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0. Scope

During the TSGR4#13 meeting a study item was established titled “Feasibility Study of UE antenna efficiency test methods performance requirements” scheduled to be completed in June 2001. See R4-000732. Rapporteur is olle.edvardsson@allgon.se. A summary of test methods used so far is given below. 

1. Summary

The measurement of antenna efficiency is a fairly complex task and to sort it up a survey of basic test parameters and basic test methods is done. In most cases a simplified method is used or proposed and in the survey below it can be deduced which the losses of information can be when various simplifications are applied. The final result is intended to be a tool to make a choice between different methods.   

2. Test philosophy

Type approval and production of mobile phones are always done with some kind of galvanic connection (typically a 50 ohms connector) but on the contrary all phones are fitted with antennas while they are in practical use. The number of phone models fitted with a separate 50 ohms connector are decreasing. The term “apparent antenna gain” is introduced to bridge this discrepancy between practical use and lab tests. Three needs for this definition are:

In power budget calculations (even for coverage predictions) many times a supposed standard-value (like –3 dBi or even 0 dBi for UMTS) is used. This assumed value needs to be replaced by an “apparent antenna gain” which can be measured and specified. This would give more realistic coverage calculations which is especially important for UMTS system where wide-band coverage anyway will be partial. 

A second use is to compare different implementations like different handsets, different antenna solutions or different uses.

A third use is to have comparable test methods over the development cycle aiming to ensure that the early antenna prototype giving the best performance also should lead to a performance among the best when finally measured on a live handset.

Below the test parameters are defined and compared to different basic test methods. The investigation is focused on the electromagnetic fields and how they are created while test instrumentation etc. is of standard type. Test instrumentation will develop over the time and be a bit different for different systems but a formulation around the wireless propagation should aim to be sustainable for such changes. A matrix will de derived to see how well different methods fulfills the stated requirements and where improvements are needed. If hypothetically testing time and costs should be without importance an exact method can be thought of and starting from that the losses in accuracy etc. by different methods can be estimated for different practical simplifications.  

3. Test parameters

A number of parameters can be listed which are supplementary parameters for the efficiency:

1. Primary test parameters are power, amplitude, phase, BER etc. and may be a bit different for different systems. However some conclusions may require some of this parameters and the choice of instrumentation must be done accordingly.

2. Absolute accuracy of efficiency is obviously important both for power budget use and for comparison of measurements done at different labs using different methods. Methods and instrument calibrations are two of the many contributions. Some methods may show limited capability for absolute accuracy.

3. Repeatability of efficiency is important to take into account as many methods using real or simulated fields are by their nature are statistical. Repeatability will always be an issue when it comes to comparisons using a limited testing effort. 

4. Directional properties must be taken into account as both fields and terminals have directional properties. Different fields (indoor, outdoor etc) will interact different with different terminals and must be known. For instance free space and talk position for a voice terminal will be very different. There is for instance a need for investigation of how dense the measurements must be done to make a fair average.

5. Polarization properties must be taken into account and generally both polarization, phase and amplitude must be known to calculate the influence of various environments. Normally horizontal and vertical polarization have a few dB different propagation properties.

6. Free space measurement is an important and uncontroversial standard test however with very limited connection to real use. It should also be recalled that there is a big difference between real “free space” for an insulated phone and the case with a phone connected by a cable to some test equipment. 

7. Talk position with a real person is a kind of reference but must be understood in a statistical sense as all persons are different both as individuals and from time to time.

8. Talk position with phantom is the typical practical method but needs a number of definitions like type of phantom, positions etc. Similarity with SAR phantoms is used for practical reasons but there are definite difference in regard to what should be seen as “worst case”.

9. Dummy hand and other near zone effects are of comparable importance as the head phantom and for many 3G terminals the head phantom may even less adequate than hand and other near zone influence.

10. Frequency dependence (incl. up/down-link) is important as most antenna structures are narrow-band and will change their center frequency due to near zone effects. Usually the phone antennas are narrow-band devices and the center frequency will for most phones be lower in talk position as compared to free space. It is thus necessary to arrange antenna gain tests to take such changes into account. 

11. Up-link/down-link test methods are different for real phones and generally includes a network tester. For up-link the power received from the phone is measured while typically BER in the terminal is measured for down-link.

12. Different phone systems must be possible to measure with the same basic methods but with some different instrument (or settings). Development goes toward a system tester capable for many systems.

13. Active/passive phone may be more or less complicated to implement with different methods but it is important to include both. Preliminary antenna tests are passive only while tests on live phones are active only. 

14. Traceability means that basically the same method must be possible to use all the way from early antenna prototypes to a phone from the shelf. Instruments will be different for tests at various stages but the basic way of treating the fields should be similar to make it possible to translate the test values. 

15. Equipment complexity should preferable be simple but a scientific correct method is more important at least as a kind of standard. Various simplifications will be studied to see what information is lost for various simplifications. 

16. Measurement time is very important as most tests include a number of different positions etc. Especially tests using statistical properties may be time demanding as something like 1000 samples typically are required to estimate a Rayleigh distributed signal. 

4. Principal methods

As the focus is on the wireless propagation the main division is made after the method of creating or simulating the fields and three basically different methods have been employed:

Real field. In a very theoretical way a sufficiently big practical test will give the efficiency at an arbitrary accuracy. As digital phones are registered and can be reasonable localized this can even be made in the network in a large or very large scale. This will in a sense result in readings finally converging to a true result. However two of the obvious drawbacks are that the result will arrive far too late for a model under preliminary design and that the effort is unacceptably expensive or impossible for other reasons. The basic principle can however be applied in a small scale too. The pioneer company Motorola did long time ago used a person walking around a prescribed path while communicating with a base station or a system test instrument (like the CMD55 or CMU from R&S). Telia in Sweden use a more systematic method adaptable for a phantom head. The “walking around” is there substituted by repeatable rotations arranged to give a sufficient number of stochastically independent samples. Historically this could be done with fairly simple instruments but the statistical basis will anyway require extensive measurements to make the result converge to an average with a good accuracy. One obvious problem is the number of measurements to test many environments. 

Full antenna pattern measurement plus use of measured input field. This will give access to all information about the fields around the terminal with its user and with knowledge of the fields in various environments this method will give full information without the extensive set of data required for a method based on real fields. Most reported tests are related to this basic method but usually with few cuts only for the measurement of antenna pattern. The influence of the hard data reduction is thus a hot question to judge the capability of various simplified versions of this basic concept. Historically instrument development works in favor of this method as faster and more advanced instruments are available. System development (5 times higher frequencies (2250/450 MHz)) even makes it necessary with more measurement cuts. This will make the old test methods obsolete even if a one or two cut test were sufficient once upon a time when the NMT450 or similar was used. At that time as all patterns looked very similar like dipole patterns and were easy to characterize.      

Artificial field in various environments of which one is a metallic chamber with one or more stirrers. Possibly several antennas (pseudo randomly fed) in an unechoic chamber can do the same. The metallic chamber with stirrers is a method used for EMC tests. In contrast to the two basic methods mentioned above there is, at least for the metallic chamber, no obvious convergence to a true value. Lack of similarity between the real field and the artificial one is likely to get differences in the final result (which may be of acceptable size or not). The signals in the mode stirred chamber are very different from what is experienced in real use (much bigger delay spread) so real phones may experience problems.

The various implementations of the three basic methods to treat the fields can be sorted in the following list:

Real field: “Walking around” in a literary sense (old method from Motorola and others), “double rotating” (Telia), “passive use of network” (walking or driving around in a real environment), “network based local” (single mobile recorded during known movements close to a base station or a test instrument) and “network based large scale” (large scale recording of actual traffic).

Full antenna pattern: True “2-axis test chamber using mechanical/mechanical movement” (Alcatel, Toshiba, Orbit, Nokia, CPK and others), true “2-axis chamber using electrical/mechanical movement” (Satimo) and “1-axis chamber with a number of cuts” (CSELT, IMST, Orange etc). Various use of environment measurements or estimations for evaluation. Incoming fields have been studied by CPK, Nokia and others. Compared to the other two methods this has the potential of being very fast as it do not use stochastic methods.

Artificial fields: ”Reverberating chamber” (FOI, Sweden(Mats Bäckström)), “Mode stirred chamber” (Chalmers and other) and “multiple antenna chamber” (not reported) can be thought of. It is not clear how much attenuation is acceptable within the chamber before the statistics will turn bad. Another question mark is how well a phone will work is this special signal environment which is quite different from a real signal.

5. Basic fulfillment of requirements 

The three basic ways to treat the radio fields will have different influence on the different test parameters. It is fairly complicated with the big number of systems but in a simplified way the following matrix can be set up. The term “convergence” is used to indicate ability to improve measurements by increasing the number of samples  


Real field
Full antenna pattern
Artificial field

Primary test parameters
Through system tester/base station only
Phase/polarization necessary
Amplitude only

Absolute accuracy
Long convergence needed due to the statistics
Can be good already for a small number of measurements
Statistical conver-gence is OK but model may differ

Repeatability
Statistic variation
Good
Statistic variation

Directional
As good as real field is known
OK
Can not be included

Polarization 
As good as real field is known
OK
Can not be included

Free space
OK as a comparison
OK
Non real distr.

TP real (=human)
OK as a comparison
OK
?

TP Phantom
OK as a comparison
OK
Q?

TP phantom+hand
OK as a comparison
OK
?

Frequency dep.
OK but limited by available channels 
OK
OK

Up/down-link
OK
OK
OK

Different systems
OK
OK
OK

Active/passive
Passive may be difficult fore some.
OK but different systems may have different solutions
Active may be difficult.

Trace-ability
Comparison
OK
Comparison

Complexity
Fairly simple and using standard type equipment
Standard antenna test equipment
Special box less costly than antenna test chamber.

Time
5-10  inutes per each measurement
5 min and up but heavily depending on system
A few minutes per each measurement.

6. Some basic limitations related to use

For each of the three groups there are some typical limitations some of which are listed below.


Real field
Full antenna pattern
Artificial field

Data for power budget calculation using real phones
Slow convergence but ultimately to a correct value corresponding to chosen fields.
Fast measurement but depending on correct field assumptions.
Fast measurement but limited to the artificial field used

Comparing different phones and anten-nas, research etc.
Slow convergence. 
Good accuracy and fast results
Faster and more controllable than a real field. Slower and less accurate than a good antenna pattern.

Antenna develop-ment (on phones)
Slow convergence.
Good
Fair

Early antenna development
Slow convergence.
Standard method
Fair for gain but no details available.

7. Some associated topics

7.1 Required angular resolution for antenna measurements

Any antenna which (including a possible conducting support structure) can be enclosed within a sphere can have its fields outside of said sphere exactly described as a sum of spherical wave functions. The spherical wave functions are ordered in a two dimensional way by integers n and m where m is azimutal variation (like cos(m) etc) and  n(>=|m|) is variation with elevation in a coordinate system where z-axis is vertical. For increasing integer n the spherical wave functions will decay fast and as a very coarse estimate the minimum number of harmonic components can be said to be required to range from 0 to 1.5ka. k is the wave number () and a the radius of the sphere supposed to be as small as possible to contain antenna and supporting structure (i.e. phone plus head and hand). The product ka is the circumference in wavelengths and for instance 35 cm diameter and 2.3 GHz gives harmonic components up to n=8. Without elaborated interpolation schemes 5 measuring points per period can be assumed giving 360/(8*5)=9( resolution. For a lower frequency the resolution can be coarser and for instance 450 MHz would require 45( resolution if a fair plot of the antenna pattern should be obtained. For calculation of total power a more coarse resolution can be used but never less than 3-4 times bigger angular intervals.   

7.2 Use of phantoms 

Typically the antenna gain in talk position is 8 dB or more below the free space gain and a fair talk position measurement is thus necessary. Practical tests have reveled big differences between different persons so a more practical way is to use a phantom head. Several such heads have been developed but for practical reasons the same standard as for SAR measurements is supposed to be used. There is a fairly good consensus about which SAR head to use and the existence of a usable phantom head is important for the choice. This is not to say that the SAR head is ideal for this purpose but it is fair enough. The biggest shortcoming is that little efforts have been spent on a corresponding phantom hand. For SAR the hand is supposed to decrease the fields in the hand and with SAR treated as a safety issue a kind of global worst case is sought for. Thus there will still be a need to define a phantom hand.   

7.3 Stochastic accuracy 

Some of the measuring methods relay on stochastic methods. If 1000 samples are used for an averaging of a Rayleigh distributed signal that means an accuracy in the order of (0.3 dB which is close to minimum to be useful (99% level of confidence). Depending on the situation it might be necessary to make a test to see whether the Rayleigh assumption is valid or not. As the accuracy changes as the square root of the number of samples is practically difficult to make the accuracy much better. 







