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Introduction	
The MIMO 2X2 Reference Antennas were conceived during the first CTIA MOSG (MIMO OTA Sub-Group) meeting and initially were designed to cover three LTE Bands (2,7, and 13). Targeting an simple and inexpensive solution, conceptually three antennas were designed to emulate: Good, Nominal, and Bad MIMO antenna system. 
Total of 147 antennas, devided in 21 kits of 7 antennas each were manufactured by SATIMO. 
In response to the question raised on document [2], the data collected on the first lot of CTIA MIMO 2x2 reference antennas had been compiled. The objective with this contribution is providing guidance regarding the proper utilization of these antennas in future measurement campaigns. 
Reference Antennas Topology
The industrial prototype is shown in Figure 1:
[image: ][image: ][image: Picture2.png][image: IMG_1797][image: IMG_1794]
Figure 1. Industrial prototype

The RF enclosure eliminates the need for RF choke between the reference antennas and device under test RF ports.

Antenna Measurements
A total of 147 PCBs have been manufactured. The total has been divided in kits with each kit comprising of the following:
· 3 Configurations (Good, Nominal, Bad) for BAND 13
· 2 Configurations (Good, Nominal) for BAND 2
· 2 Configurations (Good, Nominal) for BAND 7
[S] parameters such as return loss [S11; S22] and isolation [S21] have been measured on 10 kits (70 antennas) while MIMO system FoM such as Efficiency, Gain Imbalance and Correlation Coefficient have been measured on 4 kits (28 antennas). Goal was also to define a set of typical data which can be used by the labs as reference.
Measurements set up
In figure 2 the measurement set up is reported. A SATIMO SL 15 has been used for the antenna measurements. A 6dB pad has been connected to the active antenna element while the other was terminated on a 50Ohm load:

Figure 2. Antenna Measurements set up
Measurement Results
[S] parameters
In Figure 3 to 5 the [S] parameters are reported for each frequency band and configuration:





Figure 3. BAND 13

Figure 4. BAND 2






Figure 5. BAND 7
Antenna Analysis using SATIMO Insight SW tool
Before starting any measurements an anlaysis of the current distributions on the PCB for the case of BAND13 both Good, and Bad antennas configuration has been performed. In Figure 6 to 8 the results has been reported:

Figure 6. SATIMO Insight SW tool interface

Figure 7. Current distribution comparison between Good, and Bad configuration – Antenna 1

Figure 8. Current distribution comparison between Good, and Bad configuration – Antenna 2

Radiation Patterns
Azimuth (Theta=-90°) and Elevation (Phi=0, and 90°) cuts for the directivity measurements are shown from Figure 9 through 11 for each frequency band and antenna configuration.


Figure 9. BAND 13 – Azimuth and Elevation cuts

Figure 10. BAND 2 – Azimuth and Elevation cuts

Figure 11. BAND 7 – Azimuth and Elevation cuts









MIMO Antenna system FoM
In Figure 12 the Directivity and Efficiency of each antenna in the BAND 13 is reported:

Figure 12. BAND 13 – Directivity and Efficiency comparison
In figure 13 the Gain Imbalance and magnitude of Correlation Coefficient for BAND 13 is reported:

Figure 13. BAND 13 – Gain Imbalance and Magnitude of Correlation Coefficient comparison

Figure 14. BAND 2 – Directivity and Efficiency Comparison

Figure 15. BAND 2 – Gain Imbalance and Magnitude of Correlation Coefficeint comparison


Figure 16. BAND 7 – Directivity and Efficiency comparison

Figure 17. BAND 7 – Gain Imbalance and Magnitude of Correlation Coefficient comparison

Data Analysis Typical Data 
Standard deviation has been computed for each antenna configuration and for the following antenna’s parameters:
· Efficiency and Directivity of each antenna
· Gain Imbalance
· Magnitude of Correlation Coefficient
In  Table 1 the computed Stdev are reported:
	STDEV
	BAND 13
	x
	BAND 2
	x
	BAND 7 

	 
	Good 
	Nominal
	Bad
	 
	Good
	Nominal
	 
	Good
	Nominal

	Efficiency Antenna 1 [dB]
	0.036
	0.052
	0.01
	 
	0.053
	0.02
	 
	0.046
	0.043

	Efficiency Antenna 2 [dB]
	0.028
	0.045
	0.033
	 
	0.06
	0.097
	 
	0.049
	0.032

	Dir Antenna 1 [dB]
	0.18
	0.585
	0.067
	 
	0.134
	0.037
	 
	0.042
	0.032

	Dir Antenna 2 [dB]
	0.065
	0.528
	0.027
	 
	0.243
	0.129
	 
	0.021
	0.175

	Gain Imbalance [dB]
	0.117
	0.127
	0.192
	 
	0.449
	0.39
	 
	0.085
	0.267

	Mag. Corr. Coeff
	0.01
	0.031
	0.04
	 
	0.043
	0.03
	 
	0.012
	0.014



Typical data for each antenna system configuration are reported as average of each measured sample.
Typical Data
BAND 13
In figure 18 the typical data for efficiency, gain imbalance and mag. Corr. Coeff are highlighted:

Figure 18. BAND 13 – Typical data










BAND 2

Figure 19. BAND 2 – Typical Data



















BAND 7

Figure 20. BAND 7 – Typical Data
Conclusion
Data results show good repeatability of the manufacturing process. Each lab can use their MIMO 2x2 reference antennas for the upcoming CTIA testing campaign. Typical Data for Directivity, Efficiency, Gain Imbalance and Magnitude of Correlation Coefficient will be provided to the labs to be used as reference.
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