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Description of Antenna Test Method Performed in Scattered Field for GSM MS 

Introduction

Traditionally the mobile telephone was a heavy piece of equipment, usually installed in a vehicle and equipped with an outdoor omni directional antenna. This is a reasonable solution if the base station will most likely be located at the horizon in some direction, that is not known. It is, in this case, possible to have antenna gain relative to an isotropic reference and thus increase the coverage, i.e. the distance from the base station where you will have service. The influence of multipath propagation may be disregarded when measuring the antenna gain in this situation.

The development of handheld Mobile Stations (MS) has changed the situation. The antenna is thus quite close to a human and shadowed. Mobile telephones are also used extensively in urban areas both out door and in door. I.e. the scenario has changed,  base stations are placed tighter for other than long distance propagation reasons and capacity as well as in door and in car coverage often restricts the radius of the cells (coverage). The MS antenna gain, or efficiency, in these multipath situations is thus important to subscribers and operators. Manufacturers will also benefit from a good standardised method in their development of new products. 

A method to measure mobile station antenna  “efficiency” relative to a dipole in a scattered field has thus been investigated. It is proposed that COST259, WP2, with its expertise, studies this method in an effort to find a suitable method that can be widely accepted in the telecom industry and that may become a standard also for type approval.

Antenna gain for mobile telephones – why, when and where

In 1994 Telia noted that some mobile stations, when held in the hand, lost some 10 dB in sensitivity. This triggered an investigation of the antenna performance in a “real life situation”. The investigation showed very large variations in the antenna efficiency, or “body loss”, for different mobile stations. 

Two basic ideas were governing the investigations:

1. It was to measure the performance of the mobile station with antenna, including the effect of the human, in a multipath environment. I.e. in a shadowed situation where multipath  propagation is likely to be present.  This measure thus has to be an average over all (or some) directions. 


2. The measured efficiency should be relative to a well known reference antenna, a half wave dipole. This enables operators to verify in door coverage with a dipole antenna and a test mobile, or a measurement receiver. The real coverage can then be calculated, or an attenuator can be inserted between the antenna and the test mobile.

MS antenna efficiency is important - where?

It is important to note that in a Line Of Sight (LOS) situation there is no real need for any antenna gain in a mobile station. A typical isotropic maximum path loss for a mobile telephone is +33-(-102)+10-17 = 145 – 152 dB (GSM900), with 10 – 17 dBi base station antenna gain. This will give a cell radius of approximately 40 km in a Rural open environment and even more in LOS conditions, while the Urban Indoor cell radius is only approximately 2 km (GSM 03.30). It is thus primarily for in door, in car, coverage or in other shadowed areas the MS antenna gain is most important. 


How to measure antenna gain for mobile telephones

Telia has developed an “Antenna Test Method Performed in Scattered Field” and many GSM900 and GSM1800 and also some NMT mobile stations have been tested. The description is attached. It is a substitution method with an estimated overall accuracy of ( ( 2 dB, for the transmit mode. Note that the MS transmit power is included in the result. I.e. the nominal (maximum) power is used in the reference measurement.  

Disadvantages or problems

The method have some disadvantages/problems that has to be resolved:

1. There is no known method that can validate that the room has the proper multipath propagation that is needed for the presented measurement. 

2. The measurement time is considered too long by some manufacturers, 15 -  20 minutes per mobile measurement ( or reference ).

3. The measured antenna “gain” includes the MS output power.

4. There is no equivalent measurement for the MS antenna gain in receive mode, duplex band. 

5. The hand may be difficult to model

6. Both left and right hand talk position should be considered

Conclusion

A method to measure mobile station antenna  “efficiency” relative to a dipole in a scattered field has been investigated. It is proposed that COST259, WP2, with its expertise, studies this method in an effort to find a suitable method that can be widely accepted in the telecom industry and that may become a standard also for type approval. 

Description of antenna test method performed in scattered field for GSM mobiles
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1 Introduction

Today the GSM specification doesn’t state any antenna test for a mobile station (MS). Other specifications for cellular mobile telephone system state however that the MS shall be measured standing alone on a wooden plate. This test, however, only reflects a very specific situation , where the user has a line of sight (LOS) to the base station, and it does not even take into account the fact that the user normally also have a hand and a head in the vicinity of the antenna.  It is, in fact, no need for an efficient antenna as long as LOS conditions prevail, because of the low pathloss.  It is in a shadowed, multi path environment where there is a real need for an efficient antenna. 

We have thereforeproposed a method that measures the antenna efficiency in  a real environment. That means a multi path faded environment and the telephone with antenna in the vicinity of a person. The test method is using a rotating antenna in a real room (i.e. office premises).

To be able to evaluate the antenna efficiency under these circumstances it is a need to create a repeatable test method which is using a simulated head and hand. 

2 References

[1]
”Antenna test method performed in scattered field environment” doc no: 4/0363-2/FCPA 109 0006, Telia Research.

[2]
”Antenna measurements of handheld GSM-mobiles in scattered field environment”  doc no: TM URT 1/97, Telia Mobile AB.

[3]
”Antenna measurement performed to MoU TWG for comparing of different measurements methods” doc no: TM URT 10/97 Telia Mobile AB.

[4]
”Antenna measurement of handheld 1800 MHz GSM-mobiles in scattered field environment” doc no TM URT 20/97, Telia Mobile.


3 Abbreviations and definitions

ARFCN
Absolute Radio Frequency Channel Number.

DUT
Device Under Test, (equipment that is tested) i.e. MS or dipole antenna

MS
Mobile Station, cell phone.

Reference signal
Dipole-antenna in free space with a carrier power as the nominal power for the highest power level that is applicable to the mobile classmark.

Relative loss
”Relative loss” = ”Body loss” 

4 Measurement method

The traditional way of testing antennas is to use a well defined environment. Normally this environment is an open area test site or an un-echoic chamber. These test methods use  one or two incident waves to the MS. The MS is, however, in normal usage exposed to multi path waves and detects the sum of all incident waves to the antenna. 

The proposed test method uses an ordinary room with a scattered field  instead of  an un-echoic room. Such a room is in fact a more realistic radio environment for a MS.

The measurement method compares a mobile radiated power, while held against a simulated human head, relative to a half-dipole antenna in free space (Reference antenna) fed with maximum nominal MS power, e.g. 33 dBm. The results is expressed as a loss (body loss) in dB relative the Reference antenna.

When the mobile is in active mode the radiated power is measured with a rotating measuring antenna (half-dipole antenna mounted in vertical polarisation)

Please note that the mobile should reside in an scattered radio environment.

4.1  Equipment and instruments

· Dipole antennas:

Two calibrated dipole balun-antennas, called Reference antenna and Measuring antenna.

In the test by Telia  we have used a dipole antenna 3121C from EMCO for 900 MHz and for 1800 MHz a dipole antenna D1800V3 from Schmid & Partner Engineering

· Measuring antenna: 

The measuring antenna is mounted on an antenna rotator and connected to a  HP 8594E,  spectrum analyser

· Reference antenna:

The reference antenna is one of the calibrated dipole antennas fed by a reference signal source. 

The reference signal source is a GSM MS with a calibrated antenna cable, connected to an external power supply and ordered to transmit with a power in line with the nominal power that the power class of the mobile says. In this report the reference signal source is called Ref-MS.

· Ref-MS

See Reference antenna.

· Simulated human head

Torso Phantom V2.2 from  Schmid & Partner Engineering AG filled with 22,2 litres of water with a salt concentration of 1,49 g/litres.

· Simulated hand:

The simulated hand is a five finger rubber glove filled with the same saline solution as the simulated human head.

· HP 8594E,  Spectrum analyser:

The spectrum analyser has a special GSM measurement software which has been used to measure  the output power from the DUT.

· Racal 6103 GSM MS tester:

The Racal instrument is used to establish and maintain a call to the DUT.

It is also used to determine the output power of the Ref-MS.

· Turning table:

The turning table is used for rotating the simulated human head with the DUT and the Reference antenna in 8 different angles. 

4.2  Measurement room

The room in which the tests are performed shall offer an open area of at least: width=4, length=7, heigth=2.5 meter. The room shall also facilitate reflections so that a scattered field can be obtained. (To get the desired scattered field radio environment  it can be necessary to put some metal sheet in the used room. We have used 5 corrugated sheets of metal (900 x 2100 mm) being placed in the part of the room where the mobile and turn table are placed. See figures 1-3.)

The measurement  equipment and the measurement operators shall be placed behind a screen were they do not influence the standing wave pattern in the room. During the measurements, nothing is allowed to move in the room except the rotating antenna,especially not between the reference measurement and the DUT measurement.

A screen is introduced to obstruct the direct path between the transmitting and receiving antenna to avoid the direct wave in order to improve the Rayleigh distribution (See figures 1-3). Several measurements have been done in different rooms to verify the stability of the method.

4.3  Measuring antenna

The receiving (measuring)  antenna is located on a 1 meter horizontal rod placed on a rotator. 

The antenna is rotating approximately one revolution with the radius equal to 1 m, which equals a distance of 6 meters ((21 periods, 900 MHz) (See figures 1-3).


[image: image1.wmf]Figure 1. Arrangement of test equipment.


[image: image2.wmf]
Figure 2. Arrangement of test equipment, top view.
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[image: image4.wmf]
Figure 3. Simulated head.

 Performance of measurements

For the reference measurement, the reference antenna should be placed at the centre of the turn table on the same place as the DUT-antenna with the simulated human head later on will be placed during the test.

To obtain an adequate substitution method, measurements are made on the reference antenna in exactly the same angles/positions as the DUT-antenna (angle 1- angle  8),  but without the simulated hand and head. The reference antenna is also positioned in the angle 30( relative the vertical axis.

A plummet is used to position the DUT-antenna and the reference antenna in exactly the same position.

The turn table will be rotated in 8 different angles with 45 degrees interval during the measurements. The turn table must be fixed during the measurements at each angle.

The Ref-MS is brought into conversation mode with a Racal GSM MS TEST SET 6103. 

The measuring antenna is connected to the spectrum analyser  measuring the carrier power in one burst from the Ref-MS  connected to the reference antenna. While the measuring antenna rotates, one measuring sample per second is taken. Hundred samples are collected while the measurement antenna rotates approximately 1 turn. The median value is calculated from these samples. This procedure is repeated for each of the 8 different angles. An average value is calculated from the median values of the 8 different angles.

This value is the TotRef.

The DUT is attached to the simulated head so that the ear speaker is matched against the assumed ear point at a height of 1.5 meter above ground and in 30( angle relative the vertical axle. A simulated hand can been placed on the DUT for measurements with a hand  

The same measurement procedure as for the Ref-MS is performed. 

And the average value is the TotDUT

Finally the body loss for this test method is defined:


Body loss = TotDUT - TotRef

5 Results with this antenna measurement method

We have done several measurement campaigns in both GSM-900 and GSM-1800 MHz with results who has been presented for MOU TWG earlier in report Telia Mobile URT NO 1/97 (Antenna measurements of handheld GSM-mobiles in scattered field environment), Telia Mobile URT NO 10/97 (Antenna measurement performed to MoU TWG for comparing of different measurement methods) and Telia Mobile URT NO 20/97 (Antenna measurement of handheld 1800 MHz GSM-mobiles).

The result from our measurements campaigns of hanheld mobiles has given the following average valuesof body loss for 900 and 1800 MHz GSM mobiles.

900 MHz mobiles placed at the simulated human head and with a simulated hand

· A mobile with a fixed antenna has a relative loss of approximately 9 dB. (Hand influence approximately 1 dB)

· A mobile with the antenna retracted (extractable antenna) has a relative loss of approximately 11 dB. (Hand influence approximately 2 dB)

· A mobile with the antenna extended (extractable antenna) has a relative loss of approximately 7 dB. (Hand influence approximately 0.5 dB)

1800 MHz mobiles placed at the simulated human head and with a simulated hand

· A mobile with a fixed antenna has a relative loss of approximately 6 dB. (Hand influence approximately 2 dB)

· A mobile with the antenna retracted (extractable antenna) has a relative loss of approximately 11 dB. (Hand influence approximately 4 dB)

· A mobile with the antenna extended (extractable antenna) has a relative loss of approximately 7 dB. (Hand influence approximately 1.5 dB)

From an error estimation from the various tests it can be concluded that the accuracy for the method is <( 2 dB







Some bigger conclusions may be:

A small phone is likely to have a bigger attenuation.

An extended antenna is less dependant of hand and head.

The near region to the antenna is very important for body loss.

Our experiences with this antenna measurement method are that we can get a good information on how the antenna of a specified mobile works in normal use and see the influence of the human head and hand.

All the measurements have been made at midband phone transmitter channel. One important extension of the measurements is to include the bands for both transmitter and receiver.
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