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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 in TSGR4#16(01)0396. 

1. Summary

There is a big need for a realistic method to measure antenna efficiency in the UE and this need is discussed below. The measurement of antenna efficiency is a quite complex task which is the main reason why there has not been a common understanding for such a method in for instance the GSM system. Obviously the need is even bigger for the more wideband downlink in the third generation systems. An important work is being done in COST273SWG2.2 working group and there is a CTIA draft for a measurement method. These and other methods are discussed together with the scheme proposed in TSGR4#16(00)0396 which is intended as a tool to make a choice between different methods.   
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2. Needs for an agreed efficiency test method

The last decade a vast material has been published telling that the effective efficiency for a mobile phone antenna during use (“talk position”) generally is poor and also very different in different cases. Rather than the 0 to –3 dBi under “free space” conditions the average value for a 900 MHz phone is only slightly better than –10 dBi with a variation from –5 to –15 dBi for different brands, users and way of gripping the phone. There is a pronounced frequency dependence giving roughly half as many dB at 1800 MHz and 50% more dB at 450 MHz.

Clearly this figures implies that the assumptions for UE effective radiated power and receiver sensitivity should be made with care. In present specifications a 0 dBi antenna is assumed (see for instance §6.1 and §7.1 in 3GPP TS 25.101) and this is obviously optimistic as the real case will be much worse. If a lower efficiency value is assumed the coverage estimations will imply a need for more base stations. The need for better antenna efficiency will also be more pronounced when high bandwidth transmission is requested so a coverage map for high speed transmission would be very different for terminal with very different antenna performance but otherwise the same function.  

As compared to present phones there will be more positions of typical use depending on the nature of the UE. Positions like “in hand”, “in pocket”, “on wooden table” and “on metal table” are examples.

The antenna characteristics (mainly efficiency) thus should occur among the specified terminal parameters in order to ensure the intended wireless function and avoid big holes on the coverage map. For 3G systems the high speed coverage map will in a sense be much more influenced by unexpected losses than the low speed coverage. Present GSM experience in dense populated areas (where 10 dB extra antenna attenuation may just be good for the IM conditions) can’t easily be translated to high speed 3G reality. So far measurements at the antenna connector (whish does not even exist in all terminals) have been applied but with regard to the big importance and big variation between different solutions the antenna should definitively be included when testing a wireless system. An obvious prerequisite is a test method with specified characteristics.

There is a need for test data in at least 5 situations:

At early development stages both antennas and phone prototypes are evaluated as “passive phones” and it is very advantageous if methods which can be traced to measurements on completed phones are used. 

For sample testing during phone manufacturing there is a strong need for reproducible measurements comparable between different plants and over the time.

When SAR is measured the radiated power should be measured as well to avoid that low SAR is gained at the expense of low efficiency (and still compatible with the present GSM specification).

For market surveys made by for instance network operators there is a need to compare different products in a fair way. The same applies to different kinds of research where a repeatable and reproducible method is needed for instance to compare the same unit in various environments of use.

For network planning there is an urgent need to know the typical antenna efficiency and how much is changes during different conditions. In an area which is coverage limited each dB worse sensitivity implies around 10% more base stations. Put in another way the area for high speed coverage would be twice as big for a terminal with 6 dB better efficiency (a common difference between the phones of today).   

Rather than a very specific test equipment (“instrument X set to condition Y”) test parameters should be defined in a way allowing different equipment matched to different local conditions and different needs (active/passive phones etc.) but still having a possibility to trace the results. Some users may very well use a simpler equipment with a more limited scope. 

3. Short survey of existing/proposed methods for phone testing

The intention of this survey is to give examples only but with emphasis of those who are in use or are likely to be used. None of them is general established but some are close to be decided by big organizations (such as CTIA) while others are used since long time but within certain organizations only. 

3.1 CTIA

From CTIA a method described in “Wireless subscriber station certification program: Method of measurement for radiated RF power and receiver performance” was issued as version 0.6 in November 2000 and a version 0.7 is issued very recently (available through CTIA certification department at phone +1-202-7850081). For the radiation conditions the test is done in a standard echo free chamber with measurements done in several directions (in conical cuts) in order to cover the sphere with around 15( between each test direction. The total number of directions thus are around 250 which is time consuming but necessary at the high bands to get accuracy. Up- and downlink are measured with both polarisations and a selection of frequencies over the band. Both phantom and a real person can be included and the method is primarily intended for real phones.

3.2 GSM Association 

GSM Association has around 2 years ago issued a test specification reminding of the CTIA method and also using quite a number of directions. It was originally developed at CSELT where it was used earlier or around 4 years ago.

3.3 Other methods done in echo-free chambers

Many companies have their own procedures of which many can be said to be simplified versions of the two above. As an example IMST offers a well established measurement procedure similar to the two above and including all details to characterize a mobile phone. 

All methods based on echo free chambers need quite many directions to be measured or maximum around 15( between each point. This applies to 1800 MHz and the maximum angular step should be inversely proportional to the frequency. Hence three orthogonal cuts are adequate for 450 MHz but it seems like the use of three cuts have survived by tradition both to 900 and 1800 MHz. For 1800 MHz and higher they are quite inadequate. The need for improvement has increased when new antenna types have turned up and need to be compared to the old ones.

With traditional echo free chambers the measurement takes a long time (>1 hour) to get the 15( resolution but at least for measurement of antenna pattern (passive phone or uplink only at an active phone) modern chambers based on the spherical near field system can for at least one system on the market do a full measurement (“all” directions, both polarizations and 20 frequencies) in 5 minutes. With downlink included the measurement time will be considerably longer depending on the need for BER measurement.   

3.4 Use of real scattered field

Many companies use a relative measurement comparing the antenna under test with a known standard antenna. This has been used with good result both for car antennas (driving a known path with dual antennas) and for phone antennas moved at a repeatable way in a scattered field. Telia has published a number of handset tests based on this model. As it is a relative method it is not too depending on the choice of environment assuming the statistical properties are checked to ensure that they are close to the typical case.

3.5 Use of an artificial scattered field. 

For EMC testing the reverberating chamber (“echo chamber” with field stirring elements) is on its way into the international standard. It has been proposed and evaluated for testing of mobile phones too. At CTH in Gothenburg a broad study is going on and parts of this study was recently reported (April 27) including the presentation of a lic. thesis by Kent Rosengren in cooperation with Bluetest AB. Similar work done at Ericsson (for mobile phone testing) was presented at the same occasion (Kent Madsén). The Bluetest box was optimised for a small size (1.3 m3 or 32 3 at 880 MHz) while Ericssons box was twice as big. The small size implied that only an average (i.e. no frequency resolution) could be obtained for the 900 MHz band. This boxes have some interesting properties but also limitations which will discussed under §4 below. They do not substitute echo free chamber bur both size and cost is considerable smaller. 

A practical use of this method and apparatus in the near future has been proposed by the Swedish organization TCO Development where a quality marking for mobile phones (like their wide spread monitor marking) is planned to be issued during 2001Q3.

3.6 The work within COST273 SWG2.2 

A group formed under COST259 (kind of “restarted” as COST273) has been working with this measurement problem for a time and 8 meetings have been held since 1999. Present chairman is Gert Frölund Pedersen at CPK in Aalborg. Test parameters, different test methods etc. have been discussed and a number of phones have been subject to evaluation. The goal is to agree on a test method fulfilling the requirements. Next meeting is held in June 27 hosted by IMST near Duisburg.

A method based on measurements done in an echo free chamber using “all” directions (i.e. >200 evenly spread for 1800 MHz) has so far been considered as the most appropriate for accurate phone evaluation. No final recommendation is however reached.

4. Mapping of methods on needs as a tool to evaluate different methods

A basic discussion was presented in TSG R4#16 (01) 0396 and a summary is given under 4.1 below. The intention is to classify all possible test methods in a way that they can be compared to see what results can be obtained and which can’t with a specific method. By that way it is possible to tie together different methods which differ in details but which still should be possible to use for getting the same result. This would greatly simplify the possibility to use methods optimised for different purposes but which should still give results which can be compared.     

4.1 Basic classification of the fields applied to the UE

For all test methods involving the antenna function some field around the terminal must be specified. This is used as the first level of classification as is can be difficult to translate results taken under one type of field to another. Three types of fields are used in different methods (or standards):

“Plane waves” which means measurements in an echo free chamber. Many different systems occur with highly different performance

“Real scattered field” which is the normal (highly unspecified) environment for mobile terminals

“Artificial scattered field” means a reverberating (mode stirred) chamber 

The differences are discussed in detail in R4-(01)0396. Note that this field condition is not treated as a “test condition” as this three are supposed to be exclusive alternatives.

In short the plane waves (echo free chamber) is the main method among other as it is already a standard antenna test method in all companies working with wireless system or components. It is also a direct (and deterministic) method which means it is fast without need for sufficient number of independent samples etc. occurring is stochastically based methods. One practical problem is that most antenna measurement chambers are built for high gain antennas which means that accuracy and test time may be poor as compared to modern antenna test chambers intended for omnidirectional antennas. As an example a full antenna pattern (phase+amplitude with 5-10 degrees resolution and 20 frequencies) can be measured in 5 minutes with a modern spherical test chamber. With a suitable post processing all kinds of external field distributions can be taken into account. Measurement chambers built for other purposes may be both inaccurate and time consuming (hours as compared to 5 minutes above). 

Real scattered fields are mainly used in various field tests but have successfully been applied to lab tests as well in a comparative way. As they are statistic to their nature accurate measurements will be rather time consuming. To get a few tenths of a dB in accuracy a Rayleigh distributed field will need an average over 500-1000 points. Anyhow real fields should be the basis for MEG calculations etc. and obviously they are important for field tests.

Artificial scattered fields have been used in shape of a reverberating chamber which is a metallic box with stirrers. Two basic limitations are that the volume (as expressed in cubic wavelengths) limits the frequency resolution and that the method basically converts a deterministic signal to a stochastic which increases measuring time (a few 100 rather than one value have to be measured). With for instance a volume of 323 (1.3 m3 at 880 MHz) the best resolution will be 25 MHz due to the occurrence of resonant modes. At 1800 MHz the resolution is 4 times better (1/f2) than at 900 MHz. A third limitation is that the angular distribution of the radiation is omnidirectional and difficult to change. With these limitations in mind the method has been shown to give good results using an equipment which is small and fairly low cost as compared to an echo free chamber (which it don’t substitute).    

4.2 Basic classification for terminal antenna test methods
Test conditions and test results are discussed in R4-(01)0396 and can in a more comprehensive way be classified as:


Main groups
Main examples etc.

Test conditions
External fields
Direction, polarisation


Near zone conditions
Free space, various talk positions (defined like SAR), dummy hand, real person. 3G system will need other positions too like “in hand”, “in pocket”, “on wooden table” and “on metal table”


System parameters
Frequency, up/down-link, active/passive phone, different phone systems. Frequency dependence is especially important

Test results
Uplink (power) and downlink (BER) are main divisions. Standard test instruments are generally used.
Average gain in different environments (MEG) and under different conditions (FS/TP etc). For some post processing (among them MEG calculations in various environments) the phase must be measured.

General properties
Test equipment complexity
Different needs is reflected in very different types of equipment. Tracing of results is still important.


Test time
There is a trade off between amount of result required and test time. A short time is anyhow important but a full set of measurement is time consuming.


Traceability
Results gained at an early development stage shall be possible to trace to real UE

Starting with this classification the strong and weak sides of various realisations of the three basic fields can be evaluated to see how well different needs are met. There will most probably be a number of different methods in use but this comparison will help translation of results between different methods and help avoiding methods which may have weak points for the specific use in mind. In many cases the methods are simplified (such as fewer directions included than stated minimum) which might be OK but the user should be aware of the limitations that implies. 

4.3 Mapping of different basic methods to the demands

With reference to R4-(01)0396 the following matrix can be filled in to give a survey of how the three basic methods stated in 4.1 can fulfil the tasks in 4.2: 

Conditions and results from 4.2
Plane waves (echo free chamber)
Real scattered fields
Artificial scattered fields

External fields
All possibilities depending on instrumentation
Given by location. Hard to reproduce.
Reproducible but hard to change. 

Near zone conditions
All possibilities
All possibilities
All possibilities except for a real person.

Frequency
All possibilities
All possibilities (indoor if screened) but time consuming
Poor resolution in a “small” chamber such as 25 MHz

Uplink/Downlink Active/passive phone
All possibilities with suitable instru-ments. Downlink (using BER) is tests time consuming. Method simplest for passive phones 
Straight-forward ((normal use) but the good statistical accuracy (+ BER) takes time 
Typically intended for uplink. Down link (incl. diversity correlation) is more difficult but not impossible.

Different phone systems
See above with right instruments
See above with right instruments
See above with right instruments

Test results
Depending on instruments. Calibration to absolute standards possible. 
Depending on inst-ruments and time. Directions normally not available. Comparisons only.
Depending on instruments and size. Directions not available.

Accuracy
Many poor rooms exists at (1 GHz and below. Otherwise good
Statistically limited. Conditions hard to define/reproduce
Statistically limited. Reproducibility is good

Complexity
Standard equipment at “all” RF oriented companies but rath-er complex and ex- pensive. Old types may be inadequate 
Low and mainly consisting of (expensive) standard instruments
A small chamber much cheaper than an echo free chamber

Test time (per case)
5 minutes to hours depending on type
In the order of 15 minutes
In the order of 15 minutes

Traceability (to other methods/sites)
Depending on accuracy but otherwise good
Typically poor but improved by comparisons and field analysis.
Typically good but limited by the fixed field distribution

Traceability (to other development steps on same site)
Good
More difficult than artificial scattered field.
Good (comparisons)

4.4 Application to real terminal measurements

For evaluating of real phones (“off the shelf”) the key data to be defined and measured are:

Effective radiated power (ERP) integrated over all directions and both polarizations and a known power level (typically the highest). Transmitter power and antenna average gain are mixed here unless a connector also is used. MEG concept should be possible to include

Receiver sensitivity as an average over all directions. Recalculated as an average input power at a certain field strength this is comparable to antenna efficiency plus losses in the input circuits and should be possible to calculate as comparable to MEG.

Frequency dependence over RX and TX bands are generally critical as the bandwidth typically is scarce on a small phone with small antenna. 3 RX and 3 TX frequencies should be included in each frequency band but possibly this can be limited to 2+2 per band (end points). An average is not adequate.

Both “free space” condition and a few used positions should be tested. Free space is by far most reproducible but the used positions of a bigger practical importance. They are different for different terminals but for a voice phone left/right ear is the minimum selection. 

Obviously the number of tests is fairly big. A dual-band phone is measured at minimum 8 frequencies (or 12) in 3 positions (FS+right+left) which makes the total time 24-36 times the measurement time per position which should include both up- and downlink. That adds up to one day. Some spherical near field systems might improve that to 2-3 hours.

5. Conclusions

Due to the very different test conditions at different organizations it does not seems reasonable to specify a certain test equipment but rather specify test data in such a way that they can be traced between a group of different test equipment. Obviously the equipment which is both fastest and most accurate can be found among those based on an echo free chamber but it must also be said that many echo free chambers not intended for this kind of measurements may be both slow and inaccurate. Anyhow companies working with development of terminals and antennas are very likely to have such facilities of reasonable standard. To establish a standard this should be taken as a starting point. In evaluating other methods the possible shortcomings (if any) could be recognized in order to see for what purposes different facilities can be used.







