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< start of changes >
10.2.2.4
Far Field Criteria for the baseline measurement setup

The minimum far-field distance R for a traditional far field anechoic chamber can be calculated based on the following equation: 
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where D is the diameter of the smallest sphere that encloses the radiating parts of the DUT. The near/far field boundary for different antenna sizes and frequencies is shown in Table 10.2.2.4-1.
Table 10.2.2.4-1: Near field/far field boundary for different frequencies and antenna sizes for a traditional far field anechoic chamber
	D(cm)
	Frequency (GHz)
	Near/far boundary (cm)
	Path Loss(dB)
	Frequency (GHz)
	Near/far boundary (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


As can be seen in the table, the distance can be very large for larger antenna sizes and higher frequencies. This could lead to very large chambers that would be prohibitively expensive.

Generally, the exact antenna size of the DUT is unknown since the device will be in its own casing during the test and this also depends on other factors such as ground coupling effects that depend on the design. The largest device size (e.g. diagonal) could be used; however, this would lead to very large chambers even for relatively small devices. A practical way to determine the far field distance is needed.

In [R4-168320], [R4-1700955], it was proposed to determine the testing distance based on a manufacturer declaration. One of the risks of this approach is that a distance shorter than the actual far field is chose. It should be further studied whether this could lead to underperforming devices passing the tests due to measurement inaccuracies (e.g. whether a shorter distance will lead to better measurement results than the actual far field distance).

In [R4-1700531] an experimental method was proposed to determine the far field distance based on path loss measurements. This method is based on the fact that the path loss exponent is different in the near field and the far field. By measuring the path loss gradient over a certain distance, the near/far field boundary could be found. The results of an experiment conducted on a Band 3 LTE device are shown in Figure 10.2.2.4-1. The minimum far field distance can be found at the regression intercept point.
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Figure 10.2.2.4-1: LTE UE FDD band 3 measurements to determine the minimum far-field distance.

The figure shows an example result for the case where the frequency is 1.85 GHz.  The approximate device dimensions were 13 x 8 cm.  Under these conditions, the canonical minimum far-field distance would be 28.7 cm.  According to this method, the minimum measurement distance would be 13.8 cm.  Further work is required to determine whether this technique provides valid results for much higher frequencies and general device types.

Methods to reduce measurement distance for AAS are Compact Antenna Test Range, One Dimensional Compact Range, and Near Field Test Range which are all listed in [21]. These may be used for NR provided they meet the equivalence criteria relative to the baseline measurement setup. Other methods are not precluded.
10.2.2.5
OTA measurements in the radiative near field
In this sub-clause we discuss measurements of TRP in the radiative near field for both the wanted channel and unwanted emissions.

TRP is a measure of how much power is radiated by radiating device. TRP is a parameter associated to an active measurement, meaning that TRP is associated to a system consisting of antenna and transmitter. The total power is calculated as the power sum over all possible angles (, ). To describe the spatial angles a Cartesian coordinate system according to Figure 10.2.2.5-1 is introduced. The  angle is defined within the interval 0<< and  angle is defined within the interval <<2. The direction (, )=(/2, 0) is the direction along the x-axis. 
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Figure 10.2.2.5-1: Test object located in spherical coordinate system

The origin is supposed to be located in the geometrical centre of the base station, since the phase centre related to radiated unwanted emission is unknown. The exact location of the origin in not important as long as the power going through the sphere is measured. 
If the radiation intensity is a continuous function of spatial angles, then the TRP of a given radiating system is defined as:
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where U(, ) is the radiation intensity at each angle in Watts/steradian. TRP is defined the sum of all power radiated by a system, regardless of direction or polarization. If the radiating system were enclosed in a perfectly absorbing sphere, the TRP would be the power that would be absorbed by that sphere. 

The total radiated power as function of frequency can be expressed as a double integral over ,  angles and U substituted too total EIRP as:
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where EIRPp1 and EIRPp2 is associated to two orthogonal polarizations of the radiated emission. This expression assumes knowledge about the continuous EIRP distribution for two orthogonal polarizations over the whole sphere and as function of frequency. 

Currently for GSM, UTRA and E-UTRA the radiated power of the wanted signal is specified and tested using TRP as figure of merit. The RF core requirements for UE OTA characteristics can be found in TS 37.144. The requirement does not say anything about who the requirement is tested. The description of how TRP is measured is captured in 34.114.  Traditionally, two main candidates for testing TRP on UEs exists; Anechoic chamber (AC) and Reverberation chamber (RC).

For UEs it is reasonable to believe that the spurious domain reaches up to 140 GHz (maybe even higher), which means that aspects related to transmission losses in the chamber must be studied carefully. 

From a straight definition point of view is EIRP a parameter defined in the far-field region, which will set some requirement on the distance where EIRP is measured with known uncertainty. However, there are means to measure TRP based on EIRP samples in the near-field region (outside the reactive near-field region) by using the concept of probe compensation. The probe compensation takes care of the measurement antenna impact with respect to the fact that the wave is not plane. Observe that for TRP, total radiated power through the whole sphere area does not depend on the distance between the test object and the measurement antenna. This means that for TRP, the distance between the test object and measurement antenna can be considerably less than the far-field criteria for a specific frequency and test object size states. 
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Figure 10.2.2.5-2: Distance to test object
Using the concept of probe compensation TRP can be measured closer to the test object in the region:
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where  is the wave length in meters and D is the maximum linear dimension of the antenna aperture in meters.

In Figure 10.2.2.5-3, the limit between reactive near-field and radiative near-field is plotted in red and the limit between radiative near-field and far-field is plotted in blue for 28 GHz.
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Figure 10.2.2.5-3: Distance to test object
10.2.3
Test Interface

A Test Interface (TI) is needed for certain control and measurement functions. Detailed functions and implementation of the TI are TBD
< end of changes >
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