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Introduction
According to [1] it is assumed that over-the-air (OTA) testing is the baseline for NR UE RF requirements at frequencies above 6 GHz. Furthermore, a key aspect of the baseline setup is to perform measurements in the far-field region. This requires the knowledge of the far-field distance. However, the criterion for determining the far-field distance is still to be defined. This paper proposes a power measurement based method to evaluate the far-field distance.
Discussion
Minimum far-field distance
The baseline OTA measurement setup for NR high frequencies shall provide measurement capabilities in the far-field region, however, the criterion to determine the far-field distance is yet to be defined [1].
On the other hand, according to [2] the power link budget of the OTA measurement setup is a limiting factor for the measurement distance, i.e. the measurement distance shall be minimised without leaving the far-field region. 
Thus, it is desirable to evaluate the lower bound of the far-field region, i.e. the minimum far-field distance, in order to fulfil both criterions and to minimise the test setup size.
In theory, the minimum far-field distance  can be calculated for standard antenna elements and well known antenna array geometries. A definition of the far-field region   including a common rule of thumb based on the diameter D of the smallest sphere that encloses the radiating parts of the DUT is provided in [3][4]: 
(1)	
However, the required diameter might not be exactly known for real NR DUT implementations, which might prevent an estimation of the far-field distance according to (1). In particular, for active DUT it is hard to select D. There, the safest estimate would be to take D at the largest dimension of the DUT (i.e. diameter of the minimum sphere enclosing the DUT). However, this is in contradiction to the general need to reduce size and cost of test systems. Consequently, there is a need to evaluate the minimum far-field distance by means of measurements. Also, such measurements would allow to validate any declared DUT far-field distance.
Observation 1: A measurement method is required to evaluate the minimum far-field distance . It shall allow the experimental determination of an unknown minimum far-field distance and the verification of a known (or declared) one.
Power vs. distance dependency in near-field and far-field region
According to the Friis Transmission Equation the ratio between received power  and the transmit power  in free space and far-field region is proportional to the inverse square of the distance  and the wave number :

Thus, in logarithmic scale the receive power decreases by 20 dB per decade of distance in free space at a given frequency and constant transmit power.
According to [5], in the near-field region the transmission equation (2) does not apply. Near-field power rolls off at powers higher than the inverse square, typically inverse fourth  or even higher. Furthermore, and in contradiction to the far-field region, the electric and magnetic field behave differently in the near field. Thus, there are different receive and transmit power relations for the electric and magnetic field proposed in [5] as depicted in Figure 1.
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Figure 1: NF vs. FF behaviour according to NF model [4]
According to Figure 1, there is an obvious region where the near-field behaviour converges with the far-field behaviour. Based on sufficient measurement samples, this convergence region could be identified by the intercept of two regression lines. 
Observation 2: The different behaviour of the path loss in near field and far field offers a way to determine the minimum far-field distance . The intercept point of power measurement based near-field and far-field regression line convergence region of near-field and far-field power measurements determines the minimum far-field distance .
LTE verification measurement
For verification purposes of the discussed measurement approach, R&S performed sample measurements with LTE UEs due to the lack of suitable NR DUTs. For the measurements, the UE was attached in a wireless connection to the R&S®CMW500 radio communication tester in an anechoic environment. During the test the distance between the UE and the downlink antenna was increased in 1 cm increments, while the RSRP (reference signal received power) reported by the UE was recorded. Figure 2 depicts the outcome of such a measurement series at a downlink carrier frequency of 1.85 GHz (i.e.  16 cm), i.e. in FDD band 3. The required diameter D to calculate  according to (1) was unknown, the dimensions of the UE under test was approx. 13 cm (L) x 8 cm (W). 
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Figure 2: LTE UE FDD band 3 measurements to determine the minimum far-field distance.
The measurements according to Figure 2 using the proposed regression intercept point method propose a minimum far-field distance of 14 cm, which would assume a diameter D of 10,5 cm according to (1) which seems reasonable for the given DUT. Of course, more validation measurements shall follow as soon as suitable NR DUTs are available.
[bookmark: _GoBack]Table 1 gives an overview of the different minimum far-field distances we would achieve using the analytical formula (1) and the measurements depicted in figure 2, assuming . It is obvious, that analytical estimates of the minimum far-field distance according to (1) could lead far too oversized measurement setups. In this example a far-field distance of 160 cm would be chosen according to (1) instead of 14 cm as the result of the measurement.

	Estimation method for D
	Estimate for D
	
	
	
	Measured 

	DUT diameter; 
D = 
	15,2 cm
	29,5 cm
	152 cm
	160 cm
	14 cm

	According to  measurement and 
D =
	10,5 cm
	13,8 cm
	105 cm
	160 cm
	14 cm


Table 1: Comparison of analytical minimum far-field distance estimations 

Observations
Observation 1: A measurement method is required to evaluate the minimum far-field distance . It shall allow the experimental determination of an unknown minimum far-field distance and the verification of a known (or declared) one.
Observation 2: The different behaviour of the path loss in near field and far field offers a way to determine the minimum far-field distance . The convergence region of near-field and far-field power measurements determines .
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