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1. Introduction

Previously in the discussion related to OTA unwanted emission practical test aspects and test methods have not really been on the agenda. Testing OTA unwanted emission requirements will require new test approach to be adopted or available test methods to be modified. The background for the RF core requirement for OTA unwanted emission is presented in a companion contribution [1]. It’s clear the aspects related to measurement distance and spatial measurement grid are fundamental aspects for measuring TRP. The details of those aspects is captured in a companion contribution [2].
Based on an OTA environment similar to traditional far-field, near-field test ranges for antenna testing and radiated EMC testing, a test method for OTA unwanted emission have been developed. 

The intention with this contribution is to introduce a test method for measuring OTA unwanted emission. The method is based on traditional test facilities. A procedure is described to allow for a successive finer and finer sampling grid until the requirement level is met. 
The measurement equipment in terms of chamber and positioner is similar to traditional chambers used for EMC radiated emission and susceptibility testing. A measurement procedure is developed to capture unwanted emission radiation coming from the test object encapsulation and antenna.
2. Discussion

In general, an OTA measurement requires a controlled test environment. This can be achieved by using a shielded anechoic chamber. The test object is located on a positioner together with a measurement antenna inside the anechoic chamber. The positioner is used to move the test object according to a selected sampling grid. The theory on required measurement distance and spatial sampling grid is described separately in a companion contribution [2].

A measurement antenna is placed in the chamber at a distance corresponding to an acceptable SNR level for the measurement receiver, while the measurement antenna and test object are located outside of each other’s reactive near-field zones. A band stop filter is used to protect the measurement receiver from the wanted signal. The LNA is used to increase the dynamic range for the measurement receiver. The setup is illustrated in Figure 2-1. 
[image: image1.emf]
Figure 2-1: Test setup
The measurement antenna shall preferably be dual-polarized in order to measure two orthogonal polarizations at the same time. Otherwise, the measurement process should be repeated for two orthogonal polarizations.

The test procedure is based on measuring the directivity pattern in two cardinal cuts intersecting at the in-band main lobe direction in order to estimate TRP. An iterative angular sampling is proposed, which is limited by the Nyquist criterion (described in a companion contribution [2]). The TRP estimation can be accomplished by a simple averaging procedure (which provides an over-estimate) and if needed, a pattern multiplication method (which is an extra post-processing step and does not require more measured samples). If the TRP estimates do not fulfil the requirements at certain frequencies, full-sphere measurement can be undertaken as a last option. The steps of the method are described in the flow chart in Figure 2-2.
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Figure 2-2: Flow chart of test procedure

2.1 Preparations

The TRP will be the same for any closed surface surrounding the EUT, hence the measurement can be performed in both far-field and near-field. The measured quantity (u) is the EIRP in the case of far-field measurement or power density in near-field. A scale factor (S) equal to 1 (far-field) or area of the measurement surface, e.g. sphere (nearfield) is needed for conversion from u to TRP. When u is measured, two values of u for orthogonal linear polarizations should be recorded and summed at each angular point and for each frequency. A dual-polarized test probe is recommended in order to reduce the measurement time.
2.1.1 Mounting of the antenna

It is recommended to align the geometric centre of the antenna on the axis or axes of the turntable.

2.1.2 Test signal

Use a beam scanning test signal if available, otherwise a fixed beam test signal should be used. A beam scanning signal can be either sequential or random, as long as all beam positions used in the product are scanned. When beam scanning is employed each beam position must be kept for the minimum duration for one frame (or equivalent). Information on how to trigger the test signal, as well as the total sweep time shall be supplied by the EUT vendor.

During the test of unwanted emission, the test requirement mandates that the EUT to be configured to generate maximum radiated transmit power.
2.1.3
Decide which sub-bands/probes to use

The wide frequency range of the test must probably be covered by different probes. The signal level calibration has to be performed separately for each probe. The angular resolution can be set for each emission frequency band. For practical reasons it can be time saving to use the same resolution for emissions that are close in frequency. If this is done, the resolution shall be calculated for the highest emission frequency. The number of probes and the frequency planning of the measurements will affect the measurement time.
2.2 Calibration and pre-scan
2.2.1
Signal level calibration
For each probe, e.g. a waveguide horn or a dipole antenna, a calibrated signal generator and a suitable reference antenna is used to calibrate the signal level, by using the substitution method. For far-field measurements the gain figure [image: image4.png]


of the reference antenna and the output power [image: image6.png]


of the signal generator must be known in the frequency band of the probe. For nearfield calibration the antenna factor [image: image8.png]


,  i.e., the ratio of the electric field strength for a plane wave at the measurement distance and the voltage level on the reference antenna port, and the output power [image: image10.png]


of the signal generator must be known in the frequency band of the probe. It is noted that nearfield effects related to the signal level calibration are hard to compensate for since phase is not measured. Such errors must be considered in the measurement error budget.

2.2.2
Pre-scan and locate emission

Scan the frequency range of the current probe/frequency band. A sparse spherical grid (e.g. 15 degrees) s used to determine the frequencies where emissions are present. If it is determined that no noteworthy emission (e.g. 20 dB less than the limit) is present at a certain frequency, no further measurement is required for that frequency. Otherwise, proceed with 2.2.3.

2.2.3
Calculate angular resolution for dense sphere

Use the formulas: 
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Equation 2-1
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Figure 2-3: Spherical coordinates and illustration of spherical and cylindrical diameter.
These are the sampling criteria for a dense full sphere measurement. Here [image: image16.png]k =2m/A



, 
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is the diameter of the EUT and
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 is the diameter of the smallest z-directed cylinder that circumscribes the EUT. The depth (d), width (w) and height (h) of the EUT are the dimensions along the x, y and z-axis respectively. The angular step given by Equation 2-1 are denoted the Angular Nyquist Criterions (ANQC).

The margin N is commonly selected as N=10, and is appropriate for most antennas and in-band operation. However, for spurious emissions at very low frequencies and very high frequencies this needs to be further investigated. For [image: image21.png]kD <« 1



a total of six points, separated 90 degrees, should be enough. On the other hand, at such frequencies the reactive nearfield region may be too large to apply the proposed method.

Based on the outcome of Equation 2-1, decide whether to proceed directly to a dense full sphere 2.7 or “Find Peak” 2.3. The measurement time is proportional to the number of angles needed. For a full sphere measurement, the total number of points is [image: image23.png]2N Ng



 whereas for two cuts the number of points is [image: image25.png]2N4 + 2Ng



, where [image: image27.png]


 and [image: image29.png]kD + N



.

2.3 Find peak
Measure the direction and peak value of the current emission. Start searching in the max u direction obtained in the pre-scan 2.2.2, and do a finer search around that direction. Locate the peak direction with an angular resolution finer or equal to the ANQC of Equation 2-1. If the peak is flat and broad, the mid-point of the peak shall be used as peak direction, e.g., if u is constant with a small ripple comparable to the measurement uncertainty this can be regarded a flat peak, and the peak direction should be defined as the direction at the mid-point of the peak, see Figure 2-4.
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Figure 2-4: Determination of peak direction for a narrow peak (left) and a flat broad peak (right).
The red arrow indicates the peak direction and the green double arrows depic the equal lengths to the left and right flank of the peak, respectively. 

Calculate an estimate of the TRP as:
[image: image33.png]




Equation 2-2
If this value is lower than the requirement, then the current emission is compliant. Proceed to the next emission and restart from 2.3 or go to the next band 2.2.

2.4
Two cut method
2.4.1
Define the cuts

Use the peak direction found in 2.3. and measure u in two orthogonal spatial cuts. The orientation of these cuts should be selected according to the area of service of the EUT. Refer to the vendor product sheet. Example: If the service area is described as azimuth scan between -45 and 45 degrees and elevation scan between +10 and -20, i.e., a rectangular service area, then a horizontal and a vertical cut should be used. The same holds for a product with only horizontal scan. If other exotic service areas are used, chose the scans along the symmetry planes of the service area, see Figure 2-5. 


[image: image34]
Figure 2-5: Examples of EUT service area (gray regions) and directions of the cuts (dashed lines).

The examples of EUT service area (gray regions) and direction of the cuts (dashed lines) crossing at 90 degree angles at the direction of peak u for one particular spurious emission. In the case of an exotic service area as in case (d) it is recommended to rotate the EUT in order to have horizontal and vertical symmetry planes.

2.4.2
Mount the antenna

Mount the EUT for measurement of the current cut and make sure that the peak direction determined in 2.3 is included in the cut.

2.4.3
Set the start value of the angular resolution

Use the Equation 2-1 to calculate the finest needed step, see 2.2.3. Use the maximum of this value and 15 degrees as initial angular step. 
2.4.4
Measure, check error and up-sample

In the current cut, measure u with the current angular step. If the current step is finer than or equal to the ANQC calculate the average value of u, record a zero convergence error, and proceed to 2.4.5. Otherwise evaluate the convergence error of the current sampling step using the formula: 
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Equation 2-3
If the error level is acceptable (e.g. less than 1 dB), use the average value of u and proceed to 2.4.5.

If the error is deemed too high, lower the angular step and redo step 2.4.4. Here, halving steps can be used or if preferred other strategies can be used. 

Table 2-3: Example of convergence error calculation using Equation 2-3.
	[image: image37.png]Ap (degrees)




	Average of u (dB)
	Error, see Equation 3

	120
	-5
	Not possible

	60
	-10
	Not possible

	30
	-14
	max(4,9) = 9 dB

	15
	-15
	max(1,5) = 5 dB 

	7.5
	-15.5
	max(0.5,1.5) = 1.5 dB

	3.75
	-15.7
	max(0.2,0.7) = 0.7 dB


2.4.5
Estimate the TRP using the two cuts data

Go back to 2.4.2 if only one cut is measured. The data of the two cuts are denoted [image: image39.png]


and [image: image41.png]


, respectively. The TRP is estimated as:
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Equation 2-4
If this value is lower than the requirement, then the current emission is compliant. Proceed to the next emission and restart from 2.3 or go to the next band 2.2.

2.5 Pattern multiplication
Pattern multiplication can only be used if:

I. The frequency of the emission is close to the operating band (e.g. max. 20%). 
II. The bandwidth of the emission is comparable with the in-band modulated signal.
III. The emission changes significantly when the EUT transmitter power is turned ON or OFF.
IV. The antenna arrays of the EUT:
a. Have rectangular grids of antenna element positions.
b. Have symmetry planes that are vertical and horizontal.
c. Have parallel antenna planes.
If these requirements are not met, proceed to 2.6. 
The pattern multiplication uses the data of the two cuts obtained in 2.4. Here, a less conservative estimate is used based on the possibility to calculate the antenna array factor as a product of two terms, one corresponding to each cut. 

The antenna array is here assumed to be placed in the y/z-plane. The pattern multiplication is performed in u/v-coordinates and the data in the two cuts are denoted [image: image45.png]Uy (@)



 at [image: image47.png]


and a vertical cut with data [image: image49.png]uy,(8)



 at [image: image51.png]


. The data is split in two parts corresponding to the forward and backward hemisphere, where the relation
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Equation 2-5
holds for the forward hemisphere data. The remaining data correspond to the backward hemisphere. The u/v-coordinates are defined as:
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Equation 2-6
for each hemisphere. The data is extrapolated to the u/v-plane using the formula:
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Equation 2-7
The forward hemisphere TRP is calculated as:
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Equation 2-8
Here [image: image61.png]


is the infinitesimal solid angle at the point (u,v). Note that only points on the unit disc [image: image63.png]


will contribute. One efficient way to implement this integral is to first introduce polar coordinates:
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Equation 2-9
This leads to [image: image67.png]df) = sin8d6d¢ = —dpda.



The TRP can then be calculated as:
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Equation 2-10

where [image: image71.png]Amn = —8(1-p?)Aa



 is the solid angle corresponding to a rectangle at [image: image73.png](p.a)



 and with sides [image: image75.png]


 and [image: image77.png]


 in the [image: image79.png]


-plane. Note that the values at [image: image81.png](u,v) = (p, cos ay. p, sina,)



can be calculated by numerical interpolation in the table generated by Equation 2-7.

If the value calculated by Equation 2-8 is lower than the requirement, then the current emission is compliant. Proceed to the next emission and restart from 2.3 or go to the next band 2.2.

2.6
Sparse sphere

The intension is equivalent to the iterative up-sampling of the two-cut method. Measure u on a full-sphere with 15 degrees sampling resolution, including the peak direction u. Calculate the average of u and estimate the error as in 2.4.4. 

If the value including error is below the requirement, then the current emission is compliant. Proceed to the next emission and restart from 2.3 or go to the next band 2.2. 

Otherwise reduce the angular step until the TRP including error estimate is below the requirement threshold or until the ANQC is reached. 

If the latter is the case, proceed to 2.7.

2.7 
Dense sphere
Measure a full sphere using the angular steps of 2.2.3. The angular ranges are chosen to get a full-sphere coverage. The TRP is then calculated as the mean value over the sphere using the proper surface density scale factor. Using the spherical coordinates:
[image: image83.png]




Equation 2-11
The numerical integration can be carried out as:
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Equation 2-12
With [image: image87.png]Apn = AcosBpAp,



. If this value is lower than the requirement, then the current emission is compliant. Proceed to the next emission and restart from 2.3 or go to the next band 2.2.

If this value is higher than the requirement, then the EUT is NOT compliant with the conformance test requirement.

3 Conclusion

The TRP measurement method presented in this contribution can be performed either in the near-field region or in the far-field region. 
The measurement method procedure starts with one measurement point and then successively increasing the number of spatial samples needed to pass the requirement level. Thereby, the overall measurement time can be conserved for a specific product design supporting the required frequency range for spurious emissions.

The method is based on available test ranges and can be used both for far-field and near-field measurements. What measurement distance to use can be selected to fit the desired OTA test facility over frequency in an optimal fashion. 
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