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1. Introduction

The COST273 sub-working group 2.2 (SWG 2.2) is working on a test procedure for antenna performance testing of 3G user equipment [1] [2] [3]. The group reports in 3GPP RAN WG4 meetings the progress in the development of the antenna test method. One important part of any terminal antenna measurement system is a phantom, which models the effect of the user to the radiation characteristics of the antenna. Basically the phantom is a structure that simulates electrical properties of human tissue and physical shape of the body. 

The objective of this report is to summarize the results of phantom related investigations recently performed by SWG2.2, with the special focus on 3G terminal testing. The experimental investigations have been carried out by using GSM phones at 900 and 1800 MHz bands. It can be assumed that the conclusions drawn from the 1800 MHz band results are applicable also at UMTS band, since the frequency difference between these two bands is relatively small. 

Following questions arise when considering phantoms for the test procedure for terminal antennas:

I. Should a standard phantom be required in the test procedure?

At the moment, the talk position (phone is next to the user's head) must be considered as the most typical use position. There are several different kinds of head and torso phantoms on the market and used by test laboratories. The most common phantoms nowadays are hollow fiberglass shell phantoms that are be filled with tissue-simulating liquid. There is lots of variation in dimensions and shape of these phantoms and in the dielectric parameters of the liquid used. Alternatively, some laboratories use solid (dry) phantoms, which can be very handy to use, but are made of special materials and are expensive. Moreover, there is no knowledge whether dry phantoms are any better models of real human than the liquid-filled phantoms. If different phantoms are used, this may lead to differences in measurement results between different laboratories. It may therefore be important to define one phantom. This would harmonize the test set-ups and eliminate the measurement uncertainty related to the use of miscellaneous phantoms at different test labs. 

II. Are new phantom set-ups or positions needed for 3G terminals?

Along with 3G terminals there will be other use positions than only the talk position. New kinds of terminals will become available on the market, and their use positions can be something very different from the talk position. Accordingly, the antenna performance of the terminals in these new positions may be different from the performance in the traditional talk position. It must be clarified whether it is necessary and meaningful to include some new positions in the standard test procedure at least for certain types of terminals. We call here these positions as body-worn positions. These are for example browsing position, on the waist, on the chest pocket, etc. The subject was preliminary discussed in [4].

III. How correct models of real human body the phantoms are?

It is important that the phantom simulates the real human body well. It must however be noted that too much complexity must be avoided in the phantom structure, otherwise the phantom will be impractical to use. 

2. Recent studies on phantoms 

This section presents the recent investigations made by COST273 SWG2.2 on phantoms.

2.1. Differences in results when using different types of phantoms

2.1.1. Comparison between liquid-filled phantoms having different size and shape 

Differences in the results between phantoms having different size and shape but filled with the same liquid have been experimentally investigated. Measurements were carried out in anechoic chamber of Aalborg University with far-field 3-D pattern measurement system [14]. Devices under test (DUT) were 5 GSM phones. The test phones included phones with built-in antennas and phones with external antennas. Parameters analyzed were TRP (Total Radiated Power), TRS (Total Received Sensitivity), and MEG (Mean Effective Gain).

Phantoms compared:

1) Generic head phantom manufactured by Schmid & Partner Engineering AG (SPEAG). The generic phantom is based on an anthropometric survey of 52 persons.

2) Generic torso phantom manufactured by SPEAG.

3) SAM head phantom manufactured by Microwave Consulting LTD (MCL). The SAM (Specific Anthropomorphic Mannequin) corresponds to the 90th-percentile dimensions of an adult male head based on a study of the personnel of army in the USA.
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Fig. 1. SPEAG generic torso phantom (left), SPEAG generic head phantom (middle), and MCL SAM head phantom (right). 

Results (SPEAG head vs. SPEAG torso, i.e., the effect of the shoulders):

Comparing the phantoms 1) and 2) the difference in TRP and TRS is less than 0.6 dB for 900 MHz and less than 0.3 dB for 1800 MHz. The results of comparison between the phantom 1) and 2) in this study are in accordance with the results obtained in [8], in which the maximum difference in TRP between the head and torso phantoms was 0.3 dB. The difference in MEG (using the Aalborg University radio wave distribution model) for the phantoms 1) and 2) is typically 0.6 dB and in maximum 0.9 dB for 900 MHz and typically 0.25 dB and in maximum 0.7 dB for 1800 MHz.

The results of this study and [8] indicate that including shoulders in a phantom is not necessary. Nevertheless, the maximum differences are unacceptably large, and therefore it must be decided which one (head or torso phantom) is selected as the standard phantom for the test procedure. In many 3-D positioner systems it is more convenient to use head-only phantoms than torsos, as the head-only phantoms are smaller and lighter. So in this sense the head phantom is a better alternative.

Results (SPEAG head vs. MCL SAM head):

The effect of the phantom's shape (SAM head vs. generic head) showed differences up to 1.2 dB in TRS and 1 dB in TRP at 900 MHz.  At 1800 MHz the differences were up to 1.4 dB in TRS and 0.4 dB in TRP.

The maximum differences between the SPEAG head phantom and the MCL SAM phantom are larger than what can be tolerable in the uncertainty budget. 

Table 1.  TRP (in dBm) and TRS (in dBm – measured by the phone relative to 0 dBm) values for free space, SPEAG head, SPEAG torso, and MCL head phantom at 900 MHz.

	DUT
	Free space

TRP / TRS
	SPEAG head 

TRP / TRS
	Speag torso

TRP / TRS
	MCL SAM HEAD      TRP/TRS

	A
	30.1 / +0.1
	25.7 / -6.1
	25.3 / -6.6
	25.4/-6.6

	B
	31.2 / -0.6
	26.2 / -6.5
	26.0 / -7.0
	26.3/-6.8

	C
	30.7 / -1.5
	25.6 / -7.2
	25.2 / -7.8
	24.6/-8.4

	E
	27.5 / -2.8
	26.4 / -4.5
	26.4 / -4.6
	26.7/-4.4

	F
	30.2 / -3.0
	26.2 / -8.4
	26.1 / -8.9
	26.0/-8.7


Table 2. TRP (in dBm) and TRS (in dBm – measured by the phone relative to 0 dBm) values for free space, SPEAG head, SPEAG torso, and MCL head phantom at 1800 MHz.

	DUT
	Free space

TRP / TRS
	SPEAG HEAD

TRP / TRS
	SPEAG torso

TRP / TRS
	MCL SAM HEAD TRP/TRS

	A
	26.4 / -2.5
	23.6 / -5.5
	23.2 / -5.7
	23.2/-5.8

	B
	27.7 / -3.8
	24.4 / -6.9
	24.2 / -7.2
	24.4/-6.9

	C
	28.0 / -1.5
	26.1 / -4.8
	26.2 / -3.2
	26.0/-3.4

	E
	26.8 / -3.1
	23.9 / -4.7
	24.2 / -4.8
	23.5/-4.7

	F
	26.3 / -2.0
	24.4 / -4.8
	24.4 / -4.9
	24.0/-5.1


2.1.2. Simulation study on the effects of the phantom shape

A simulation study to investigate the effects of phantom shape to the TRP results has been carried out at Motorola Corporate EME Research Lab [16]. Two different phone models (internal antenna and external antenna phone model) have been simulated with three different head models (only two for the external antenna phone model). The head models differ significantly in shape and size. Maximum differences in calculated efficiency were within 10 %. (The average efficiency level with the head models was around 40%). 

2.1.3. Comparison between a liquid-filled phantom and a solid phantom

Differences in the efficiency results between a phantom filled with tissue-simulating liquid and a solid phantom have been experimentally investigated at Moteco’s antenna laboratory [15]. An anechoic chamber with near-field 3-D pattern measurement system was used (cable-fed passive phones). 

Phantoms compared:

1) SPEAG torso phantom v3.6. The phantom was filled with SAR liquid (prepared with 900 MHz recipe).

2) Solid phantom (borrowed from Sony-Ericsson). Manufactured by ECE Co. in Japan. The phantom is polymer filled with glass and graphite, and has dielectric constant 50 + j25 at 1 GHz. 
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Fig. 2. The solid phantom (left) and the liquid-filled SPEAG torso phantom (right) compared.

Devices under test were 4 GSM phones with built-in and external antennas. Parameters analyzed were radiation efficiency (corresponds to TRP used in active phone measurements) and peak gain over the GSM900 and GSM1800 band (6 frequencies in total).

Comparison of results

The differences in the efficiency between the solid and the liquid-filled phantom were up to 1.5 dB.

The dry phantoms have some benefits over the liquid-filled phantoms. For example, dry phantoms can be lightweight and thus easy to use. However, some of them are very expensive and not all test laboratories can have them. In this investigation the two phantoms' shape and size were not the same, so the differences in the results are not only due to different material and structure but also due to the different size and shape. Another comparison between a dry phantom and a liquid-filled phantom having exactly the same shape and dimensions would be important to carry out. Alternatively, a comparison of the dry phantom with the SAM head and SPEAG generic phantom compared in Section 2.1.1 could be carried out. 

2.1.4. The effect of using different liquids inside the head phantoms

Previous studies [7] [8] indicate that the dielectric parameters of the liquid used inside the phantom affect only very little the antenna performance results. In 3-D measurements made in an anechoic chamber the maximum difference in TRP results was for three GSM phones only 0.2 dB at 1800 MHz band between two different liquids (liquid1: 900 MHz SAR liquid and liquid2: 1800MHz SAR liquid) [8]. The investigations made in [7] supports that the change of liquid between 900 and 1800 MHz bands can be avoided.  

2.2. Terminal antenna performance in different body phantom set-ups 

This section presents initial results obtained in different body phantom set-ups. The differences in terminal antenna performance are investigated between several set-ups. The aim is to hereby start considerations on phantom set-ups and test positions for 3G terminals. Previously the performance of GSM handsets in the presence of real users and body phantoms has been experimentally studied by measurements in real GSM network [10].

The measurements with different phantom set-ups were carried out at Nokia Research Center in an anechoic chamber with a 3-D pattern measurement system. 

Devices under test

The test group consists of five GSM phones with an internal antenna, and one GSM phone with an external antenna (a stub antenna).

Phantom set-ups

All the phantoms used were plastic containers or fiberglass shell phantoms, which were filled with tissue-simulating liquid prepared according to SPEAG's SAR liquid recipe for 1800MHz band (sugar and water based recipe) [13].  The measured dielectric parameters of the liquid were at 1800MHz: 
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= 1.7 S/m. Due to difficulty to reproduce measurement results with phantom hand, it has been excluded from the phantoms in this study. The exception is the browsing position in which the extensions of the phantom arms are rough models of the hands. 

The experimental test set-ups were:

1) Free space position, DUT vertically
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Fig. 3. The set-up in the free-space position. Support is made of Styrofoam.

2) Talk position with SPEAG (Schmid and Partner Engineering AG) head phantom

DUT in 60-degrees tilt from vertical, on the cheek position. The device under test (DUT) was fixed on the phantom by tape. 

a) On the left side of the head

b) On the right side of the head
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Fig. 4. Talk position with SPEAG head phantom, left side of the head.
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Fig. 5. Talk position with SPEAG head phantom, right side of the head.

3) The waist position. With the body phantom, DUT horizontally, display away from the body
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Fig. 6. The set-up in the waist position with the body phantom.

4) The chest pocket position. With the body phantom, DUT vertically. The middle part of the DUT was closest to the phantom.
a) display away from the body

b) display towards the body
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Fig. 7. Set-up for the chest pocket position. Front view (left), and side view (right). A Styrofoam sheet was used between the phantom and the DUT to achieve the suitable distance.

5) Set-up with a simple box phantom. DUT vertically, display away from the box.
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Fig 8. The set-up with the box phantom.

6) The browsing position

The objective of this set-up is to model the situation in which the user is holding the terminal on his/her palm and browses or views the screen of the terminal. The set-up includes two rectangular arms and a box, which are plastic containers, filled with tissue-simulating liquid. The arms are thinner at their other ends to model the palm. The box models the middle body of the user. Styrofoam support structures hold the arms and the box on a plexiglass plate. The DUT was located on the left 'palm' in the measurements. It must be noted that this is the first and very simple implementation of this kind of set-up. The only related study found in literature is reported in [5]. In that study the effect of user's body to the performance of viewer terminal has been studied by measuring a dipole antenna's radiation pattern in the presence of a ceramic phantom.
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Fig. 9. The set-up for the simple browsing  position.

Distance of the DUT from the phantom and liquid

The distance of the DUT from the tissue-simulating liquid inside the phantom was kept approximately the same in all the phantom set-ups. The DUT was attached on the phantoms by using normal tape or Velcro tape. 

Results

Total radiated power (TRP) was calculated from the measured 3-D patterns. Mean effective gain (MEG) can be calculated as a further analysis. The Body Loss (BL) was determined as the difference between the TRP in the free space position and the TRP in a set-up with a phantom. It describes the amount of power that is lost due to the presence of the phantom (or user), and is therefore useful when comparing different phantom set-ups or test positions. The nominal peak power level of GSM900 phones is +33 dBm (2 W), and of GSM1800 phones is +30 dBm (1 W).

Total Radiated Power (TRP)

[image: image19.emf]TRP in different test set-ups. Channel = 62 (902.4 MHz)
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Fig. 10. TRP in different test set-ups. GSM 900 (channel 62, f = 902.4 MHz).
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Fig. 11. TRP in different test set-ups. GSM 1800 (channel 698, f = 1747.4 MHz). 
Body Loss

[image: image21.emf]Body Loss in different test set-ups. Channel = 62 (902.4 MHz)
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Fig. 12. Body Loss in different test set-ups. GSM 900 (channel 62, f = 902.4 MHz).
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Fig. 13. Body Loss in different test set-ups. GSM 1800 (channel 698, f = 1747.4 MHz).

Table 3. Average TRP of the six phones in different set-ups at channel 698 (1747.4 MHz) and 62 (902.4 MHz).

	Set-up
	Average TRP at ch=698 
	Average TRP at ch=62

	Free space, DUT vertically
	26.8 dBm
	30.6 dBm

	SPEAG head, right side
	24.8 dBm
	25.8 dBm

	SPEAG head, left side
	24.8 dBm
	25.6 dBm

	Chest, display in
	25.2 dBm
	25.8 dBm

	Chest, display out
	24.0 dBm
	24.8 dBm

	Browsing phantom
	23.7 dBm
	24.3 dBm

	Waist, DUT horizontally
	23.6 dBm
	22.8 dBm

	Box phantom, display out
	22.8 dBm
	22.0 dBm


· The body loss (i.e. the attenuation due to the phantom) is larger in many of the body phantom set-ups than in the traditional talk position set-up used.

· At 900 MHz band the spread between the best and worst terminals in body phantom set-ups is larger than in the traditional talk position and free space set-up. At 1800 MHz band the difference between the best and worst phone does not so largely depend on the phantom set-up.

· The differences in TRP between left and right sides of a phantom head in the talk position are not large. However, in Mean Effective Gain (MEG) the differences become significant [12] at least for some terminals, since the polarization properties of the DUT may change significantly depending on which side of the head the phone is hold. As the MEG may become a preferred test parameter later, it is recommended to include measurement on both sides of the head in the standard test procedure.

· For the five 6 GSM terminals tested, the average body loss caused by the phantom head was about 5 dB at 900 MHz, and about 2 dB at 1800 MHz band. This is in line with the results obtained in [14], in which the average body loss was 6 dB for a group of five GSM phones at 900 MHz band, and 3 dB at 1800 MHz band. 

2.3. How well do the phantoms model the real human body? 

It is important that the phantom simulates the real human body well, since the objective of the phantom is to simulate the user's body when he/she is using the terminal. During the past few years this matter has been addressed in a couple of experimental studies. One of the most recent studies is reported in [11]. The results indicate that phantoms represent the average loss characteristics of people accurately (average of 15 test persons as compared to phantom head + hand). The efficiency is sensitive to the way the user holds the terminal in his/her hand. Different terminals are held in different ways, different users hold the same terminal in different ways, and even a single user does not all the time hold the same terminal in the same way. It seems therefore extremely difficult to devise one phantom hand and hand position that would be suitable for all kinds of phones/terminals. Because of these difficulties, the hand is omitted from current 2G terminal testing, resulting in greater repeatability between test houses and reduced measurement uncertainty. For these reasons the hand has been excluded from this study of phantoms for 3G. 

3. Conclusions

Based on the findings in the recent studies by COST273 SWG2.2, SAM head phantom should be selected as the standard phantom for the antenna test procedure. The SAM phantom is the only phantom head that has been specified in detail in related test standards [17], and Industry has already adopted it for testing 2G phones. A single liquid can be used for several bands in the standardized testing procedure. The recommended liquid is the sugar water based solution prepared according to the 1800 MHz SAR liquid recipe [13]. It seems necessary to include testing on both sides of the head phantom in the test procedure, since the polarization properties may change depending on which side of the head the terminal is held.

The performance of the tested terminals was different in body phantom set-ups than in the traditional talk position. More experience of typical use positions/scenarios of 3G user equipment is needed. Once the full range of 3G use positions has been identified, more research should be carried out into relevant new phantom set-ups for the test standard. It may later be necessary to specify a few cases of typical set-ups (for example: talk position, browsing position and waist position) and suitable phantoms for them. The 3G terminals would then need to be classified according to their main use positions. Several test set-ups, however, would increase test times and make the testing more uneconomic.

Recommendations for the test procedure

Talk position: 

- SAM head phantom filled with 1800 MHz SAR liquid

- Both sides of the head

Body-worn positions: 

- Recommendation cannot yet be given (more tests on the subject are needed)
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