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1.0 Introduction 

In the feasibility study of UE antenna efficiency is was indicated the procedure for the measurement of the terminal antenna performance is to follow the method as defined in the CTIA document [1]. This document lists the key aspects of the CTIA report, which can be used to progress this study item and can form the bases for the technical report on this study item. 
2.0

Proposal 

Specific test methodology recommendations (with references to CTIA document):

2.1 Anechoic Chamber Configuration and Requirements

Both open air test sites and enclosed anechoic chambers have been used to evaluate the performance of antennas and radiating devices such as cellular phones. Cellular phones have the relatively unique characteristic that their radiation pattern is considerably more isotropic than are many antennas, especially high gain antennas. If reflections from scatterers in the test environment are not carefully limited, these reflections can easily degrade the accuracy of the test results. This becomes a matter of particular interest as the radiation pattern becomes isotropic in nature. Also, in order to capture the total power radiated from such isotropic radiators, the test chamber must have the capability of scanning as much of the total surface of the radiated sphere as possible. Although actual implementations will differ, a typical implementation is to mount the phone/phantom on a turntable that will rotate the head/phone from 0 to 360 degrees in phi. The measurement probe is then mounted on a single axis positioner that moves from 0 to –180 degrees in theta, or certainly as close to –180 degrees as is practical.
Therefore Motorola proposes a spherical measurement in an anechoic chamber that has a very well controlled quiet zone. The probe antenna should be moved about a sphere with a radius of at least three wavelengths from the device under test. Furthermore, in order to maintain a ±1 dB measurement accuracy, the device under test must remain in a quite zone with a ±0.5 dB ripple. It can be shown that it is possible to achieve this level of quiet zone ripple if reflections are kept to –30 dB or better. The chamber and device positioning equipment should be configured so as to allow the measurement probe to traverse as much of the surface of a sphere centered about the device under test as possible. The sphere can be scanned using conic or great circle cuts, depending on the configuration of the device-mounting fixture. The probe antenna must be capable of measuring two orthogonal polarizations at each measurement location. 

The device must be supported with a non-reflective holding fixture so as to achieve the required quite zone accuracy. Also, provisions should be made to incorporate a simulated human head, or head phantom so as to properly replicate the actual use conditions of a cellular phone.  In order to maintain low chamber scattering parameters, control of the phone is best accomplished without connecting any wires to it. Over the air control of the phone allows this to be accomplished readily and Motorola highly recommends the use of such over the air control.

References: CTIA Test Plan [1], §2.3 

2.2 Anechoic Chamber Validation

One of the largest single sources of error in radiated measurements is ripple due to reflections in the anechoic chamber.  For this reason, it is necessary to validate that the quiet zone in the chamber is sufficiently free from ripple to support the accuracy desired for the measurements.  Since the device under test (a cell phone) has a relatively isotropic or low-gain radiation characteristic, which is likely to illuminate all parts of the chamber, it is necessary to perform this quiet zone test using similar low-gain reference antennas.  The orbiting dipole and orbiting loop antenna tests are an effective and efficient method to accomplish this.  This validation should be performed at at least one frequency in each band of interest, and should be repeated periodically to detect any degradation in the chamber environment.

Reference: CTIA Test Plan [1], Appendices C and J

2.3 Anechoic Chamber Calibration

Calibration for both transmit and receive measurements is accomplished by a substitution method.  This is based on applying a known power to a reference antenna with a known gain, and then measuring the power received by the measurement system.  The difference between the known power and gain at the reference antenna and the power received by the measurement system is then the path loss for the frequency being calibrated.  At transmit frequencies, this path loss term, when added to the raw power measured with a DUT in the chamber, yields the EIRP or ERP.  At receive frequencies, the path loss term, when subtracted from the power being output from the measurement system to the chamber, yields the Effective Isotropic Sensitivity (EIS).  Appropriate calibration antennas and/or orientations of the chamber’s measurement antenna should be employed to allow establishing a path loss term for each of the two linear polarisations measured in the chamber.  

Motorola recommends that, for maximum accuracy, a calibration standard antenna that has directivity characteristics similar to the DUT be employed.  At the frequencies of interest, a half-wave dipole is a good choice.

Reference: CTIA Test Plan [1], Appendix D.

2.4 Test Condition(s)

As mentioned earlier, the phone should be controlled over the air so as to avoid introducing further uncertainty into the test results due to unnecessary scatterers. Modern day base station simulators allow the control of the power level, channel, and modulation conditions of the cellular phone. It is recommended that the cellular phone be tested in all manufacturer recommended antenna positions, at the highest transmitter power (or other powers as desired), and in a standard head adjacent position against a head phantom. For future devices that are primarily envisaged to have PDA-like usage models, an appropriate test condition in a phantom hand should be defined.   Since considerable historical data exists measuring the radiated performance of cellular phones in free space, yet another test condition of free space may optionally be added to the sequence. The radiated performance of a device as small as a cellular phone often changes over frequency, so it is also recommended to measure at least three frequencies, typically lowest, middle and highest operating frequencies or channels, and on each band of operation. For example, many GSM based phones operate on three bands (900, 1800 and 1900MHz), and this would result in nine different spherical scans for each antenna position. Lastly, since the phone can be held against either side of the user’s head, measurements should be taken on both the left and right head adjacent side of the phantom. This would then raise the number of spherical scans for the above example to eighteen. 

Many head phantoms have been developed over the years. Recently the IEEE has designed a Specific Anthropomorphic Mannequin, or “SAM” phantom, specifically for the purposes of use with cellular phones. Although this phantom was developed for the measurement of SAR, incorporation into TRP or EIS measurements, using tissue simulants appropriate for each band, is logical in that it gives both phone manufacturers and carriers a consistent measurement condition for phones.
It is recognised that the user’s hand on the phone is a significant source of additional loss in the link, so a hand simulation ultimately is desirable as part of the test condition.  At this time, an agreed-upon hand phantom and positioning methods are not well-defined, so testing with a head phantom only is recommended.  At such time when a hand phantom and positioning has gained acceptance, Motorola recommends its use be added to the preferred test condition.

References: CTIA Test Plan [1], §1.7, 2.3, 2.4 and Appendix E
2.5 Data Gathered and Measurement Procedure

The spherical scans may of course be gathered in any order that makes sense as is relevant to the particular test set-up and equipment. Typically, a single spherical scan will be performed with the phone set to a single channel, power level, antenna position, and phantom head side. Then one individual parameter will be changed, and a new spherical scan will be performed.  At each measurement angle in the scan, the pattern quantities of interest, EIRP and EIS for transmit and receive, respectively, are recorded for each of the two linear polarisations.  Ideally the entire sphere must be scanned with sufficiently small resolution so as to capture all the necessary nuances in the phones radiation pattern. It can be demonstrated that data taken every 15 degrees in both the phi and theta axes are sufficient to meet the ±1 dB overall accuracy at typical cellular frequencies.  Coarser measurement increments can result in poorer accuracy, and this possibility should be assessed before hand. This results in 277 data points spread over the surface of a sphere. Combined with 2 polarisations taken at every phi/theta location, 454 data points will then have to be reduced to the single performance figure. 

References: CTIA Test Plan [1], §2.2 – 2.5

2.6 Data Post Processing

For both transmit and receive tests, the resultant data are complete spherical patterns, in two polarisations, of EIRP or EIS, respectively.  To reduce these data to a single figure of merit requires an appropriate integration technique.  A spherical integration of EIRP, with a sin-theta weighing function to compensate for the uniform angular sampling method employed in this test, yields the total radiated power (TRP) of the DUT.  A spherical integration of EIS yields total isotropic sensitivity (TIS).  These integrations reduce to summations for the discretely sampled data resulting from the tests.

Motorola submits that these total integrated quantities are the best compromise as predictors of performance, even for environments where the local scattering may show a statistical trend toward a particular range of angles-of-arrival.  This is because of the variation in orientation of the phone when in use at either side of the head, in the hand, or in a belt clip, and because of the variation in scattering models for the various environments in which people use their phones.

Reference: CTIA Test Plan [1], Appendix I and Appendix B, equations B.2.1-1 and B.2.3-1 

     Motorola 3GPP submission [2], Appendix A1

Annex A.  Criteria

Criteria should be based on total integrated quantities as described above, rather than peak pattern quantities or averages in a single pattern cut only.  The use of the total integrated quantities makes it easy to relate criteria to simple physical parameters like conducted power of the phone and known antenna efficiency ranges, which will help in establishing these criteria scientifically.  Selecting criteria will require consensus of the entire group.  It is advisable to survey performance of existing products in the field and to examine link requirements to select these criteria.  CTIA has chosen not to set criteria until after an interim period while data is gathered on existing and new phones.  
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