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1.
Introduction

In previous RAN4 meetings, the spatial domain impact on the receiver and transmitter performance was discussed. 
This paper will continue the discussion initiated in RAN4#61 [1, 3 and 4] how to measure transmitter unwanted emission generated by an AAS using OTA methods.   

2. Discussion
The information in this paper is applicable for AAS BS where no defined ARP (Antenna Reference Point) connector is available for conductive measurements or the number of ARP connectors is too large for conducted RF combination measurements to be performed. The ARP is a well defined connector interface between the TX/RX sub-system and the radiating element. For a highly integrated AAS BS equipped with a large number of independently radiating elements it is not practical to have an ARP connector for each radiating element.
An unwanted emission measurement, in an OTA setup, is preferable measured in terms of EIRP (Equivalent Isotropic Radiated Power) as it is described by ITU-R [2] and regulators in some regions. Unwanted emission is generated in the TX chain from different sources, such as IM (Inter-Modulation), harmonics, noise, clock-leakage, LO-leakage and so on. All these contributions are added together creating unwanted emission. EIRP is measured in the unit W (or dBm in decibel scale) and can easily be related to other radio characteristics of an AAS through basic link budget calculations. To reflect the spatial properties of the unwanted emission completely it is necessary to measure EIRP for different DUT directions, different array excitations and several frequencies. 
As mentioned in [1], unwanted emission generated in frequencies close to the operating frequency of the array element, the radiation pattern and maximum gain of the array element will likely be very similar to the radiation pattern and maximum gain at the operating frequency. If the unwanted emissions from the array elements are correlated, the same can be said for the whole array. On the other hand, unwanted emissions on frequencies far away from the operating frequency of the antenna array can radiate in any direction, as showed in [6]. 
The EIRP is in a given direction defined as the gain 
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2.1
Measurement
Figure 1 shows a block diagram containing a principle measurement setup of a simple far-field range capable of measuring unwanted emission in the spatial domain. A practical way to obtain the radiation pattern is to record the signal emitted by the DUT (Device Under Test) through its motion in a spherical coordinate 
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 system, while keeping the probe antenna stationary. The received signal level 
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 is measured for several DUT orientations and frequencies. The EIRP is related to the received signal level according to following formula: 
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Where 
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 is determined by a range calibration where a known signal level is applied to an antenna with known gain properties. The calibration antenna is mounted at the positioner fixture instead of the DUT. The measurement range is calibrated for all frequencies of interest.
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Figure 1
Principle setup of far-field setup
Conducted requirements for spurious emission is specified with in the frequency band from 9 kHz to 12 GHz. From OTA perspective the frequency range must be considered since the probe antenna will measure the received signal level within the near-field region for frequencies much lower than the operating frequency of the antenna. Measuring far-field in the near field region will result in poor measurement accuracy and repeatability. A way to minimize and simplify the test scope is to choose certain frequencies of interest, such as harmonics and IM-products.  
During the test is it appropriate to configure the DUT to generate a well defined signal set to maximum output power. The configuration of the signal is at this point for FFS. 
The probe antenna will receive the sum of two signal contributions, the operating frequency signal level 
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 and the unwanted emission signal level 
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. Even though the operating frequency and unwanted emission is separated in the spatial domain the ratio 
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is large and will put high dynamic range requirements on the measurement receiver. To conserve receiver dynamic range and performance a filter bank is placed between the probe antenna and the measurement receiver. The selected filter will suppress the signal at operating frequency. With the operating signal removed the measurement receiver is adjusted for maximum sensitivity where unwanted emission is expected maintaining high measurement accuracy. 
The setup shows a principle how to measure EIRP in the far-field, which is often difficult for low frequencies or certain combinations of frequency and antenna size. The measurement of spurious emission EIRP in any direction, in both polarizations, for several frequencies and different array excitations will be time consuming. Further studies must find ways to minimize the number of variables measuring unwanted emission in the spatial domain.
The principle setup in Figure 1 shows the concept of an ordinary OTA measurement setup, unfortunately the far-field concept is unpractical to use as results of following issues:

1. Permission to transmit on regulatory frequency bands is not easy to obtain

2. Unexpected RF Interference will degrade measurement accuracy
3. The physical size of the test range is determined by the operating frequency and DUT aperture size
Issue 1 and 2 can be solved by using a RF shielded environment at an in-door facility. 
Issue 3 is not realistic for in-door environments, since as mentioned in [1], the far-field distance of a 2 m long antenna operating at 2.6 GHz is around 70 m. It is worth mention the negative impact of added free space path loss as consequence of increasing range length, since it require higher receiver sensitivity. 

All though it is possible to translate the setup to a compact range or near-field range, which are more appropriate for measuring unwanted emission in an in-door environment.
2.1.1
Near-Field Range
The physical dimensions of a test range can be reduced by adopting near-field measurement of the DUT. Applying analytical methods the measured near-field can be converted to far-field radiation characteristics, such as gain patterns.

The near-field measured data (amplitude and phase) is acquired by using a probe to scan the field close to the radiating element. The position of the probe is characterized by coordinates 
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 in the xyz coordinate system of the DUT. During the scanning, 
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 is kept constant, while 
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are varied. The dimensions of the Near-Field scanning aperture must be large enough to accept all significant energy radiated from the DUT. The measured Near-Field data 
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 is transformed into the plane wave spectrum, by a two-dimensional Fourier transform. 
The accuracy of the Near-Field measurement is determined by: RF reflections, mechanical errors, truncations errors and system errors. A near-field range is suitable for placement in a shielded chamber with absorption material on the inside minimizing reflections and RF interference. 
For certain AAS configurations it may be better to utilize cylindrical or spherical scanning techniques where the near-field is probed on a cylindrical or spherical surface instead of a plane surface. At this point it is too early to decide which scanning technique that is appropriate for AAS OTA measurements. A drawback with this method is that it is not appropriate for blocking measurements. The impact of the required dynamic range of the probe receiver needed for this type of measurements must be investigated further.
2.1.2
Compact Range
Far-Field antenna measurements require that the DUT is illuminated by a uniform plane wave. This requirement is achieved in the far field for range length 
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As mentioned earlier in this document the physical distances between the DUT and the probe antenna will be too large to be practical. A compact range creates a plane wave field at distances considerably shorter than those needed for conventional far-field criteria. In a compact range, a uniform plane wave is generated by a parabolic reflector. The reflector provides the means to convert a spherical phase front from the feed into a planar phase front close to its aperture. The DUT may be located near the aperture of the reflector in order to be illuminated by a uniform plane wave.  
There are several factors which affect the compact range performance: aperture blockage, surface accuracy, edge diffraction, depolarization effects, direct coupling between feed and DUT and room reflections. 
3.
Summary
In this paper, the discussion on the need to capture the spatial domain aspects by performing OTA tests on very limited requirements for AAS is continued. With presented measurement setups it is feasible to measure unwanted emission generated by an AAS BS even where no ARP connector are available.
It is vital in minimize the measurement scope in terms of interesting frequencies, array excitations and also reduce the sample grid in the spatial domain to a minimum to conserve measurement time. Minimizing the overall test time a common measurement method capable of handling all potential OTA related measurements, such as blocking, unwanted emission and pattern characterizations are desirable.  
For OTA measurement of unwanted emission it is recommended to utilize an in-door facility. To finally determine OTA measurement method it is vital to consider the measurement accuracy associated to the figure of merit related to a certain requirement. 
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