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1.	Introduction
During previous RAN4 meetings, for both NR and eAAS, we 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 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 method which is elaborated in this paper, has been introduced already and an overview of method described  both in NR and eAAS [1,2].  The proposed measurement method is based on a number of test points around the object, on a spherical grid, where power density of the electromagnetic field is evaluated. The measured values at these points are then integrated in order to obtain TRP. 
In theory, TRP implies making measurements around the whole sphere. In practice, measurements may be made on a more finite and sparse grid and potentially excluding some directions in which unwanted emissions will physically not radiate. For now it should be stressed that TRP does not necessarily need to be measured on a very fine grid around the whole sphere for capturing unwanted emissions which is discussed in detail in this paper. Also, the fine measurement grid might be needed only for the emissions which are identified to be close to the limits. A pre-scan procedure can also be considered, aiming to identify the important emissions before considering the TRP measurement. 
The main focus of this contribution is the description of the trade-off between the TRP error and number of measurement points in the spatial domain. In case the EUT is capable of narrow beamforming and beam-tracking, a method based on beam sweeping is also proposed to reduce the test time and improve the reliability of the method.
2. 	Definitions
The Standard Spherical Coordinate System for Antenna Measurements (SSCSAM) defined in [3] is used. 
	[image: ]

	Fig. 2-1. The SSCSAM with the device dimensions depth (d), width (w) and height (h).


The spherical and cylindrical diameters are calculated as

	               (1.2)

Some basic definitions and relations are given here for readability. The definitions Ref [4]. The far-field distance of an antenna is calculated as:
				 [image: ]				(1.3)
Here  is the wave length and D is the diameter of the radiating part of the antenna. To be on the safe side this means the entire mechanical dimensions, but in some cases such as horn antennas only the aperture of the antenna needs to be considered. If claiming smaller far field distance than the one calculated from mechanical dimensions, this needs to be verified by measurements. 
The TRP or the radiated power is simply the total power radiated by an antenna. The relevant power density entity for power radiating out of a surface is the component of the Poynting vector (Power flux vector) that is perpendicular to the surface. This entity is denoted power density. In the far field region, the power density is related to the magnitude of the tangential RMS electric field:
 				[image: ]			(1.4)
Simulations based on measured data has shown that this is a useful approximation for data points on a sphere that is separated only a few lengths from the EUT. For a separation of 3 wave lengths an error well below 5% has been found. This is FFS and and a reference will be included.
When measuring power density two partial results for two orthogonal polarizations needs to be added. These can be the theta and phi polarizations or any pair of orthogonal polarizations.
		[image: ] 	(1.5)
Equivalent Isotropic Radiated Power (EIRP) is defined only in the far field region, and is related to the power density a
					[image: ] 	(1.6)
Convergence is expected beyond the far-field distance (1.3). Beyond the far-field distance the power density and EIRP are related as
					[image: ]		(1.7)
The relation between Total Radiated Power (TRP) and power density is
					[image: ] 	(1.8)
r is the test distance, i.e. the radius of the measurement sphere, and the integration is over the full sphere. Any use of intervals to cover a full sphere can be, and is frequently, used as long as the sphere is covered exactly once. Due to energy conservation, TRP is independent of choice of test distance apart from measurement errors. If the measurement setup is calibrated for EIRP data, the expression 
					[image: ]	(1.9),
can be used. Note that this states that TRP is the full sphere average of EIRP. There are many ways to cover a full sphere and to calculate the above integrals that can be found in literature (e.g. any textbook on multi-dimensional analysis).
A major property of this method is to make a trade off between measurement time and accuracy of TRP estimation.  For each emission frequency, the reference angular steps are the required angular steps for accurate TRP assessment using a full sphere grid and with no grid-dependent error [5]:
					[image: ] 		(1.10)

The main assumption here is that reference angular steps  and  cannot be smaller than . The 15 degree steps follow from (1.10) whenever the diameter is less than four wave lengths.
A Sparsity Factor (SF) is used to describe the relation between the chosen grid and the reference grid (i.e. the grid defined by the reference angular steps). SF is utilized to quantify grid-related errors due to sparse sampling. By definition:
[image: ] 		(1.11)


3. 	Measurement setup
The proposed test method for measuring OTA unwanted emissions assumes usage of traditional test facilities, such as Compact Antenna Test Ranges (CATRs) or indoor Shielded Anechoic Chambers (SACs), see also [3].  In figure 3-1 an example test set up is shown. 

[image: ]
Figure 3-1: Example of test setup.

The test object is mounted on a positioner, see Figure 3-1. 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. The test distance must be: 1) larger than the far field distance of the measurement antenna, and 2) selected such that the EUT is illuminated by the Half Power Beam Width (HPBW) of the measurement antenna. To maximize the SNR and minimize the influence of reflections in the chamber, the test distance can be adjusted so that the HPBW of the measurement antenna just covers the EUT. The measured quantity is the power density of the electromagnetic field (or EIRP in case the test distance is larger than or equal to the far-field distance of the EUT). Two partial values of power density for two orthogonal linear polarizations shall be recorded and summed at each angular point of the measurement grid and for each frequency. An appropriate band reject filter can be used to protect the measurement receiver from the wanted signal. The Low Noise Amplifier (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. In this paper we primarily discuss the spherical grid, assuming that the turntable is designed for making full sphere measurements [3]. However, to also account for the case when the turntable can only be rotated in the horizontal plane, while elevation is adjusted manually, we consider the 2-cut or 3-cut orthogonal grid.

4. Test procedure for spurious emissions
The measurement procedure is the following
a) Calculate reference steps using (1.x)
b) Select appropriate measurement antenna and test distance, see Sec. 3.
c) For each emission frequency, select the grid type: full sphere or orthogonal cuts (see Appendix A, B)
d) For each emission frequency, set the grid spatial sampling step. 
1) If  , or if beam sweeping is used, set  
2) If  
If spherical grid is used:
i.  for TRP assessment with a margin, set  and . Calculate the sparsity factor (SF) using (1.11). When calculating reference steps the maximum frequency for the considered emission measurement shall be used.
ii. for error-free TRP assessment, set  and , corresponding to sparsity factor .
If orthogonal cuts are used, set  and . 
e) For each emission frequency, measure the total power density (1.5) on the selected grid.
f) For each emission frequency, calculate the TRPgrid from the measured power density values choosing suitable method as described in App A for full sphere grids and App B for orthogonal cuts and then add appropriate  from the table below in order to obtain the estimated value for the TRP:
				[image: ]



Table 4-1. TRP margins for spurious emissions

	Grid type:
	2-cuts
	3-cuts
	Full Sphere

	 (dB)
	2
	1.5
	


	Note
	
	
	SFmax corresponds to 

	These values are the results of a large statistical investigation that can be provided. The statistical confidence is 95%.



g) If the estimated TRP exceeds the limit and if it is possible to enhance the grid to reduce it, then repeat step b with new choices, and continue. 
Note: For the emissions at harmonics of the carrier the use of beam sweeping would be recommended due to the narrow beams of the emissions pattern that would be present when a fixed beam is transmitted. 

The steps of the method are described in the flow chart of Figure 4-1.  If the initial choices fail to give a compliant value of TRP new selections can made and the flow chart applied again.

[image: ]
Figure 4-1: Flow chart for spurious emissions.

5. Test procedure for in-band unwanted emissions (ACLR included)
Compared to the TX spurious emissions the in-band unwanted emissions are likely to experience the fairly similar beamforming pattern as the carrier. Due to this reason, it is easily predictable where the maximum of the emissions is going to be, hence the possibility to enhance the measurement method in order to achieve better accuracy (e.g. apply the pattern multiplication method in case when orthogonal cuts are chosen).
[bookmark: _Hlk506742598]
The measurement procedure is the following
a) For each emission frequency, select the grid type: full sphere or orthogonal cuts.
b) For each emission frequency, set the grid spatial sampling steps to the reference angular steps (1.10) or lower. 
· If beam sweeping is used the angular step can be set to a coarser value FFS. 
c) For each emission frequency, measure the total power density (1.5) on the selected grid. For each emission frequency, calculate the TRPgrid from the measured power density values choosing suitable method as described in Appendix A for full sphere grids and Appendix B for orthogonal cuts 
d) Apply pattern multiplication if permitted, see Appendix C.
e) In this case TRPest = TRPgrid. If TRPest exceeds the TRP limit and if it is possible to enhance the grid to reduce TRPgrid, then repeat the steps b) to d) 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. 
The steps of the method are described in the flow chart in Figure 5-1
[image: ]
Figure 5-1: Flow chart for inband unwanted emissions (including ACLR)
6. Fixed beam vs beam sweeping
Total test time for a certain emission is depending on two factors, one is the reference angular steps and the other one can be the number of antenna configurations that are going to be tested. We have noticed that the value of unwanted emissions TRP is depending on the beam position and the frequency of the emissions. This implies searching for the worst-case configuration (i.e. the beam position that corresponds to largest TRP for unwanted position) at every emission frequency. Moreover, this implies testing the EUT under static conditions while it will operate under dynamic conditions. To get a reliable test method with low risk to miss emissions we propose to use a beam sweeping test signal, see Appendix D.
[image: ]
Figure 6-1: Example of TRP dependence on used beam. The variation in TRP is caused by mutual coupling in this case.
The effect of using a beam sweeping test signal on the convergence of sparse sampling is shown in the figures below as the error in TRP vs. SF, for full sphere and two cuts grids. For both grids, beam sweeping will result in significantly smaller errors, especially if larger SF is considered. This reduction in the number of samples, combined with the fact that only one configuration must be tested, will significantly reduce the total testing time and complexity. Regarding the 2-cut grid, it is noteworthy that the individual beams can lead to large error, while the beam scanning average leads to an overestimation error of around 2 dB regardless of SF. These results are obtained by simulations, but been verified by real lab measurements.
[image: ]
Figure 6-2: An example of TRP accuracy vs Sparse sampling when a fixed beam or a beam sweeping is used. The upper figure is based on full sphere sampling and the lower on a two cut grid. The right side of the gray background rectangle corresponds to angular step of 15 deg.

7.	Conclusions and future work
In this contribution a more comprehensive measurement method for TRP has been introduced. The main feature is the trade-off between number of measurement points on the spherical grid and the error in estimating the TRP. The method offers flexibility but also reduced testing complexity and time as if the number of measurement points is too large, this would lead to an excessive test time. The benefits of using beam sweeping is also discussed in detail which is to spread out the pattern of unwanted emission so a more course grid can be used.
We will further discuss this method in the coming meetings.
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A 	Full sphere grid
The contribution to the TRP from a spherical grid is calculated by a numerical integration of (1.6) using power density values.  The following formula can be used

[image: ]	(A.1)
For the case when far-field conditions are fulfilled EIRP is used
[image: ]	(A.2)
Other grid point distributions on the sphere can of course be used with proper discretization.
	[image: ]

	Figure A-1: Full sphere grid using fixed steps in  and .



B 	Orthogonal cuts
Use this method to calculate TRP if the grid type chosen 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 service area of the EUT if applicable. Let  be the  angle at the center of the service area and  be the azimuth angle at the center of the service area. If the service area is omni-directional . If the service area is not declared the angles  and  area defined by the nominal peak direction of the main beam in the operating band. If emissions are measured in adjacent bands, then  and  is the direction of maximum emissions.
The first mandatory cut is a planar, or conical cut, defined by  and  with  given by the overall TRP algorithm.
The second mandatory cut is a vertical cut defined by  and  with  given by the overall algorithm.
The third optional cut is a vertical cut at  and  with  given by the overall algorithm.
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: First the contributions from each cut is calculated as
[image: ]	(B.1)
or if EIRP values are used
[image: ]		(B.2)
Here, overlining denotes angular average value in the cut. The final contribution for all cuts are calculated as
[image: ]		(B.3)
Where N is the number of cuts. 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 3: 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.




C 	Pattern multiplication
Pattern multiplication can only be used in adjacent bands and is a post-processing step that can be applied to two-cuts data and if . 
The following requirements are mandatory
0. The vertical cut is taken in the  -plane, i.e., 
i. The frequency of the emission is in an adjacent band. 
ii. The bandwidth of the emission is the same as the bandwidth of the in-band modulated signal
iii. The emission changes significantly when the Tx power is turned on or off.
iv. The antenna arrays of the EUT
1. Have rectangular grids of antenna element positions
2. Have symmetry planes that are vertical and horizontal.
3. Have parallel antenna planes 
Two cuts cut data as processed in Appendix B gives a conservative TRP estimate. 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 
					 [image: ]		(C.1)
holds for the forward hemisphere data. The remaining data correspond to the backward hemisphere. The uv-coordinates are defined as
					[image: ]	(C.2)
for each hemisphere. The inverse relation reads 
					[image: ] 	(C.3)
Only the points in the circular disc  , a.k.a. the visible region, contribute to the TRP. 
The pattern multiplication is used to calculate power density values outside the two cardinal cuts as
					[image: ] 	(C.4)
The TRP is then calculated as
	[image: ] (C.5)
Note: If [image: ], points near u=1 and u=-1 needs to be calculated using extrapolation. The closest power density values shall be used for extrapolation.
Tips: To avoid the numerical singularity and restrict the integration to the unit disc in uv-plane, the following coordinates can be used
					[image: ]		(C.6)
The infinitesimal solid angle changes of the integration changes as
					[image: ] 	(C.7)
D 	Beam sweeping test signal
The beam of the AAS BS shall be swept between the declared maximum beam positions during one beam sweep period (BSP). The beam switching time between beams must be at least as short as used in real operation.
The needed angular step when using beam sweeping is FFS.
Each angular position must be kept for the minimum duration of one BSP. It is recommended to keep the angular position for as many BSPs as practically possible. The recorded power values shall be compensated for the used duty cycle of the transmitter.  Information on how to trigger the test signal, as well as the total transmitter BSP shall be supplied by the manufacturer.
During the measurement process the average of the radiated power flux from different beam setups are measured at each measurement point. This averaging match well with the fact that TRP is a spatial average of the measured values at different directions. If instead maximum value is to be recorded for each point during the beam-sweeping, the resulting TRP estimate will be an overestimate by a wide margin. 
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