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Introduction
This contribution discusses the implications of electrical switching between different feed antennas in an IFF system to measure the TRP of spurious emission. This contribution augments a previous contribution [1] with MU analyses of measurement grids similar to that in [2] and shows that the small offsets of the spurious emissions measurement antenna has no adverse effect on the ‘Influence of TRP measurement’ MU element.
Discussion
TR38.903 [3] has outlined two scenarios for multiple measurement antennas when performing spurious emission measurements, i.e., the mechanical and electrical switching of antennas [3]. This concept is illustrated schematically in Figure 1 for an IFF system with two separate measurement antennas: one measurement antenna for in-band measurements (illustrated in red) and one measurement antenna for the spurious emission domain (illustrated in blue). For the mechanical switching approach, the fixture holding both antennas (shown in grey) is adjusted mechanically via a sliding positioner to move the respective antenna used for testing into the focal point of the reflector. The disadvantages of this approach are the cable flexing impact on the measurement uncertainty for in-band and spurious measurements [4] as well as the added system complexity and cost for the positioner to move the antennas mechanically. On the other hand, the quality of quiet zone for the spurious emissions is optimized since the respective antenna is placed in the focal point. Alternatively, the electrical switching approach has the in-band and the spurious emissions antennas placed at fixed positions, e.g., the in-band antenna in the focal point and the spurious emissions antenna displaced from the focal point but still in close proximity. The advantages of this approach are that no cables are flexed and no additional positioner is needed. On the other hand, the quality of quiet zone for the antennas offset from the focal point would be degraded but based on simulations and empirical results, the degradation is almost insignificant. 

[image: image1]
Figure 1: Schematic Illustration of the electrical vs mechanical switching of measurement antennas

An example of an IFF system with multiple measurement antennas is illustrated in Figure 2 with the in-band antenna (red) in the focal point of the reflector and the spurious emissions TRP measurement antenna (blue) next to it and displaced from the focal point. 

[image: image2]
Figure 2: Illustration of multiple measurement antennas in an IFF system (based on CATR)

Since the in-band antenna is placed in the focal point, the positioner/motor coordinates match the system coordinate grid points. For instance, as illustrated in Figure 3, the system coordinate grid points for the in-band antenna match the motor/positioner coordinates when sampled every 15o in elevation and in azimuth.

[image: image3.png]
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Figure 3: Illustration of the grid points with the in-band measurement antenna (placed in the focal point of reflector) when the motor/positioner coordinates are sampled every 15o in elevation and azimuth

A slightly different behaviour can be observed for the spurious emissions antenna displaced from the focal point. The motor/positioner coordinates no longer correspond to the system coordinates on the measurement grid. As illustrated in Figure 4, the displacement of the measurement antenna from the focal point corresponds to an offset in elevation (theta) of 4o (used as an example), i.e., while azimuth grid point locations match the positioner/motor coordinates in azimuth, each elevation grid point coordinate is shifted down by 4o.
Observation 1: Antennas shifted away from the focal point will result in a shift of system coordinates when compared to antennas placed at the focal point. 
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Figure 4:Illustration of the grid points with the spurious emissions measurement antenna (displaced from the focal point) when the motor/positioner coordinates are sampled every 15o in elevation and azimuth

While the grid locations for antennas displaced from the focal point could be corrected by mechanical adjustments of the positioner, this is undesirable when broadband EIRP sweeps are performed in a sequential fashion, e.g., an EIRP sweep over the frequency range covered by the in-band antenna followed directly by an EIRP sweep over the frequency range covered by the spurious emissions antenna. A repositioning/adjustment of system coordinates between EIRP sweeps is not desirable as it results in an increase in test time. 
Observation 2: Repositioning/adjustment of system coordinates during broadband EIRP sweeps is undesirable due to a resulting increase in test time. 

Since EIRP measurements with the spurious emissions measurement antenna are used to determine the Total Radiated Power (TRP), measurements at elevations displaced from the typical elevation (theta) samples starting from 0o cannot be integrated with the sin(theta) and Clenshaw-Curtis quadratures [5] anymore. It is therefore proposed to allow measurements to be interpolated to the non-offset system coordinate system that allows the use of Clenshaw-Curtis quadratures or to allow the use of advanced quadratures, e.g., based on the Jacobian matrix approach [6] that use triangulations of the sphere. 
MU Analyses

MU analyses were performed for various antenna assumptions. Table 1 through Table 3 outline the adapted equations and parameters from [3] that are used to simulate the UE antenna patterns for in-band measurements and spurious emissions measurements. The relative orientation of the simulated antenna array and the measurement grid is altered randomly and the standard deviation between TRPs for each measurement grid is derived from a set of 50000 random orientations.
Table 1: Single Antenna Element Radiation Pattern

	Antenna element horizontal radiation pattern
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	Horizontal half-power beamwidth of single element
	HPBWH

	Antenna element vertical radiation pattern
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	Vertical half-power beamwidth of single array element 
	HPBWV

	Array element radiation pattern
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	Element gain without antenna losses
	GE,max = 1.5 dBi


Table 2: Composite Antenna Array Radiation Pattern

	Composite array radiation pattern in dB 
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the super position vector is given by:
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the weighting is given by:
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	Antenna array configuration (Row×Column)
	NH × NV

	Horizontal radiating element spacing 
	dh/λ

	Vertical radiating element spacing 
	dv/λ


Table 3: Antenna Parameters
	
	1st harmonic
	2nd harmonic
	Non-harmonic region

	NH x NV
	8 x 2
	8 x 2
	1 x 1

	HPBWH [o]
	260
	260
	90

	HPBWV [o]
	130
	130
	90

	d/λ = dH/λ = dV/λ
	0.5
	1
	0.5


The three different antenna patterns are plotted in Figure 5 through Figure 7.
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Figure 5: Antenna Pattern for the fundamental/1st harmonic
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Figure 6: Antenna Pattern for the 2nd harmonic
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Figure 7: Antenna Pattern for the non-harmonic region

For the 2nd harmonic region, two different constant step size measurement grids were used, i.e., one with a 15o and one with a 10o step size while for the non-harmonic region, three different constant step size grids were used, i.e., 30o, 45o, and 60o step sizes. The standard deviations are shown in Figure 5-Figure 10 for two different quadratures, i.e., the classical sin(theta) approach as well as the Clenshaw-Curtis approach, as well as the Jacobian TRP integration approach. For the sin(theta) and the Clenshaw-Curtis approaches, the grid points shown in blue Figure 4 were linearly interpolated to the grid points shown in red in Figure 3, e.g., Matlab code
P(:,i)=interp1(theta_offset,P_offset(:,i),theta);
No interpolation was necessary for the Jacobian integration approach as it can handle irregularly spaced grid points. The offset angle was varied between 0o (conventional grid) and 6o which corresponds to a max separation of ~10cm between antennas (assuming a 1m focal point distance).
The standard deviations shown in the figures clearly show that the MU does not suffer from the electrical switching approach. In many instances, the standard deviation even improves which seems counter intuitive. However, the measurement grid with an offset angle is increasing the number of unique measurement points as outlined in Table 4 which generally leads to improved MU. The measurement grids with an offset angle yield a finer resolution of grid points near the poles which were found to improve the accuracy of the TRPs even when interpolated to the conventional grid points, especially for the simulations that had the beam peak directed towards the pole.
Table 4: Number of unique measurement points

	Step Size [o]
	Unique Grid Points

	
	No Offset
	With Offset

	10
	614
	684

	15
	266
	312

	30
	62
	84

	45
	26
	40

	60
	14
	24



[image: image17]
Figure 5: Standard deviation for antenna assumption at the 2nd harmonic for constant step size grid with ==15o

[image: image18]
Figure 6: Standard deviation for antenna assumption at the 2nd harmonic for constant step size grid with ==10o

[image: image19]
Figure 7: Standard deviation for antenna assumption at the 1st harmonic for constant step size grid with ==15o

[image: image20]
Figure 8: Standard deviation for antenna assumption for the non-harmonic region for constant step size grid with ==30o

[image: image21]
Figure 9: Standard deviation for antenna assumption for the non-harmonic region for constant step size grid with ==45o

[image: image22]
Figure 10: Standard deviation for antenna assumption for the non-harmonic region for constant step size grid with ==60o
Observation 3: The standard deviation ‘Influence of TRP measurement’ does not increase with the spurious emissions measurement antenna displaced from the focal point.
Proposal 1: For spurious emissions TRP measurements with measurement antennas displaced from the focal point (based on electrical switching), allow measurements to be interpolated to the non-offset system coordinate system that allows the use of Clenshaw-Curtis quadratures or to allow the use of advanced quadratures, e.g., based on the Jacobian matrix approach that use triangulations of the sphere. 
Conclusion
The following observations and proposals were made in this contribution
Observation 1: Antennas shifted away from the focal point will result in a shift of system coordinates when compared to antennas placed at the focal point.
Observation 2: Repositioning/adjustment of system coordinates during broadband EIRP sweeps is undesirable due to a resulting increase in test time. 
Observation 3: The standard deviation ‘Influence of TRP measurement’ does not increase with the spurious emissions measurement antenna displaced from the focal point.
Proposal 1: For spurious emissions TRP measurements with measurement antennas displaced from the focal point (based on electrical switching), allow measurements to be interpolated to the non-offset system coordinate system that allows the use of Clenshaw-Curtis quadratures or to allow the use of advanced quadratures, e.g., based on the Jacobian matrix approach that use triangulations of the sphere.
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