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1. Introduction 

 MIMO OTA test methodology has been studied in several different organizations, often the 
antenna figure of merit is pointed as valuable resource to address MIMO radiated performance. 
Independently to the fact that antenna system characterization is crucial to access MIMO 
performance, this study will demonstrate that the method to gather antenna data from DUT, can be a 
source of uncertainty on its own. Depending on the characteristics of the DUT being investigated, 
form factor, antenna placement, antenna topology, ground structure and even matching network, 
can poses multiple sources of uncertainty on this approach.  

2. Test setup 

 The DUT adopted in this study is a Band 13 (DL 746~756MHz, UL 777~787MHz), USB 
dongle (figure 1a), measuring 110x35x18mm, where the main PIFA (2.5cc volume) is allocated at 
the top of the dongle facing the 90° pivoting USB connector, and the secondary; also called 
Diversity; PIFA (2cc volume) is allocated back-to-back with main antenna facing the opposite side 
of USB connector. Between both antennas there’s a reference ground plane. 
 The test setup is a SISO 5m full anechoic chamber with spherical scanning, the DUT 
antenna system was always positioned in the center of the chamber guided by a LASER system, the 
antenna under test was connected to VNA port through floor cable and frequency dependent 
decoupling sleeves, while the other antenna was terminated at 50Ω. In all measurements the main 
antenna is facing the azimuth 0°. 
 
 The DUT was evaluated in three different scenarios as described on figure 1. 
 

 

       
 
 
 
 
 
 
 
 
 
          Figure 1a. Free Space            1b. Laptop Side                    1c. Laptop Back                1d. Cable Extended                           
 
 Baseline measurements were taken with LTE band 13 USB dongle in Free Space (1a.), 
with dongle assembled on the right side of generic Laptop (1b.), with dongle assembled on the 
back of the generic laptop (1c.), and ultimately with dongle connected to the generic laptop 
through a 1.8m regular USB cable (1d). 
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3. DUT probing 
 
 One very important aspect of DUT preparation for data gathering is the antenna probing. 
Since the antenna system is simulated in an ideal environment, to proper correlate simulations to 
measurements, the DUT must be prepared to minimize the real environment sources of 
inaccuracy and uncertainty.  

An arbitrarily placement of coaxial cable probing antenna system, may altered its 
impedance characteristic, isolation between antennas and perturb the radiation and system 
efficiency due coupling with foreign ground structure, i.e. coaxial cable probing. 

To minimize this effect, using a mature simulation model of the DUT, an electrical field 
scanning needs to be performed to guide the coaxial cable routing on DUT. The Figure 2 
demonstrate how this simulation results can proper guide the antenna probing, towards a more 
accurate and reliable representation of DUT radiation performance. 

 
 

 
 
  
  
 
 
 
 
 
 
 
 
 
 

Figure 2 
 
 As presented on figure 2, electric field simulation results provides a valuable insight in 
how proper probe the antenna on DUT, demonstrating the technique on DUT main antenna. 
Similar methodology was used to guide the secondary antenna probing.  
 
4. Antenna System Figure of Merit 
4.1. Return Loss and Characteristic Impedance  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 
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As shown on figure 3, the doted line indicates the Return Loss of main antenna while measured in 
all embodiments described on Figure 1, the solid line indicates the secondary antenna Return Loss. 
Both antennas have adequate bandwidth, Characteristic Impedance (figure 4) therefore adequate 
mismatch loss in all measurement conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 
 
4.2 Isolation between Antennas 
 
 In any antenna system with two or more antennas is desirable to increase the isolation 
between antennas as much as possible, however limiting factors such as, electrically small form 
factors, antenna placement, ground structure, antenna topology can be detrimental. In MIMO 
antenna systems, where both antennas are tuned within the same frequency band, higher isolation 
between antennas is even more desirable to avoid degradation of radiated performance due 
coupling between antennas. In this study where the chosen DUT antenna system is tuned at LTE 
band 13 (DL 746~756MHz, UL 777~787MHz), the impact of isolation between antennas is 
evident due its wavelength and electrically small size of the DUT. 
 The DUT chosen for this study has relatively ordinary planar antennas, which shares the 
same ground plane where both antennas are excite against, therefore resulting in poor isolation 
between antennas. 
 As shown in the figure 5, the isolation between antennas is basically immune by the test 
environment, having the least isolation around 5dB in all test modes described on figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5 

freq (746.0MHz to 787.0MHz)

700 750 800650 850

-20

-15

-10

-5

-25

0

freq, MHz



  Page  4  

 
 
4.3. Antenna System Efficiency 
 
 Defined as Antenna Radiation Efficiency minus the mismatch loss. The figure 6 indicates 
the DUT antenna System Efficiency in all test modes described on Figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 
4.4. Gain Imbalance 
 

Sometimes also called Branch Power Ratio (BPR), Gain Imbalance is defined as the time 
averaged power received at branch number n, relative to the power received at branch number m: 
 

                                                                                                                                                       (1) 

Where n is not equal to m for any two branches. If they are equal the BPR is always 0dB. For a mobile with two 
branches, there is only one combination (i.e. m=1 and n=2) so one single BPR. The figure 7 bellow indicates the DUT 
gain imbalance in all test modes defined on figure 1.  

 

 

 

 

 

 

 

 

                                                                              Figure 7
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4.5 Radiation Pattern 

The radiation pattern is a graphical depiction of the relative field strength transmitted from 
or received by the antenna. Antenna radiation patterns are taken at one frequency, one polarization, 
and one plane cut. The patterns are usually presented in polar form with a dB strength scale. 
Patterns are normalized to the maximum graph value 0 dB. 
 In this study a sub-set of all test modes radiation patterns will be presented, focusing on the Down 
Link centre frequency 751MHz; since all others down link frequencies has similar behaviour; for 
better understanding of correlation between radiation pattern and correlation coefficient, the 
radiation pattern of each antenna will be decomposed in vertical (V) and horizontal (H) 
polarizations. 

 

 

 

 

 

 

 

 

              

                      Free Space Main Antenna V Pol.  8a                             Free Space 2nd Antenna V Pol.  8b 

 

 

 

 

 

 

 

 

              

                        Free Space Main Antenna H Pol.  8c                            Free Space 2nd Antenna H Pol.  8d 

                          Figure 8, Main and secondary antenna Free Space Polar Azimuth Radiation Pattern 
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                              Laptop Side Main Antenna V Pol.  9a            Laptop Side 2nd Antenna V Pol.  9b 

 

 

 

 

 

                      

                            Laptop Side Main Antenna H Pol.  9c                Laptop Side 2nd Antenna H Pol.  9d 

 

 

 

 

 

 

                               Laptop Back Main Antenna V Pol.  9e           Laptop Back 2nd Antenna V Pol.  9f 

 

 

 

 

 

 

                               Laptop Back Main Antenna H Pol.  9g           Laptop Back 2nd Antenna H Pol.  9h 
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                             Laptop Cable, Main Antenna V Pol.  9i            Laptop Cable, 2nd Antenna V Pol.  9j 

                                        

                               Laptop Cable, Main Antenna H Pol.  9k          Laptop Cable, 2nd Antenna H Pol.  9l 

          The Radiation Pattern can also be expressed in the 3D format, as shown on figure 10 

        

                        Free Space, Main Antenna V Pol.  10a                            Free Space, 2nd Antenna V Pol.  10 
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                        Free Space, Main Antenna H Pol.  10c                 Free Space, 2nd Antenna H Pol.  10d 

                                 

                          Laptop Side, Main Antenna V Pol.  10e            Laptop Side, 2nd Antenna V Pol.  10f 

                                  

                           Laptop Side, Main Antenna H Pol.  10g             Laptop Side, 2nd Antenna H Pol.  10h 

                                       

                             Laptop Back, Main Antenna V Pol.  10i           Laptop Back, 2nd Antenna V Pol.  10j 
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                                 Laptop Back, Main Antenna H Pol.  10k              Laptop Back, 2nd Antenna H Pol.  10l 

                             

                                Laptop Cable, Main Antenna V Pol.  10m          Laptop Cable, 2nd Antenna V Pol.  10n 

                      

                             Laptop Cable, Main Antenna H Pol.  10o              Laptop Cable, 2nd Antenna H Pol.  10p 
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4.6 Correlation Coefficient 

 

    Diverse publications have different notations and names adopted for correlation, although 
in general there are three related types of correlation:          

i. Magnitude of Complex Correlation Coefficient (2) 
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ii. Envelope Correlation Coefficient, which is the correlation between two signal envelopes 
without considering the phase difference between them, since the phase isn’t considered with the 
square envelope is always real. In a Rayleigh fading environment is considered that an independent 
Gaussian sources the envelope correlation is related to complex correlation by: 

                                        

2
12ρρ ≈e

     (3) 

iii. Power Correlation, is a correlation of the square envelope, which is also real and found to be 
similar enough to envelope correlation coefficient to be considered equal.  

In this study the figure of merit will be the Envelope Correlation Coefficient ii 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 
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5. Summary 

 A proper technique to probe DUT and methodology to acquire antenna figure of merit was 
demonstrated. The DUT probing requires specific knowledge of device topology, internal 
structure, matching and grounding. 

 The basic antenna figure of merit was exemplified based on a real DUT measured in 
different variants of same test setup. 

 Despite the antenna system had maintained the proper tuning in all test mode variants and 
adequate gain imbalance, the absolute system efficiency, radiation pattern and envelope correlation 
coefficient has substantial variation within all test cases. 

 

6. Conclusions 

 This study demonstrated that acquiring antenna Figure of Merit based on DUT antenna 
probing is an accurate and feasible method.  However without specific acknowledge of the DUT 
antenna topology, matching network, ground structure, electric field distribution, the proper 
antenna probing and choking is unlikely to be achieved. These aspects of DUT setup preparation 
associated with chambers lack of correlation might create a scenario where different labs 
evaluating the same DUT, can generate strongly uncorrelated results. 

 The large results deviation based on different test modes (figure 1), was expected and used 
to illustrate that without proper guidance, small variations of same test setup can create skewed test 
results. Despite the minor variation on Return Loss, Characteristic Impedance and Antenna 
Isolation, the radiated portion of the figure of merit measurements had a large variation. The 
position of the device related to the laptop ground plane caused distortion on the radiation pattern 
consequently varying substantially the envelope correlation coefficient. The last experiment, which 
adopted a regular USB cable, was used to emphasize the degree of refinement these measurements 
require for proper data gathering, an adoption of a regular USB cable instead of properly choked 
USB cable caused an important distortion on both antennas radiation pattern, consequently falsely 
improving the envelope correlation coefficient. 

To increase the likelihood of generate reliable data on any measurement campaign, the test setup 
must be meticulously defined, and the DUT need to be prepared by acknowledge individual. Is 
also strongly desired that the DUT; data card or dongle; were evaluated in the same test vehicle 
and same connection port. The optimal test vehicle would be a Laptop mock-up with fixed lid 
angle, where the DUT is energized through dedicated battery and power regulators to reduce self-
noise, and the data throughput is monitored by a USB-Optical interface. The optical link extended 
outside the chamber, enables the optimal isolation between DUT and functional Laptop. 

     

  

  


