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Background

Antenna pattern-based Figures of Merit were presented in R4-101311 “Concept for Multi-Antenna Radiated Performance Test” [1], and at the same time a proposal to include antenna FoM as a candidate methodology was provided in R4-101312 “Addition to Comparison Table for MIMO OTA Methodologies” [2].  The proposal R4-101312 was approved and included in the MIMO OTA TR 37.976 [3] with antenna pattern included in Table 5-1: Categories of Figure of Merits.
In this document, both active and passive antenna pattern data are captured and compared using the same antenna system configurations.  Four different antenna system configurations are measured to provide some variation in envelope correlation coefficient calculations.

The device is an LTE USB device.  For the active antenna pattern data collection, a call is set up using an LTE base station emulator, and complex antenna pattern data is recorded.  For the passive antenna pattern data, the same model of LTE device is used but not the exact same sample because the passive sample has been modified to allow direct access to the antenna system.

 Test Set up

The test set up for making the active antenna pattern measurements and passive antenna pattern measurements are described in this section.

Devices used in the test:

1.  Qualcomm LTE USB device.

2.  In three of the antenna system configurations, quantity 2 700 MHz sleeve dipole antennas.

3.  Notebook:  Dell Latitude XT.

Active antenna pattern measurement set up:

The active antenna pattern configuration is shown in Figure 1 below:   
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Figure 1: Anechoic chamber configuration for active antenna pattern measurement
Set up

a. LTE Node B emulator.

b. Anechoic chamber with position controller capable of moving the DUT and antenna probe relative to each other in theta (θ) and (φ).  Anechoic chamber designed and calibrated to support desired test frequencies.

c. The DUT is an LTE USB device capable of measuring complex antenna pattern data (i.e. both magnitude and phase) for both antennas used in the reception of LTE signals.
d. A diagnostic tool was used to capture the complex antenna pattern data from the DUT.  The DUT was connected directly to a USB port on the side of the laptop.  The laptop was powered by its own battery and all other wireless devices were disabled.

e. PC running test automation software.

Test configurations

1. LTE USB device connected to a notebook PC.

2. LTE USB device connected to a notebook PC with a pair of external dipole antennas connected to LTE device, with a separation of 1 inch between antennas.  

3. LTE USB device connected to a notebook PC with a pair of external dipole antennas connected to LTE device, with a separation of 2 inches between antennas.  See Figure 2.

4. LTE USB device connected to a notebook PC with a pair of external dipole antennas connected to LTE device, with a separation of 4 inches between antennas.  See Figure 3.
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Figure 2: Active antenna pattern measurement configuration – LTE device with Dipole antennas separated by 2 inches
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Figure 3: Active antenna pattern measurement configuration – LTE device with Dipole antennas separated by 4 inches
Test Procedure

1) Set initial position of DUT with respect to probe antenna.

2) Set up eNode B conditions defined as per section 7.3.4.1 of 3GPP TS36.521-1[4].

3) Set up eNode B to operate in LTE band 13, with 10 MHz bandwidth, on channel 5230, at 751.0 MHz.

4) Set the downlink signal level to REFSENS + 45 dB, above reference sensitivity level of DUT.

5) Inner loop power control shall be enabled for the uplink.

6) Establish an LTE connection according to 3GPP 36.521-1 section 7.3.4.2 of of TS36.521-1.
7) Enable the DUT to measure complex antenna pattern data, Received Signal Strength (RSS) and phase, for each DUT receive antenna.

8) Rotate the DUT/antenna probe to measure complex antenna pattern data over a spherical space around the DUT.  Data points are taken every 3 degrees in theta (θ) and phi (φ).
9) Linearize the RSS pattern measurements using the procedure in section 6.16.2 of the CTIA Test Plan for Mobile Station Over the Air Performance, v3.0. The downlink signal strength in shall be adjusted as needed. 

10) Extract the measured complex antenna pattern data per each measured theta (θ) and phi (φ) position. 
11) Collect data for both horizontal and vertical polarizations.

Passive antenna pattern measurement set up:

The passive antenna pattern configuration is shown in Figure 4 below:   
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Figure 4: Anechoic chamber and instrument configuration for passive antenna pattern measurement
Set up - Satimo Stargate 32 Spherical Antenna Measurement system.

a. An array of dual polarized horns.

b. A Probe Array Controller (PAC) to drive the probe arrays and to visualize the field measured by the probes.
c. An RF unit to amplify, filter, and mix the measured signals to an intermediate frequency.

d. 2 RF synthesizers.

e. PC running test automation software.

f. A motion controller which rotates the azimuth positioner where the antenna under test (AUT) is mounted.

g. A PC workstation for software control, data processing, and displaying.

Test configurations

1. LTE USB device connected to a notebook PC.  See Figure 5.

2. LTE USB device connected to a notebook PC with a pair of external dipole antennas, with a separation of 1 inch between antennas.  See Figure 6. 

3. LTE USB device connected to a notebook PC with a pair of external dipole antennas, with a separation of 2 inches between antennas.  See Figure 7.

4. LTE USB device connected to a notebook PC with a pair of external dipole antennas, with a separation of 4 inches between antennas.  See Figure 8.
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Figure 5: Passive antenna pattern measurement configuration – LTE device only
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Figure 6: Passive antenna pattern measurement configuration – LTE device with dipole antennas separated by 1 inch
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Figure 7: Passive antenna pattern measurement configuration – LTE device with dipole antennas separated by 2 inches
[image: image8.jpg]



Figure 8: Passive antenna pattern measurement configuration – LTE device with dipole antennas separated by 4 inches
Test Procedure

1) Set initial position of DUT with respect to probe antenna array.

2) Connect RF cable to one antenna on LTE device or dipole antenna, depending on which configuration is being measured.

3) Run test software to collect the antenna pattern magnitude and phase data over a spherical space around the DUT in both horizontal and vertical polarizations at 750 MHz.  Data samples are acquired in azimuth from 0 to 180 degrees in 10.6 degree spacing, and data samples are acquired in elevation from 0 to 360 degrees in 22.5 degree spacing.

4) Disconnect the RF cable from one antenna on the LTE device or dipole antenna, then connect the RF cable to the other antenna on the LTE device or dipole antenna, depending on which configuration is being measured.

5) Repeat step 3 to capture antenna pattern data from the second antenna.
 Measurement Results

Test Results

Once the RSSI and phase information for each antenna was captured for horizontal and vertical polarizations, the antenna correlation coefficient (e  was calculated using Matlab.  For each theta (θ) and phi (φ), indexed as i and j for discrete elevation and azimuth positions, the antenna correlation coefficient, (e is calculated using the following expressions:

For antenna pair (1, 2), 
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Where:

· XPR = cross-polarization ratio (PV/PH)         
· P ( and P( are the incident field power densities from the assumed channel model    

· (( and (( are the measurement angular increments

· N( and N( are the number of angular measurement points in ( and ( assuming the measurement is made over a sphere of angles.

· ( varies from 0 to (, and ( varies from 0 to 2 (.
And the the antenna correlation coefficient is  
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· Channel model power densities:  Uniform in azimuth, Gaussian in elevation.

Test results for active and passive antenna pattern measurements in the four different antenna system configurations are in Table 1 below.

Table 1: antenna pattern (2 for active and passive measurements

	Device Configuration
	Active antenna pattern, (2
	Passive antenna pattern, (2

	LTE USB device
	0.75
	0.78

	LTE USB device with a pair of external dipole antennas, with antennas separated by1 inch
	0.86
	0.75

	LTE USB device with a pair of external dipole antennas, with antennas separated by2 inches
	0.58
	0.53

	LTE USB device with a pair of external dipole antennas, with antennas separated by4 inches
	0.11
	0.23
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Figure 9:  Chart of active antenna pattern (2  vs passive antenna pattern (2 .
In Figure 9, a chart of active and passive antenna correlation coefficients for the four antenna system configurations is shown.  If active and passive antenna correlation coefficients for each configuration matched exactly, their data points would be on the red line (Ideal) shown in the chart.  The antenna systems with the dipole antennas separated by 1, 2, or 4 inches were measured with antenna correlation coefficients that decreased as the separation between the antennas increased.

 Summary and Discussion

In this contribution, active antenna pattern data is captured on an LTE device using various antenna system configurations, and passive antenna pattern data are captured also using the same various antenna system configurations for comparison.  Conclusions:
1. Active antenna pattern measurements made in different configurations are similar to passive antenna measurements made in the same configuration.  It should be noted that the device used in the active antenna pattern measurement was not the same device used in the passive antenna pattern measurements.  Differences in results may be due to:  while of the same make and model, the same physical sample was not used for active and passive measurements, measurement uncertainties.
2. Four different antenna system configurations were measured, and differences in correlation follow the configurations for both active and passive measurements.

The active antenna pattern measurement procedure used in these tests could be used in the first stage of the two-stage method.

Similar testing is planned on commercial devices.  Tested commercial devices could then be used for collecting data using other test methodologies in the study item.
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