discuss the different possible test points and how they relate to the required tests introduced in [2].

2.1. Testing methodologies

For OTA measurements there are 3 different measurement/testing methodologies as described in [3] and reproduced below. R is the distance from the device, D is the largest antenna size, for an antenna array this is the largest size of the entire array. 

1. Reactive zone ( 0 < R < λ/2𝜋 )

For 28GHz the measurement distance would be R<1.5mm. Performing measurement at this distance from the antenna would be very difficult considering that the DUT has to be in its casing.
2. Near Field( λ/2𝜋 < R < 2D²/λ )

The near field/far field boundary for different antenna sizes is presented below in Table 1. Near field measurements are performed by scanning the electric field in relatively close proximity of the antenna. After collecting the measurements (amplitude and phase) in multiple points, the actual far field pattern can be obtained through the near-far field transformation. The scan can be planar, spherical or cylindrical depending on the shape of the antenna/DUT. The advantages of near field measurements are reduced chamber size(measurements are performed in the proximity of the device) and reduced test time since the number of samples(measurement points) is smaller compared to a full spherical scan.

3. Far Field ( R > 2D²/λ )

Far field measurements are performed at a relatively larger distance from the DUT. This type of measurement is more time consuming if a full spherical scan is needed(DUT has to be rotated in all directions) and may require a much bigger chamber as can be seen in Table 1. 
Based on the above observations, it is not feasible to use the reactive zone for measurements/testing. As such, we further consider only near field and far field measurements/testing.

	D(cm)
	Frequency (GHz)
	Near/far boundry (cm)
	Path Loss(dB)
	Frequency (GHz)
	Near/far boundry (cm)
	Path Loss(dB)

	5
	28
	48
	55
	100
	168
	76.9

	10
	28
	188
	66.9
	100
	668
	88.9

	15
	28
	420
	73.8
	100
	1500
	96

	20
	28
	748
	78.9
	100
	2668
	101

	25
	28
	1168
	82.7
	100
	4168
	104.8

	30
	28
	1680
	85.9
	100
	6000
	108


Table 1. Near field/far field boundary for different frequencies and antenna sizes
2.2. Near Field vs. Far Field

As state above, near field measurements have the advantage of reduced time and chamber size. However, as far the authors are aware, near field measurement/testing is only suitable for antenna pattern measurements, not for more complicated tests such as Tx EVM or Rx tests in which the DUT has to process signals received at the antenna array[At least for the Rx tests, the DUT has to process a planar wave relative to its receive antenna array]
Far field measurement/testing should allow the execution of all the needed RF tests presented in [2] can be executed by using far field measurements/testing. The drawbacks of far field testing are larger chamber size and dynamic range limitations.

Below we list some of the pros and cons of near field vs. Far field
Near field

· Pros: 

· Smaller chamber
· Lower path loss leading to better dynamic range for the measurement 
· Lower testing time(faster measurements) if the beams are not wide
· Cons:

· Not clear if measurements can be done for wide band signals (~100MHz or more), so far technology is used with CW signals
· Not clear if it is possible to do Tx signal quality tests (e.g. EVM or frequency error tests)
· Not clear if it is possible to do any Rx tests(e.g. EIS, blocking)
Far field
· Pros:

· It is possible to run any Rx or Tx test
· Cons:

· Relatively big chamber needed depending on the antenna size

· Dynamic range problems because of high path loss
Base on the above observations, only far field measurements would offer the testing possibilities required for mmWave devices. 

2.3. Far Field testing
In order to perform far field testing/measurements, the distance (R) from the device has to be determined. Since the exact antenna size is not known (and this also depends on ground coupling), one possible solution would be to use the largest device size(e.g. diagonal). Based on Table 1, the measurement distance would be around 4.2 meters at 28GHz for a device with a diagonal of 15cm(smartphone type of device) and much larger for larger devices. Considering the costs of such a chamber, it does not seem feasible to use such criteria. 

It should be noted that the antenna array within the device is likely to be much smaller than the actual device. If we consider a typical element spacing of 0.5λ, an array of 10 elements on a single axis would likely fit within 5cm around 30GHz frequency.  Even for larger devices with many antenna elements the antenna size is likely to be smaller than 10cm (20 elements on a single axis around 20GHz). As such, it seems that a maximum distance of about 2 meters would be enough to serve most device testing needs. Since the exact antenna size is not known, the measurement distance could be determined based on a manufacturer declaration.
In order to simplify the testing process, several “standard” testing distances could be defined (e.g. 0.5m, 1m, 1.5m, 2m, etc) and the manufacturer could choose the one that is most suitable for the device. This would enable some scalability based on antenna size and could also reduce the costs for smaller devices. 

3. Conclusion
In this paper we discussed some testing aspects related to testing methodologies. Based on our analysis it seems that only far field measurement/testing enables all RF testing needs presented in [2]. The problem of setting the testing distance (distance from DUT to test equipment antenna) could be solved by defining several “standard” distances(e.g. 0.5m, 1m, 1.5m, etc) and allow device manufacturers to choose the suitable testing distance.
For demod/RRM testing the test setup could be more complicated, however, it is expected that far field testing could be used to some extent.
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