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1
Introduction

The 3GPP MIMO OTA harmonization activity has chosen the original Absolute Data Throughput Framework (ADTF) [1] as a means to characterize the radiated performance of the various MIMO OTA solutions.  This technique assumes that the CTIA reference antennas [2] are perfect and have not changed since being measured in 2011.  This assumption led to expectations that the pattern files could be used with conducted modeling to obtain a match to radiated performance within a fraction of a dB.  This assumption is optimistic and it must be reconsidered based on the data shown below.
2
Details
The CTIA reference antennas were originally measured by Satimo according to the orientation and geometry described in Figure 1 and Figure 2.
[image: image1.emf]
Figure 1: Satimo Measurement System showing device orientation
[image: image2.emf]
Figure 2: Coordinate Geometry
A recent paper in CTIA [3] compared the measured performance of the B13 reference antennas to the data files for the original Satimo measurements.  This will be referenced below as the “Satimo File” data.  It was shown that a very tight match was observed, although the nulls were not as accurately reproduced.  Also, these verification measurements were apparently made with a fairly unused set of reference antennas.  

One issue that was not mentioned in [3] is the apparent orientation reversal that is present in the B13 antenna.  The measured data is flipped from the diagram in Figure 1, since it is Antenna #2 that has its peak value at Phi=0 deg.  This is shown in Table 1.  Also, there is no flip in orientation for the B7 nominal antenna.
Table 1: Data from antenna files showing initial position and antenna closes to phi=0 deg
	
	Freq
	Phi
	Theta
	E(phi)
	E(theta)

	Ant1
	7.51E+08
	0
	1.570796
	-21.5559
	-4.62094

	Ant2
	7.51E+08
	0
	1.570796
	-19.2127
	1.623536

	
	
	
	
	
	

	Ant1
	2.66E+09
	0
	1.570796
	-3.07683
	1.340229

	Ant2
	2.66E+09
	0
	1.570796
	-8.09585
	-4.08152


Figure 3, further illustrates the orientation of the B13 antennas, for comparison with ref [3].
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Figure 3: B13 data illustrating the original Directivity pattern & device orientation
Figure 4 shows the original Satimo data for B7, that was distributed in CTIA back in 2011. These figures show data from the average of 4 units that were measured at the time.  A summary of this data is available [4][5] on the CTIA web site to member companies.
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Figure 4: B7 data illustrating the original Directivity pattern & device orientation
New measurements were taken to determine the performance of one of the existing B7 “Nominal” reference antennas to see how closely it matches to the original data published by Satimo.  These new measurements are shown in Figure 5.
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Figure 5: New Measurements for B7 Directivity pattern
To further evaluate the difference in the original and the new patterns, each component is shown separately below.
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Figure 6: Old & New Measurements for B7 E(theta) Directivity pattern
At some angles there are significant changes to the pattern, amounting to several dB, while at other angles the changes are minimal.  

Figure 7 illustrates the E(phi) results, which also show significant deviations.
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Figure 7: Old & New Measurements for B7 E(phi) Directivity pattern
The antenna efficiency for Ant 1 was very close to the original Satimo value, but the new measurements revealed a change in Ant 2.

	Data Set
	Antenna 1
	Antenna 2

	B7 Original Satimo File*
	66.9%
	66.7%

	B7 New Measurement
	66.3%
	86.6%


* SN01 Antenna in spreadsheet [4].
3
Conclusion
Based on the information provided herein, the following conclusions are presented.

-
ADTF assumes that the antenna patterns are ideal, however this is not a good assumption as shown by the above result.

-
It is understood that the reference antennas have had a significant amount of usage and in some cases transportation between multiple labs which could have impacted the performance of the reference antennas since they were manufactured and measured.

-
A single reference antenna (not the exact serial number utilized in the harmonization campaign) was measured and compared to previous data, which shows significant differences.  This could impact the average TP curves when comparing radiated and conducted ADTF as well as impacting per-angle results.
-
Additional work may be needed to be done to generate a new set of OTA results with a set of reference antennas. Either this would be done with the same set of reference antennas that were utilized in the harmonization campaign (same serial numbers) or with a set of newly measured reference antennas, and then attempt a match using the same device to compare the offset.
4
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