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1.	Introduction
During previous RAN4 meetings, both NR and eAAS have discussed a new test method for practical testing TRP for unwanted emissions. Testing OTA unwanted emission requirements will require new test approach to be adopted or available to minimize complexity and test time while still ensuring an accurate TRP measurement.  Aspects such as measurement distance and spatial measurement grids need to be considered and are fundamental to all test methods.
The following method has been introduced briefly in the past both in NR and eAAS [1,2].  With inputs and offline discussions with other companies the test method has been updated and now described in this contribution. The main difference is the introduction of the trade-off between the TRP error and number of measurement points around the sphere or the orthogonal cuts. In this way we avoid the need for aligning the orthogonal cuts with the direction of maximum radiation and consider instead a certain error margin in the measurement.
2.	Discussion
The test method for measuring OTA unwanted emissions is based upon traditional test facilities, such as CATR or indoor anechoic chambers or any shielded anechoic chamber.  In figure 2-1 an example test set up is shown.  The general procedure can be seen in figure 2-2.  

In figure 2-1 as an example illustration, the measurement antenna is placed in the chamber at a distance corresponding to an acceptable SNR level for the measurement receiver per RF requirement.  Some requirements do not require a far field measurement such as out of band unwanted emissions where signal strength is expected to be low and figure of merit is using TRP.


[image: ]
Figure 2-1: Test setup


To avoid measurement chamber influence on the result, use of a Shielded Anechoic Chamber (ShAC) is preferable. The test object is mounted on a positioner, see Figure 1. The positioner is used to move the test object according to the sampling grid. A measurement antenna is placed in the chamber at a suitable distance, see 6.6.3.5. The measured quantity is the EIRP. Two partial values of EIRP for two orthogonal linear polarizations shall be recorded and summed at each angular point of the EUT for each frequency. An appropriate band reject filter can be used to protect the measurement receiver from the wanted signal. The LNA can be used to increase the dynamic range for the measurement receiver.

Procedures for TRP measurements require grid selection which comprises of choosing appropriate measurement (i) grid spatial sampling step and (ii) grid type based on various EUT design factors and test chamber equipment. The following steps shall be taken for grid selection:
1. Measure the device dimensions, i.e., depth (), width (), and height () see Figure 1.
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Figure 2-2. Spherical coordinates and device dimensions.

1. Calculate the spherical and cylindrical diameters ( and ) as
       
	  	 (2)

1. For each emission frequency, calculate the reference angular step for each emission frequency using (1), (2) and the wavelength 
         (3)
       (4)
 and  are defined as the minimum of  and the value calculated based on the device dimensions. This is to ensure that the sampling step is not larger than . These reference values are the required angular steps for accurate TRP assessment with no grid-dependent error.
1. For each emission frequency, select the grid type: full sphere or orthogonal cuts.
1. For each emission frequency, set the grid spatial sampling step. These choices are based on, e.g. the available turn-table and its accuracy, and the measurement time.
4. If   set  and .
4. If orthogonal cuts are used, set  and .
4. If spherical grid is used:
2.  for error-free TRP assessment, set  and , corresponding to sparsity factor .
2. for TRP assessment with a margin, set  and . Calculate the sparsity factor for later use, as
                   (5)
1. For each emission frequency, measure the EIRP on the selected grid. At each point on the grid: two orthogonal polarizations must be measured and the powers summed to find the EIRP., i.e., .
1. For each emission frequency, calculate the TRP(fn) from the measured EIRP values choosing suitable method as described in sections 6.6.4.3.1 to 6.6.4.3.4.
1. For each emission frequency, add the appropriate  to the calculated average value per equation (6) and table I. The  value is based on the sparsity factor, size of the device and the type of the grid. For large devices and full sphere grid 
                  (6)
1. If the TRP limit is exceeded and if it is possible to enhance the grid to reduce , then repeat steps d) to i) with a new grid selection. The grid may be enhanced either by, adding an optional orthogonal cut, or using a full sphere grid or measuring additional sampling points. 
Note: Steps c) to i) are repeated for each emission frequency as they are dependent on the emission frequency being measured.
Table I – Preliminary - The parameters required to determine  based on the EUT size and grid choice. In the case  dense  grids are mandatory. The values in the second column are based on field sources with low correlation and are typical for out-of-band emissions. The third column corresponds to in-band or adjacent band emissions with high correlation.
	Grid type
	
	
(uncorrelated emission)
	
(correlated emission)

	Full-sphere

	
	
	

	Two orthogonal cuts
	
	
	 (because it is possible to align the cuts with direction of maxim radiation)




The steps of the method are described in the flow chart in Figure 2-2.
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Figure 2-3: Flow chart of test procedure

TRP using full sphere measurement in far field
Use this method to calculate TRP if the grid type chosen in step (d) above is full sphere. The TRP of the emissions using this method is calculated over the sphere using multiple EIRP measurements and taking into account error  and can be represented as follows:
       (7)
Here, the angular steps  and  are angular steps determined in step (e) of section 6.6.4.3. 
Note: Select angular ranges which cover a whole sphere, e.g. ,  or alternatively ,  However, ,  will only cover the upper hemisphere twice.
An efficient way to measure a full sphere is to use continuously sliding  and  angles to trace out a spiral on the spherical measurement sphere. The angular speeds must then be adjusted to give correct angular steps in both directions. In this case appropriate averaging weights must be applied to calculate the TRP
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 Figure 2-4: Full sphere grid using fixed steps in  and  and a weighting factor  in the TRP calculation to compensate for denser sampling near the z-axis.
TRP using orthogonal cuts in far field
Use this method to calculate TRP if the grid type chosen in step (e) above is orthogonal cuts. In this method, at least two cuts (default) shall be used, an optional third cut can be added if needed. The alignment of the cuts must be according to the coverage area of the EUT:
1. If the EUT has a omnidirectional coverage in one plane, one cut must be chosen through this plane.
1. If the EUT has a well-defined angular coverage area, the first two cuts shall pass through the angular center of the service area.
1. If the EUT has no well-defined angular coverage area, the cuts shall be chosen according to the geometry of the EUT.
Once the number and the orientation of the cuts are decided, the total EIRP is measured on the orthogonal cuts and the TRP is then calculated as follows:
        (8)
where  for  are the total EIRP in each cut, and the bar denotes angular average value calculated from each cut. The number N = 2 (default) or 3 and is the number of cuts used. Note that when orthogonal cuts are measured, the intersection points are measured multiple times and the repeated values can be removed from the samples before averaging.
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Figure 2-5: Example of orthogonal cuts geometry when the EUT service area is centered around the x-axis. Two mandatory cuts grid (left) and the optional added third cut (right). The first two cuts are generated by rotating the EUT around its z-axis and y-axis, respectively, and the optional third cut is generated by rotating the EUT around its x-axis.

TRP using pattern multiplication (conditional) in far field

Pattern multiplication can only be used if all conditions below are met, and if the grid type chosen is “two orthogonal cuts”:
0. The frequency of the emission is close to the operating band. 
0. The bandwidth of the emission is comparable with the modulated signal
0. The emission changes significantly when the Tx power is turned on or off.
0. The antenna arrays of the EUT
3. Have rectangular grids of antenna element positions
3. Have symmetry planes that are vertical and horizontal.
3. Have parallel antenna planes 
The pattern multiplication method uses the data of two orthogonal cuts. Here, a less conservative estimate is used based on the possibility to calculate the antenna array factor as a product of two terms, corresponding to the two cuts. 
The antenna array is here assumed to be placed in the yz-plane. The pattern multiplication is performed in uv-coordinates and the data in the two cuts are denoted  at and a vertical cut with data  at . The data is split in two parts corresponding to the forward and backward hemisphere, where the relation 
                              (9)
holds for the forward hemisphere data. The remaining data correspond to the backward hemisphere. UV-coordinates are defined as
                           (10)
for each hemisphere. The data is extrapolated to the uv-plane using the formula
 (11)
The TRP is calculated as
]        (12)
Where the forward (fwd) and backward (bwd) contributions are defined in Eq. (9). Here is the infinitesimal solid angle at the point . Note that only points on the unit disc will contribute. 

3.	Conclusion
In this conttribution a new and more comprehensive TRP test method has been presented and can be used in both the the far-field region, but also in near-field with some limitations that we will discuss at a later time. The main feature is the trade-off between number of measurement points on the grid and the error in estimating the TRP. The method offers flexibility from this perspective, allowing less measurements for devices that afford a larger error margin. 
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