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6.X Total Radiated Power and Total Isotropic Sensitivity 

6.X.1 Introduction and Purpose

This section describes traceable quantitative over-the-air RF performance tests on 802.11 DUTs and defines a range of metrics related to transmit power and receiver sensitivity.  These metrics address combined radio and antenna related performance of individual DUTs both in free-space and with near-field loading from items commonly placed near the radiating elements (phantom table top, head, hands, etc.).  The measurement involves using a high quality calibrated OTA environment to measure spherical radiation patterns for both the transmit and receive functions of the wireless radio by measuring all components of the RF energy radiating to or from the DUT in any direction.  From this pattern information, single bulk performance metrics such as total radiated power (TRP) and total isotropic sensitivity (TIS) can be computed.  (Total isotropic sensitivity may also be referred to as total radiated sensitivity (TRS).)  These integrated power metrics indicate the total power available to the network, providing an average performance across all propagation directions relative to the DUT.  In addition, the directional information can be used in conjunction with environmental models (network planning software) to predict actual performance of the DUT in a specific network configuration.  The traceable nature of these 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.  It is not necessary to test two DUTs using the same system in order to be able to compare their performance.  

6.X.2 Test Configuration

These tests use the calibrated OTA test environment described in section 5.2.  Some specific requirements of the environment include:

a) A fully anechoic chamber with minimal ripple in the quiet zone. 
b) Dual polarized or circularly polarized measurement antenna suitable for acquiring the total electric field vector.
c) Traceable instrumentation for establishing a communication link to the DUT through the measurement antenna, 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.

d) 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.
e) Standardized phantom head, hands, table/lap tops for near field impact measurements.
6.X.3 Approach

6.X.3.1 Configuration Parameters

The basic configuration is defined in the calibrated OTA test environment, section 5.2.3.1.  The following sections provide more detailed modifiers related to device orientation and phantom use to provide more standardized direction on their use. 

6.X.3.1.1 Baseline Configuration
The baseline configuration is defined in the calibrated OTA test environment, section 5.2.3.1.1. 

6.X.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.  Three orthogonal positions are recommended for each antenna, with one position along the +Z direction, one position normal to the surface of the DUT, and the third position orthogonal to the first two.  The three orthogonal positions should be chosen in the direction that provides the best “air” exposure to the antenna (i.e. minimize blocking due to the body of the DUT).  In the case where the +Z direction coincides with the orientation normal to the DUT, or is unavailable, the preference is to orient the antennas along major axes of the DUT (X, Y, Z).

b) Change of switched/dynamic antenna configurations. In devices with several possible antenna configurations and automatic switching to select between them, the automatic switching should be disabled and each antenna configuration measured separately.  The expected or effective total performance metrics of the dynamic DUT could then be determined by choosing the best performance at each point in the measured patterns, or using the average performance at each point.  Note that choosing an effective performance metric as the best performance at each point may only describe the potential performance of the DUT in a primarily LOS environment, where the DUT can adapt to direct energy in the required direction, but the average performance metric may be more realistic for general performance evaluation.

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

· For phone devices and other head-worn gear, the DUT should be mounted to a SAM phantom head and the phantom should be mounted on the positioner so that the nose faces in the +X direction and the top of the head faces in the +Z direction.  SAM phantoms are designed with alignment guides, and the earpiece of the DUT should be at the intersection point marked on the ear with the center axis along the line between the ear and mouth.  The DUT should maintain contact with the ear and tilt towards the head until it contacts the “cheek” surface without losing contact with the ear.

· Left ear and right ear variants should be measured

· Head plus hand variants may be measured. 

· For handheld devices (PDAs, etc.), hand phantoms may be used.  The DUT should be positioned as normally held with the tip of the hand or the top of the device facing along the +Z axis and the face of the DUT along the +X axis.  Variations on orientation should be documented in the test report.

· For other portable or body worn devices, hand and/or torso phantoms may be used as needed.  The DUT should be positioned as expected for typical use.  It is not possible to list all possible variants here.  The mounting used should be recorded in detail to allow duplication of the measurement results.

· Desktop/wall phantoms may be used for devices typically placed or mounted on those surfaces.  Standard mounting orientation of the DUT should be maintained, with the exception that for wall mounted DUTs, if desired, the definition of the “top” and “front” of the DUT may be reversed for both the phantom and free space measurements so that the top is normal to the surface of the phantom.  This change should be documented in the test report.

· Cables should route radially out from the DUT along the phantom surface and then route underneath the phantom.

· Alternatively small cables may be routed through the surface of the phantom at least 1/2 wavelength away from the DUT using the smallest allowable hole.  In no case should a hole be larger than 10% of a wavelength, and each hole must be at least one wavelength apart.  The total number of holes should be make up less than 1% of the total surface area of the phantom.

d) Different cable configurations and routings may be tested.

· Additional cables can be added or removed to see the effects of cabling on measurements.

· Battery powered devices can be run on cabled power supplies.

· Testing with and without ferrite suppression can be used to just the amount of cable coupling involved with the DUT.

· Different orientations of the cables can be evaluated.

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

6.X.3.2 Test conditions
There are a variety of metrics that can be determined using this test system.  The first order metrics are measured at individual orientations of the DUT, while the second order metrics are determined by integrating various first order metrics across the entire pattern surface.  The test conditions for these metrics match those of the conducted tests with the following additions and exceptions:

a) Spherical pattern data should be acquired at angular resolutions sufficient to resolve any pattern effects that have significant effect on the desired metrics.

· A maximum of 15° step is recommended for radiated power measurements.

· A maximum of 30° step is recommended for radiated sensitivity measurements, allowing for the longer duration of each sensitivity measurement.

· Finer steps should be used for larger DUTs and DUTs that have more complicated patterns.

· Spherical patterns are measured across the entire surface for the range of  = 0-180°,  = 0-360° (conical cuts), or  = 0-360°,  = 0-180° (great circle cuts). 

b) The sensitivity search should be configured to look for the 10% PER point as quickly as possible.

· Ensure that uplink connection from DUT to test equipment is sufficient to ensure 0% PER on this link at all points.

· Use large downlink power steps with low frame count until sensitivity region is reached.

· Switch to finer step with more frames near sensitivity.

· Last step size should be no greater than 1 dB.

· Report power level of last PER < 10% consistent with a 95% confidence interval at 1000 frames.

· Ensure that search does not erroneously stop at over-range PER points near top of PER vs. power sweep.

· The ACK counting method for determining PER is recommended to avoid the need to add cables to the radiating system.

c) Other parameters can be varied similar to those for tests performed in other environments (conducted or  OTA) in order to determine the effect on or degradation of the associated traceable OTA metrics.

6.X.3.3 Measurement Procedure
6.X.3.3.1 Specification of metrics

There are a number of OTA metrics that result from this measurement procedure.  The fundamental or first-order metrics are based on the instrumentation and methodology used for conducted transmit power and conducted sensitivity measurements.  The following metrics are determined by measuring either of these metrics at any position/orientation of the DUT using the calibrated OTA system and applying the range calibration correction (in dB):

Effective Isotropic Radiated Power (EIRP) = transmit power of the DUT measured at the test equipment receiver plus the range calibration correction.  The EIRP represents the power that would have to be radiated by a theoretical isotropic radiator in order to produce the power level received at the test equipment.

Effective Isotropic Sensitivity (EIS) = sensitivity level of the DUT measured at the test equipment receiver minus the range calibration correction (better sensitivity is a lower value).  The EIS represents the sensitivity of a theoretical isotropic receiver when illuminated with a plane wave transmitted from the test equipment at the power level recorded for the DUT.

Note that these values are calculated for each component of the total field (since the correction is likely to be different for each polarization of the measurement antenna) and then combined to determine the total EIRP or EIS value at each data point.  The total values are determined by converting the power values in dBm to power values in linear units (mW) and then combined.  (P(mW) = 10P(dBm)/10)  The following equations are used to determine the (linear) total EIRP or EIS at each data point.
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The EIS sums as an inverse value since better performance is represented by smaller values. Thus, the total EIS is smaller than either orthogonal component of the EIS.

Some other metrics can be determined from the surface values:

Peak EIRP is the maximum (best) EIRP found throughout the entire pattern.  This value is used to determine directivity and peak gain, and corresponds to the value typically controlled by regulatory agencies as the strongest signal radiated from the DUT.

Minimum EIS is the best EIS found throughout the entire pattern and is analogous to the Peak EIRP.  This value can also be used to determine directivity and peak gain of the DUT.

The individual effective isotropic data points can be integrated across the surface to create the following total power metrics:

Total Radiated Power (TRP) is the total power radiated by the DUT in all directions.  Includes losses due to the efficiency of the antenna.

Total Isotropic Sensitivity (TIS) or Total Radiated Sensitivity (TRS) is the total sensitivity level of the DUT, representing the sensitivity of the DUT to an incoming isotropic wave, accounting for losses due to the efficiency of the antenna.

Assuming N even steps between 0 and 180°, with  0 = 0°,  N = 180°,  0 = 0°, and  2N = 360° (conical cut data acquisition order), then the total surface integral can be calculated from the following equation:
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where  n =  n  / 180° is the theta angle expressed in radians, P is the measured EIRP or 1/EIS at each data point, and T is the resulting TRP or 1/TIS.  Note that again, the EIS terms must be inverted, summed, and then the result is inverted to determine the final TIS value.  Note that the  0 = 0°,  N = 180° points don’t actually appear in the sum.  That is because the sin() term at each of those points is zero.  

There are a number of useful ratio metrics that can be determined from this data:

Directivity is the ratio of Peak EIRP to TRP (difference in dB).  It represents the increase in performance in the peak direction over that of an isotropic radiator for the same total radiated power.  It can also be determined as the ratio of TIS to Minimum EIS.

Front to Back Ratio is the ratio of the Peak EIRP to the value of the data point on the exact opposite side of the pattern.  This term is important for highly directional antennas and should be small for omnidirectional antennas.  It can also be determined similarly using minimum EIS.

If the conducted transmit power or sensitivity are known, then these ratios can also determined:

Gain is the ratio of Peak EIRP to conducted transmit power (assuming that this is the power applied to the antenna of the DUT).  It represents the apparent increase in radiated power over that of an  isotropic radiator for the same antenna input power.  Thus, it includes losses due to the antenna efficiency.  It can also be determined as the ratio of conducted sensitivity to Minimum EIS.

Efficiency is the ratio of TRP to conducted transmit power (assuming that this is the power applied to the antenna of the DUT).  It accounts for the effects of the antenna VSWR and the internal losses of the antenna.  It can also be determined as the ratio of conducted sensitivity to TIS.   

Other partial power metrics can be calculated by integrating only portions of the surface to represent specific information about the DUT.  More complicated analysis of the EIRP/EIS pattern information, such as mean effective gain (MEG) can be used to evaluate the data in different contexts.  In addition, the pattern data can be applied directly to environment modeling tools to determine real world performance of networks made up of multiple DUTs tested using this methodology.

6.X.3.3.2 Procedure
Mount the DUT in the test environment and configure as described in the baseline configuration.  If single position EIRP/EIS points are to be measured, move the positioner to those points, measure the corresponding power or sensitivity, and correct as described above.  If full spherical pattern information is to be acquired in order to determine TRP/TIS, follow these steps:  (Note:  This procedure is for conical section data acquisition.  However, great circle acquisition order is allowed as well.)

Choose one positioner axis ( or ) as the primary positioner.  This positioner will typically be stepped from 0-180°, while the secondary positioner will be stepped from 0-360° at each position of the primary positioner.  Provided the DUT is stable over time, this order can be varied without affecting the measurement result provided full and unique coverage of the surface is obtained.  

a) Choose a step size that evenly divides into 180°.

b) Move both positioners to 0°.

c) Switch to the first polarization

d) Measure and record the power level received at (TRP) or transmitted from (TIS) the test equipment at this polarization and position.  Note that both values can be measured and recorded during the same test.

e) Switch to the second polarization.

f) Repeat step f for the second polarization.

g) Move the  positioner to the next position (take a step).  Note that there is only one data point at the top and bottom of the pattern, so there is no reason to measure for each  angle at the top and bottom of the pattern.

h) Repeat steps c-f to measure this data point.

i) While the current  position is less than 360° minus the step size, move the  positioner to the next position (take a step).  Note that  = 360° is the same point as  = 0°, so there is no reason to measure it twice.

j) While the current  position is less than 180° minus the step size, move the  positioner to the next position (take a step) and go to step c.  (Note that the step direction can be reversed every other cut to reduce test time, stepping from the last  position to  = 0° for even cuts.)

k) Move the  positioner to  = 180° (take last step).

l) Repeat steps c-f to measure the last data point.

The measurements can be repeated for all of the different test and DUT conditions defined above and for the calibrated OTA system.  Data is then processed and presented as shown below:

6.X.3.4 Reported Results

The results can be reported as tables and graphs of the EIRP and/or EIS for each polarization and the total patterns.  Views of each cubic face of the total spherical pattern in 3-D are useful for understanding the actual pattern shape.  The individual metrics calculated from the total patterns should be reported in tabular format.  The report should include all details required by the corresponding conducted test, as well as details on each variant used in setting up the DUT.  Photographs are recommended for documenting the exact physical setup, otherwise detailed text descriptions are required to ensure the test can be repeated.  
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Abstract


This document introduces a number of quantitative over-the-air performance metrics, such as Total Radiated Power and Total Isotropic Sensitivity, for testing the RF performance of individual 802.11 devices in a Calibrated OTA environment.  These metrics are intended to measure the RF performance of each DUT in finished form, combining the effects of antenna(s), radio(s), DUT chassis, and interaction with objects in the near field to determine quantities that reflect the performance expected in actual use.  This document represents an update of the Section 6 text from 802.11-06/0131r1 and is dependent upon the calibrated OTA environment defined in 802.11-06/0760r1.
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