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5.2 Calibrated OTA (COTA) Test Environment

5.2.1 Introduction and Purpose

The following sections describe a class of test environments that yield reliable and consistent results for quantitative over-the-air RF performance measurements. This class of test environment is designed to be easily repeatable in time and location while yielding accurate results. This section addresses OTA environments for testing combined radio and antenna related performance of a single DUT.  The traceable nature of the associated measurements ensures that DUTs tested at different sites using different test equipment can still be compared directly to within a known level of measurement uncertainty.

5.2.2 Test Configuration

5.2.2.1 Resource Requirements

The following equipment is necessary to carry out tests while using this class of test environments:

a) An RF shielded screen room, partially lined, or anechoic chamber with sufficient shielding to isolate the DUT from outside interferences. 
b) Measurement antenna

1) Linearly polarized antenna

2) Dual polarized measurement/communication antenna suitable for acquiring both components of the electric field vector. 
3) Circularly polarized antenna

c) Characterized and/or calibrated reference antennas. The patterns and gains of these antennas should be known to a high degree of accuracy.
1) These would be used for determining the path loss from the quiet zone through the measurement antenna, cables, etc. to the calibrated input or output of the test instrumentation.

2) Test antennas, cabling, and instrumentation for determining the quality of the quiet zone and the impact of the chamber, positioning system, etc. on the measurement.

d) Test instrumentation for the desired measurement(s).  Possibilities include:

1) Traceable instrumentation for establishing a communication link to the DUT, with enough dynamic range and transmit power control to measure radiated power and receiver sensitivity of the DUT at each point on the surface of a sphere.

2) A traffic generator (reference node) capable of associating with the wireless interface(s) of the DUT and generating traffic at the desired rate.
3) Variable attenuator(s) and WLCP for OTA throughput vs. attenuation measurements.

4) Any other instrumentation typically used for conducted tests in order to perform equivalent OTA tests on wireless devices that do not have RF connectors.  Note again that the instrumentation must have sufficient dynamic range to perform the desired measurement OTA.

e) Support structure with known RF properties for mounting the DUT in a known, repeatable position.  Possibilities include:

1) Expanded polystyrene block.

2) Dielectric table.

3) Turntable capable of rotating the DUT/SUT 360°

4) Spherical positioning system with minimal RF impact capable of moving the DUT/SUT and/or measurement antenna to cover the entire spherical radiation pattern of the DUT.

f) RF cabling, splitters, directional couplers, switches, etc. as needed to connect the test instrumentation to the measurement antenna.

g) Equipment for System Setup

1) Tape measures, laser pointers etc. for positioning and aligning the DUT and determining the distance to the measurement antenna.

h) System calibration

1) A network analyzer.
i) Optional equipment depending on test needs:
1) Standardized phantom head, hands, table/lap tops for near field impact measurements.
5.2.2.2 Test environment

Shielded Room

A shielded room or screen room provides isolation of the DUT/SUT from the outside environment.  The level of shielding should be high enough to ensure that no extraneous signals remain high enough to interfere with the quantity being measured.  The internal reflections within a shielded enclosure make repeatable calibrated measurements difficult within this environment.  However, the shielded room forms the basis for the other environments listed here.  

Fully Anechoic Chamber

A fully anechoic chamber (FAC) or fully absorber-lined room (FAR) consists of a shielded room with RF absorber on all walls, floor, and ceiling.  All reflections from internal surfaces have a significant level of attenuation.

Partially Lined Chamber

A partially lined chamber consists of a shielded room with RF absorber in critical locations to minimize first order reflections.  All reflections between the DUT and the measurement antenna (or between DUTs in a SUT) will typically encounter at least one absorbing layer.

5.2.2.3 Test setup

The basic setup of the calibrated OTA measurement system is shown in Figure 5.X.0.1.  It includes a test environment as described above, consisting of a fully or partially lined anechoic chamber, measurement antenna, and DUT support or positioning system; an RF switch or other polarization control used to measure two orthogonal polarizations (if needed), and calibrated test equipment used to perform the actual measurements.  Appendix A describes these individual components in more detail.
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Figure 5.X.0.1  Basic Calibrated OTA Performance Test Configuration including test equipment and OTA test range.
5.2.2.3.1
Calibration Procedure

The following procedure provides detailed information for precise calibration of an OTA test range using a vector network analyzer, with special attention paid to possible sources of error to ensure that low uncertainty measurements can be made.  The range calibration is performed in a two-step process, where first the frequency response of the test equipment and cabling used to perform the calibration is measured and then those components are used along with a calibrated reference antenna to measure the frequency response of the range, measurement antenna, and cabling used in the OTA tests.  The difference between these two measurements (in dB) combined with the gain of the reference antenna provides the desired path loss calibration values.  The procedure can be applied to other signal generator/receiver combinations with minor modifications.

Figure 5.X.0.2 illustrates the components of a typical OTA system that are to be calibrated, from the location of the DUT in the chamber (the center of the quiet zone) to the measurement port of the test equipment.  Figure 5.2.0.4 illustrates a typical range calibration configuration, highlighting the components that must be added to the system to perform the measurement, while Figure 5.X.3 shows the configuration for removing the contribution of those components from the resulting range calibration.  
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Figure 5.X.0.2 Typical Calibrated OTA Measurement System showing the measurement path from the DUT to the test equipment.
The equipment required for range calibration includes:

1. Test environment meeting desired quiet zone performance.

2. Reference antenna(s) with valid calibrations to cover the required range of test frequencies.  Low uncertainty precision calibrated sleeve dipoles are recommended as the reference antenna up to 2.5 GHz.  Standard gain horns are recommended above 2.5 GHz.  Other antennas may be used, however, the uncertainty contribution to the resulting measurements due to calibration and phase center issues may be significant.

3. Low dielectric constant support structure (e.g. Styrofoam) for positioning the reference antennas.

4. Measurement antenna(s) (e.g. horn or dipole used to perform measurements of the DUT).  Note:  If multiple antennas are used to cover the required frequency range, the reference measurement must be repeated each time the antennas are repositioned, unless a permanent mounting fixture is used to guarantee repeatable performance.

5. Network analyzer having a wide dynamic range and high linearity, with current calibration.  (Alternatively, a spectrum analyzer with tracking generator or a stable signal generator and measurement receiver (spectrum analyzer, power meter, etc.) combination may be used with minor changes to this procedure.)

6. All RF cabling, splitters, combiners, switches, attenuators, etc. required to connect the measurement antenna(s) to the test equipment required for measuring radiated performance of the DUT.  The connection to the WLCP, receiver, or communication tester used to perform the DUT measurement shall be referred to as the "test port" in this section.  These components leading up to the test port will be characterized along with the range length and measurement antenna contributions.

7. Additional cabling to reach from the output port of the network analyzer to the reference antenna (the reference port), and from both the reference antenna location and the test port to the analyzer input.  The source cabling to the reference antenna should be treated with ferrite beads and routed to minimize its influence on the reference measurement.  The effects of these cables will be removed numerically from the reference measurement, however, cable lengths should be kept as short as possible to reduce the associated path loss.  

8. Low loss cable adapters for performing various interconnects.  These should be characterized to determine their influence on the measurements.  That influence may be corrected for if measured, or applied to the measurement uncertainty if estimated.

9. Optional 3 to 10 dB fixed attenuators for reducing standing wave effects in cables.

10. Optional 50  terminations.

Measurement Step 1:  Cable Calibration

For each configuration, perform the following steps:

1. Route the reference antenna cable(s) (dashed line) from the output port of the network analyzer to the mounting location of the reference antenna.  A minimum of 3 dB (preferably 10 dB) pad is recommended at the output (reference antenna side) of the cable to minimize standing waves.  This output connection is defined as the reference port.

2. Connect the output of the reference antenna cable to the input port of the network analyzer through a flexible “loopback” cable (dotted line).  (See Figure 5.X.3.)  An additional pad is recommended at the input port of the analyzer.

3. Ensure all equipment has been powered on long enough to have stabilized.  

4. With the analyzer set to measure at least one data point per MHz of frequency span, perform a frequency sweep to cover the required test frequencies and record the result.  It is recommended that the analyzer be set to narrow bandwidth to obtain the lowest possible noise floor.  The power level of the signal source must remain fixed for all measurements. 

5. Ensure that the received signal is below the compression point of the receiver (linear region) and sufficiently far above the noise floor of the receiver to account for the expected range path loss.  

6. Prior to proceeding to the next test step, move the cables around and monitor the frequency response as the analyzer sweeps continuously.  Any gross changes in response indicate bad cables or connections and should be rectified prior to continuing.  Minor variations (fractions of a dB) are expected and should be accounted for in the measurement uncertainty of the resulting range calibration. 

[image: image3.wmf]Test Chamber

Measurement

Port

Vector

Network

Analyzer

TX Port

Flexible Loopback Cable

Reference 

Antenna 

Cable

RX Port


Figure 5.X.3 Example of Loop-back Configuration for Cable Calibration.
Measurement Step 2:  Range Calibration

For each polarization and configuration, perform the following steps:

1. Disconnect the loopback cable (dotted line) from the reference port of the reference cable connect  it to the test port connection to be characterized, leaving the other end of the loopback cable attached to the analyzer.  (See Figure 5.2.0.4)Any cable adapters added or removed from the system to make the required connections must be accounted for as mentioned previously.  Terminate any unused connections to the appropriate test equipment or by using 50  loads.

2. Prior to connecting the source to the reference antenna, attach a 50  termination to the reference port (or otherwise ensure no output from the signal generator) and record the noise floor of the analyzer at each frequency point.  Record several sweeps in order to determine the maximum noise level at each frequency.

3. Connect the reference antenna to the reference port and use a low dielectric support to hold the antenna in the middle of the quiet zone, aligned with the centerline (boresight) of the measurement antenna, and parallel to the polarization being characterized.  For directional reference antennas, ensure that both the reference and measurement antennas are aligned boresight to each other.  Ensure that the support structure is out of the measurement path such that it has a minimal impact on the reference measurement.

4. Ensure that all equipment has been powered on long enough to have stabilized.  The equipment should normally have been left on from the cable calibration step.  All settings of the equipment should be identical to those for the cable calibration.  

5. Perform a frequency sweep to cover the required test frequencies and record the result.  Ensure that the received signal is below the compression point of the receiver (linear region) and at least 20 dB above the noise floor as measured in step 2 above in order to have less than 1 dB measurement uncertainty due to the noise.  
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Figure 5.2.0.4 Typical Range Calibration Configuration showing additional components.

Calculating the Range Calibration Path Loss

Once the data has been acquired as described above, it’s necessary to convert it to a loss value and combine it with the reference antenna gain in dBi to obtain the total path loss to be used as the reference correction.  Once this value has been determined, it can be added to the power readings of the DUT test equipment (in dBm) to represent the reading relative to an isotropic source. 


Range Calibration Correction = Step 2 Result – Step 1 Result + Reference Antenna Gain

Site Validation

In addition to the site validation requirements indicated in Appendix A, the resulting range calibration should be used to confirm that the OTA channel characteristic matches the required behavior (i.e. flat for non-multipath environments) ±0.5dB across the bandwidth of each RF channel to be tested.

5.2.2.4 Permissible Error Margins and Reliability of Test

With suitable selection of the test environment and test equipment, the total measurement uncertainty for integrated power metrics should be below ±2 dB for total radiated power measurements and ±2.5 dB for total isotropic sensitivity measurements.  For single point metrics used to determine relative values, the additional uncertainty is typically small, relating primarily to the resolution and repeatability of the particular test setup.  However, absolute values can have significant errors depending on the quality of the quiet zone, where amplitude ripple can cause significant variation with minor positioning or pattern variations.  The uncertainty budget should account for a variety of factors including the quality of the quiet zone, including the effect of support structure and range length, the uncertainty of the range calibration, the uncertainty of the test equipment, the resolution (step size) used for sensitivity measurements, the repeatability of the test setup, including placement against the phantom, and the repeatability/stability of the DUT itself.   

5.2.3 Approach

5.2.3.1 Configuration Parameters

This sub-clause provides guidance on setup and configuration of the DUT for calibrated OTA tests.  Repeatable setup is necessary to ensure traceable results.  Since the OTA tests are primarily for physical layer metrics, this section primarily addresses physical configuration of the DUT.  Other DUT test parameters are referenced from the associated conducted metrics. 

5.2.3.1.1 Baseline Configuration

The baseline physical setup is for the free space measurement of the DUT without other near field influences.  The standard orientation of any DUT is with the “front” of the DUT facing along the +X ( = 90°,  = 0°) direction (see Appendix A.2.2), and the “top” of the DUT facing along the +Z ( = 0°) direction.  For DUTs with adjustable antennas, the standard orientation of the antennas is along the +Z direction as well.  If the antennas cannot be oriented along this direction, the secondary orientation is perpendicular to the surface of the DUT.

For battery powered devices it is preferred that the DUT is run off of battery power, with no extra cables when possible.  For line powered devices and devices requiring additional wired connections (network cables, etc.) the cables should be neatly dressed to extend away from the DUT and along the –Z direction.  The cables should be dressed with ferrite clamps as needed to eliminate surface currents along the cables that can affect the measurement results.  All cables should be restrained to ensure that they maintain consistent position and orientation as the DUT rotates.  Cables that move relative to the DUT during the test will significantly alter the measurement results.

DUTs with multiple antennas should be configured to test with only one antenna or array configuration active at a time.  The requirement is that the radiation and receive patterns are fixed (static) for a given test (no dynamic adaptation or variable combining algorithms active) so that the measurement process does not alter the measurement result.  This procedure does not cover additional requirements for testing dynamic multiple antenna systems with any sort of adaptive antenna algorithms active.  
Other DUT configuration parameters are the same as those from the associated conducted metrics. 

5.2.3.1.2 Modifiers

The baseline DUT setup parameters may be modified as follows to enable additional test configurations. 

a) Change of antenna orientations for adjustable antennas.  

b) Various phantoms may be used to simulate real world use.

c) Different cable configurations and routings may be tested.

d) Tests with other radio sources active in DUT to evaluate desensitization of 802.11 radio for converged devices.

e) Channels/bands of operation

f) Additional attenuation to vary received power




Appendix A  Considerations for Constructing and Qualifying a Calibrated OTA RF Performance Test Environment

A.1 Introduction

In order to obtain quantitative RF performance measurements in an OTA environment, special considerations are required to ensure that the environment produces results that can be compared directly with quantitative results measured elsewhere.  Traceability in an OTA environment is achieved by precisely defining the construction of the environment including dimensions, materials, etc. and/or by providing a means to quantify and qualify the environment to determine its channel properties and the uncertainty introduced by minor variations in the environment, DUT placement, etc.  This appendix provides guidance on development and qualification of a test environment for traceable OTA testing.

A.2 Typical Components of an OTA Environment

An OTA test environment typically consists of some sort of test range (anechoic chamber, open area test site, etc.), a measurement antenna connected to RF instrumentation for performing the measurement, a support and/or positioning system for mounting the DUT and positioning it relative to the measurement antenna, and near-field phantoms for simulating the effect of objects typically found in the vicinity of the DUT.

Appendix A.2.1  The Test Range

The performance of a test range is a function of the range length, the relative size of the DUT, the measurement antenna used, and any reflections in the environment.  For enclosed environments such as anechoic chambers or partially lined rooms, the environment effects (excluding any support structures) are a function of the overall size of the room, the level of absorber performance, and the quality of absorber coverage.  For accurate representation of the peaks and nulls in a radiation pattern, an extremely high level of performance is required (on the order of 50 dB or more of attenuation at each surface).  By comparison, absorber with only 20 dB of attenuation results in 1 dB or more of error at peaks in the pattern and limits the depth of the nulls that can be measured to 20 dB or less.  Since error contributions are introduced from each reflecting surface (six in a typical rectangular chamber) symmetry effects can cause even larger contributions.  
The range length (distance between the DUT and the measurement antenna) should be sufficient to ensure that the measurement antenna (MA) is in the far field of the DUT or DUT and phantom combination.  The chamber must be large enough to support this range length, providing sufficient clearance on all sides of the DUT/phantom and the RF absorber.  The standard definition of the far field distance is anything greater than 2D2/, where D is the maximum dimension of the DUT or DUT and phantom and  is the shortest wavelength (corresponding to the highest frequency) to be tested.  Note that for small DUTs, where the measurement antenna may be larger than the DUT, it’s necessary to ensure that the DUT is in the far field of the MA as well, using the same equation, where D now represents the maximum dimension of the MA.  Table A.1 shows typical range lengths for a variety of test volumes suitable for typical wireless DUTs with our without phantoms.  Rather than being concerned with the size of all possible DUT combinations in a chamber, the above equation is typically used to define a maximum DUT size at each frequency for a given range length.  This then defines that maximum test volume available for any DUT tested using that range distance.  

Table A.1  Minimum range length for various test volumes in the 802.11b/g and 802.11a bands.

	802.11 Band
	Highest Test Frequency  
f (GHz)
	Shortest Test Wavelength  
 (m)
	Maximum 
Test Volume 
Dimension 
D (m)
	Minimum 
Range Length 
L (m)

	b/g
	2.5
	0.12
	0.10
	0.17

	
	
	
	0.20
	0.67

	
	
	
	0.30
	1.50

	
	
	
	0.40
	2.67

	
	
	
	0.50
	4.17

	A
	6
	0.05
	0.10
	0.40

	
	
	
	0.20
	1.60

	
	
	
	0.30
	3.60

	
	
	
	0.40
	6.40

	
	
	
	0.50
	10.00


This available test volume is commonly known as the “quiet zone” (QZ).  This refers to the desired uniform field area needed for accurate measurements.  In free space, when the QZ is far enough away from the measurement antenna, the RF wavefront propagating from the measurement antenna appears as a plane wave so that all points within the QZ have the same field level.  Non-uniformity due to proximity to the MA appears as a falloff in signal magnitude from front (MA side) to back of the QZ, and from center to sides of the QZ.  If the MA pattern is too narrow, it can also result in falloff from center to the sides of the QZ.  This non-uniformity is referred to amplitude taper.  On a typical antenna test range, the imperfect performance of the absorber lining in the chamber causes signal magnitude ripple within the quiet zone due to constructive and destructive interference of the different direct and reflected wavefronts reaching each point in the quiet zone.

The amplitude taper due to range length can be predicted by simply converting the relative distances to dB.  Thus, if the range length is L and the quiet zone is a sphere of radius r, the distance taper is given by 20 log10((L ± r) / L).  For an amplitude taper of ±1 dB across the QZ (+1 dB at the front, -1 dB at the rear, for a total of 2 dB variation), the QZ must have a radius less than 11% of the path length to the center of the QZ.  To reduce that to ±0.25 dB, the QZ radius must be less than 3% of the path length.  Table A.2 shows the error due to the amplitude taper for the minimum range lengths based on the far field equation.  From this it’s obvious that using the far field equation only to determine a suitable range length is not sufficient to guarantee a low uncertainty.  The wavefront at the DUT may be coherent, such that it appears to come from a point source, but it is still not sufficiently planar across the quiet zone at short distances.  Longer range lengths also reduce the uncertainty due to placement of the DUT relative to the MA.

Table A.2 Indication of Amplitude Taper Error for Various Quiet Zone Diameters base on the Far Field Limits.

	802.11 Band
	Maximum 
Test Volume 
Dimension 
D (m)
	Minimum 
Range Length 
L (m)
	Error at Front of QZ (dB)
	Error at Back of QZ (dB)

	b/g
	0.10
	0.17
	2.3
	-3.1

	
	0.20
	0.67
	1.2
	-1.4

	
	0.30
	1.50
	0.8
	-0.9

	
	0.40
	2.67
	0.6
	-0.7

	
	0.50
	4.17
	0.5
	-0.5

	a
	0.10
	0.40
	1.0
	-1.2

	
	0.20
	1.60
	0.5
	-0.6

	
	0.30
	3.60
	0.4
	-0.4

	
	0.40
	6.40
	0.3
	-0.3

	
	0.50
	10.00
	0.2
	-0.2


In cases where the quiet zone is not extremely uniform, substitution measurements of the DUT antenna can still be made with relatively low uncertainty if the DUT antenna is precisely positioned in the center of the quiet zone (i.e. in the same place as the reference antenna used to calibrate the range path loss).  There would still be uncertainty introduced from other objects within the region of the DUT antenna (body of the DUT, any phantoms used, etc.), and any deviation between the actual position and radiation pattern of the DUT and that of the reference antenna.

Appendix A.2.2  Support Structures and Positioning Equipment

Dielectric support structures and/or test positioners are necessary to hold the DUT in the center of the quiet zone and optionally manipulate it relative to the measurement antenna in order to measure the performance of the DUT in different directions.  To avoid undesired interactions between the device and the support structure, low loss, low permittivity dielectric should be used.  Expanded polystyrene foam is an ideal fixed support with a dielectric near that of air.  As higher permittivity dielectrics are used, their impact on the measurement should be included in the uncertainty budget by evaluating the effect using one of the site validation methods described in A.3.  The support structure may also need to support any near-field phantoms used for testing with the DUT.

For many measurements it is desirable to test the RF propagation in different directions from the DUT.  This is accomplished by manipulating the orientation of the DUT relative to the measurement antenna. While this manipulation could be done manually for each data point to be measured, a desire for repeatability and test speed typically dictates the use of automated positioning equipment to provide the needed manipulation.  A turntable capable of rotating the DUT 360° around a vertical axis is commonly used for simple automated tests.  This allows measurement of single two-dimensional cuts through the three-dimensional pattern of the DUT for each orientation of the DUT on the table top.  

To measure the RF propagation from any orientation of the DUT, there are two common alternatives that expand on the basic turntable to measure the full three dimensional surface.  The first option, referred to as a combined axis system, is to place a second positioner on top of the first, with its axis perpendicular to the first (i.e. horizontal), and rotate the DUT about two axes.  This can also be accomplished semi-automatically, by manually rotating the DUT around a horizontal (roll) axis and using the turntable to take great circle cuts through the 3-D surface at each orientation of the DUT on the support.  The second option involves moving the measurement antenna up and down around a rotational axis perpendicular to the turntable axis.  In this case, for full spherical coverage the DUT must be suspended in the middle of the chamber in order to allow the measurement antenna to move from directly over the top of the table to directly underneath.  Typically, the bottom-most point on the spherical surface can be ignored, due to the sin() weighting of the spherical integration, allowing the DUT to be supported on a dielectric post in the center of the turntable.  Figure A.1 illustrates examples of each of the two positioning systems. 

	[image: image5.emf]  
	[image: image6.emf]
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Figure A.1  Illustration of combined axis system (a) and distributed axis system (b), showing conical section cuts in each.  Note the change in orientation of the coordinate system for the DUT in each system.
Each of these systems has its advantages and drawbacks.  The combined axis system simplifies the positioning relative to the test chamber by being one unit.  Since the measurement antenna remains fixed in the chamber, the chamber only needs to be large enough to support the test range distance along one axis, whereas the distributed axis system needs the chamber to be as wide as the required range length and over twice as tall.  The excessive cost of a large test chamber means that this system is usually restricted to short range lengths, implying small devices or near field testing only.  Conversely, DUT mounting is typically much simpler for the distributed axis system, where an expanded polystyrene column can usually be used to support even large DUTs.  For the combined axis system, the DUT must be mounted to the positioner and be able to rotate end-over-end.  The larger the DUT, the more significant the support structure must become to be able to support the additional weight.  This can have an impact on the RF performance of the system.  In either case, for testing the omnidirectional antennas typically seen in 802.11 devices, the support structure must be made of suitably low dielectric materials to minimize the overall impact to the measurement.  The effect of the dielectric support should be accounted for when determining the quality of the quiet zone and the overall uncertainty associated with measurements made using the system. 

There are numerous variants of these systems, including multi-sensor systems that replace one or both positioners with additional measurement antennas at fixed positions around the sphere, and a combined axis system that reverses the roles of the two positioners for an “azimuth over elevation” configuration.  This document cannot possibly capture all possibilities, but these are worth noting.  Multi-sensor systems can be designed 1) to measure only a few points on the surface, thus reducing test time but still requiring two positioning axes to cover all points on the sphere; 2) to perform a 0-180° cut at the desired resolution, requiring 360° rotation of the turntable positioner; 3) to perform a 360° cut, requiring only a 0-180° rotation of the turntable, or 4) a full spherical array of antennas at the desired spacing, which completely eliminates the need for any positioner.  The “positioning” between measurement points on the multi-sensor array is performed by switching the RF connection between each antenna, similar to changing the polarization on a dual polarized measurement antenna.   From the viewpoint of the DUT, the azimuth over elevation combined axis system is the equivalent of attaching the chamber to the MA and rotating the entire assembly ±90°.  Instead, the turntable tilts ±90° so that the MA transits from pointing along the axis of the turntable in one direction to pointing along the axis in the other.  Each of these variants combines then benefits and drawbacks of the systems described above, as well as adding some unique ones of their own.

When using a spherical positioning system, the resulting data will be recorded using a spherical coordinate system.  Figure A.2 illustrates the angles associated with the spherical coordinate system and provides an example of measurement data points taken every 15° in that coordinate system.  It’s important to remember that this defines the coordinate system of the DUT.  The angles  and  define the location of the MA with respect to the DUT.

	  [image: image7.wmf]+X

+Y

-Y

-X

+Z

-Z


	[image: image8.wmf]

	(a)
	(b)


Figure A.2  Definition of angular components and axes for the spherical coordinate system (a) and illustration of data points taken every 15° in  and   (b).
Appendix A.2.3  The Measurement Antenna

The measurement antenna is used to sample the desired measurement quantity at each orientation of the DUT.  The antenna acts as a transducer between the electromagnetic field propagating through the test environment and the voltage at the antenna port.  Rather than dealing with electric field levels and voltages, the behavior of the measurement antenna is typically lumped together with the range path loss and cable losses as a single path loss term by performing a range calibration (see 5.2 Calibrated OTA (COTA) Test Environment).   For DUTs where the orientation and polarization of the antenna is known for each measurement, a linearly polarized antenna oriented parallel to the field vector may be used as the measurement antenna.  For DUTs with unknown or complex antennas, or for full spherical pattern measurements, the antenna must be able to measure the total field vector at each point, no matter what the orientation of the DUT with respect to the MA.  This is typically done by measuring two orthogonal polarizations at each point and combining the power in each component in order to determine the total power density at that point.  This can be done using two separate orthogonal antenna elements and switching between them electrically, or by mechanically changing the polarization of a single antenna.  Note that it is assumed that the behavior of the DUT is stable between each measurement of the two orthogonal components such that they truly represent components of the same field vector.  For DUTs with multiple antennas, this may not be the case unless a special configuration of the DUT is used to test each antenna separately.  For DUTs known to have linearly polarized radiation patterns, a circularly polarized measurement antenna may be used to eliminate the need to toggle between orthogonal polarizations during the measurement.  However, any ellipticity in the MA or the DUT can cause errors in the measurement result.

Figure A.3 illustrates the standard definition of the two orthogonal polarizations typically measured, defined based on the definition of each rotation axis in the spherical coordinate system.  The theta () polarization is the polarization parallel to the direction of motion when rotating about the theta axis, and the phi () polarization is the polarization parallel to the direction of motion when rotating about the phi axis.  For the two positioning systems described above, the horizontal axis is the phi axis and the turntable is the theta axis for the combined axis system, while the turntable is the phi axis and the measurement antenna rotation is the theta axis for the distributed axis system.  
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Figure A.3  Definition of rotational axes (a) and polarization directions (b) corresponding to the spherical coordinate system.
Appendix A.2.4  Near-Field Phantoms

Since devices typically don’t operate suspended in free space, it’s often necessary to determine the effects of objects commonly found in the immediate vicinity of the DUT in order to represent an accurate picture of the DUT performance.  The effect of user head, hands, and torso, as well as tabletops or walls on which the DUT would typically be mounted, should be evaluated.  Objects placed in the near field of the DUT can have significant impact on resulting performance.  Near field loading can detune the antenna, changing its impedance.  The resulting mismatch can greatly reduce the efficiency of the antenna, and even cause non-linear effects due to overloading of the output stage of the radio.  Objects near the DUT can absorb or reflect a significant amount of RF energy.  These near field effects cannot be predicted by far field modeling techniques and must be evaluated using test objects (standardized phantoms) used to replicate the real behavior of the DUT in proximity to these objects.  

Depending on the type of DUT, the test setup can also include a variety of phantoms for determining the near field impact on the measured quantity.  The IEEE Std 1528 defines one of a number of standardized phantom head and torso configurations for SAR (specific absorption rate) testing, including fluid formulas for simulating body tissue at various frequencies.  CENELEC EN50361: 2001 defines a variant of the Standard Anthropomorphic Model (SAM) head phantom that has been adopted by the CTIA for OTA tests of mobile phone devices.  This SAM phantom defines additional neck and shoulder regions of the phantom.  Since these OTA tests are not concerned primarily with the actual absorption properties of the tissue, but rather the overall near field loading and blocking effects of the phantom, the exact conductivity and permittivity of the phantom is not critical.  The basic sugar water and cellulose solution is typically used (45.3% water, 54.3% sugar, 0.3% hydroxyethylcellulosis (HEC), 0.1% Bactericide (Dowicil™ 75) by weight).  Other solutions may be used as needed for different frequency ranges.  The permittivity and conductivity of the solution should be verified against the specifications of the above references to confirm that the solution is mixed correctly.

Work is currently underway for standardization of hand phantoms and a number of such phantoms are available on the market.  For the purpose of body or lap phantoms, a flat phantom with the appropriate width for the application may be used.  Common flat phantom width is 40 cm.

For tabletop and wall mount phantom measurements, stable dielectric materials are recommended for testing purposes.  Wood and other porous materials are not likely to produce repeatable results day to day or between test facilities.  Recommended materials are polycarbonate or polyvinylchloride (PVC), both with relative dielectric constants on the order of 3, and FR4 fiberglass with dielectric constant on the order of 4.5.  Metal phantoms of aluminum or zinc plated steel (i.e. sheet metals with good conductivity) may be used to simulate those environments.  If necessary, phantoms of the specific target material may be used.  In all cases, the exact type and parameters of the material should be listed.  The surface phantom should be at least three wavelengths in diameter and should extend at least one wavelength beyond the maximum dimension of the DUT.  Standard phantom sizes of 0.5, 0.75, and 1.0 m (± 1 mm) diameter or width in circular or square configurations with a dielectric thickness of 12.5 mm (±0.5 mm) are recommended.  Sheet metal phantoms should have sufficient skin depth for the frequencies of interest.  Thickness on the order of 1 mm is typically sufficient.

A.3  Site Validation

There are a variety of methods for validating the quality of the quiet zone.  The oldest method is the free space VSWR approach, where directional antennas are scanned across the quiet zone and the ripple magnitude is used to determine the reflectivity from the chamber wall(s) or other reflecting objects in the test range relative to the direct signal.  Since the received signal is the vector sum (magnitude and phase) of the direct and reflected signals, deviations from a flat response are either due to reflections from the walls or other objects (ripple) or due to non-uniformity of the measurement antenna beam (amplitude taper).  The ripple oscillations are separated from the amplitude taper and the reflectivity is determined by calculating the max (direct + reflected) to min (direct – reflected) for a range of orientations of the directional test antenna.  A modern modification of this procedure uses a vector network analyzer to capture both magnitude and phase information and separate the direct signal from the reflected at each point using time domain gating.  While these techniques are fine for determining the performance of individual regions of absorber on the walls of a chamber, and are popular for microwave antenna testing where the DUT commonly uses a directional antenna, they are not as useful for validating sites used for testing omnidirectional antennas such as those typically seen in 802.11 devices.  Since an omnidirectional antenna illuminates most of the chamber simultaneously, the error in measurements will be due to the effect of all illuminated surfaces combined.  There is currently no accepted simple way to combine the individual free space VSWR results to predict a total measurement uncertainty for an omnidirectional DUT. 

An alternate method involves measuring the ripple using omnidirectional source antennas.  Since the test environment is illuminated similar to the illumination that will occur from an omnidirectional DUT, the ripple behavior more accurately reflects the error that may be expected in a measurement of the DUT.  Sleeve dipoles and resonant loop antennas are used to create omnidirectional illumination with orthogonal polarizations.  By orienting the polarization direction of each antenna parallel to each of the two measurement polarizations, all surfaces of a chamber are tested with both normal and transverse polarizations.  Moving the antenna throughout the quiet zone and measuring the ripple gives an indication of the expected magnitude uncertainty of each individual measurement point in the pattern.  The surface standard deviation (SSD) method can be used to predict the error of surface integral quantities such as TRP and TIS based on the ripple test results.  A version of this method has been adopted by the CTIA for qualifying test systems for this type of OTA testing.  It assumes omnidirectional radiation and includes the positioning system in the measurement.  If care is taken to orient the DUT such that support structure remains in the null of the antenna(s), or when phantoms are used that obscure the support structure behind them, the real uncertainty is typically much less than predicted by this worst-case approach.  Note also that the CTIA method removes the effect of range length variation from the ripple test result, opting to account for the effect of short range lengths in another uncertainty contribution.  The uncorrected ripple can be used to estimate the uncertainty on absolute power measurements of single position data points.

Several other site validation methodologies are currently being considered by ANSI C63, CISPR, and 3GPP.  One method that shows promise is the use of isotropic field probes in place of the reference source antenna to determine the field uniformity in the quiet zone.  By using an isotropic field probe offset to different positions in the quiet zone, and performing a pattern measurement at each position within the quiet zone, a good indication of the uncertainty of both individual points and integrated power quantities can be determined.

The site should be validated at least annually starting before its first use and after any physical change that could affect the quiet zone performance (removal/replacement of absorber, movement of the test positioner, change of the antenna location relative to the quiet zone, etc.)  No matter which method is used, the effect of ripple and amplitude taper due to the range length, the chamber, and the support structure should be evaluated to determine the uncertainty component.  

A.4  Other Uncertainty Contributions

To obtain absolute value measurements using the test system described, the range must be calibrated (See Section 5.2.2.2.1 under the Calibration OTA Environment for more information).  The principal contributions to the uncertainty of the range calibration are in the gain calibration of the reference antenna and the linearity of the test instrumentation used to measure the total path loss.  Other contributions include positioning accuracy, cable effects such as mismatch (standing waves) and stability when moved, and overall repeatability/stability.  To achieve suitable range calibration accuracy, precision calibrated reference antennas with uncertainties on the order of a few tenths of a dB are required.  Special calibration techniques are required to achieve this low uncertainty.  With appropriate reference antenna and instrumentation, uncertainties on the order of ±0.5 dB can be achieved.

To meet the target total measurement uncertainty, the uncertainty of the test instrumentation must also be well controlled.  Power measurement instruments (spectrum analyzers, vector signal generators, power meters) are available with measurement uncertainties on the order of ±0.5 dB.  Sensitivity measurements are expected to have larger uncertainties, since the uncertainty is the combination of the power step size and the absolute output power calibration of the test equipment.  Uncertainties better than ±1.25 dB should be achievable with current technology.

All of these uncertainty contributions must be combined by converting each contribution to a standard uncertainty and then performing a root sum of squares calculation to determine the total standard uncertainty.  The total measurement uncertainty is then give by multiplying the total standard uncertainty by a k factor of 2.  Refer to ISO 17025 or other references on the treatment of measurement uncertainty for more information.
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Abstract


This document introduces the test environment necessary for calibrated over-the-air performance testing of 802.11 devices.  It merges existing draft text for the COAT environment with previously proposed text from 802.11-06/0131r1 for the traceable OTA test environment to generate a single section that defines a class of environments for a range of test types, and an associated appendix with additional detail.
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