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1 Introduction

This document proposes a relaxation for margins of the dielectric properties of tissue stimulant used for radiated performance measurements and introduces a new tissue simulant recipe.
2 Discussion

2.1 Relaxation

Influence of the dielectric properties of tissue simulating liquids in radiated performance measurements has been shown to be very small, considering the total measurement uncertainty [1][2] [3]. Use of ‘wrong frequency band’ tissue simulating liquids in simulations have given differences in the magnitude of 0.1dB when compared to simulations using the correct liquid parameters even though the differences in dielectric parameters are up to 24%[1].
The benefit of relaxing the margins of dielectric parameters would be the possibility to harmonize tissue simulating liquids between different test plans. Use of unique tissue simulant for all radiated performance testing would be time-saving and practical.    

2.2 Tissue simulant
Traditionally SAR laboratories have been using harmful dissolvents in tissue stimulant to reach dielectric parameters of εr=40 and δ=1.4 at 1900MHz. With sugar-cellulose solution these parameters can not be reached, due to high conductivity. Use of dissolving components in tissue stimulant may cause problems with phantom material. Also occupational safety issues have to be considered carefully. Lately some non-toxic substitutes for the dissolvents like Triton X-100 and Butyl Diglycol has been found.  
One of the substitutes currently used in SAR testing is TWEEN 20 i.e.polyoxyethylenesorbitan monolaurate. It is commonly used chemical in cosmetics, pharmacy and biochemistry. Due to stability, good solubility to water and relatively low health risks TWEEN 20 has been found very practical in laboratory use.
3 Proposal

3.1 New Margins
Relaxation from ±10% to ±15% is proposed to the margins of dielectric properties. 

3.2 New Proposed Tissue Simulating Liquid

For a new recommended tissue simulant following recipe is proposed. 
	Ingredients
	Head

(% by weight)

	Deionized Water
	57.12

	Tween 20
	42.30

	NaCl
	0.58


Measured parameters at 1900 MHz are εr=41.6 and δ=1.55 S/m. Frequency dependency presented in figures 1and 2. Sugar-cellulose recipe suggested by CTIA Test Plan for Mobile Station Over the Air Performance, revision 2.1, is measured for reference. Recommended Tween 20 recipe comply with CTIA rules, but exceeds the current 3GPP TR25.914 conductivity limit (δ=1.54 S/m) slightly. Additional water can be used to increase relative permittivity, Tween 20 to reduce it. Amount of salt adjusts conductivity.  
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Figure 1.
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Figure 2.
A text proposal that shows how the proposed changes could be captured into the TR [4] is shown in ANNEX A.
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ANNEX A:



 ----- FIRST MODIFIED SECTION -----
5.1
Phantom specifications

Head Phantom

The Specific Anthropomorphic Mannequin (SAM) is used for radiated performance measurements. The phantom shape is derived from the size and dimensions of the 90-th percentile large adult male reported in an anthropometric study. It has also been adapted to represent the flattened ear of a wireless device user.

For DUT radiated performance measurements in “intended use” position SAM head phantom without a shoulder section will be used. 

The shell of the SAM phantom should be made of low-loss material (loss tangent less than 0.05) with low permittivity (less than 5). The thickness has to be 2.0±0.2mm in the areas close to the handset in “intended use” position.

The phantom has to be filled with tissue simulating liquid. It is recommended to use one of the typical SAR tissue simulating liquids and Appendix B gives four example recipes of such liquids. It is also recommended to verify the RF properties of the liquid with suitable equipment. The values should be maintained within 15% of the values relative permittivity 40 (±15%) and sigma 1.4 (±15%) at 1900 MHz. If the difference is more than ±15%, it should be taken in to account in the uncertainty budget. Dielectric properties measurement methods can be found e.g. in [22] [23].

Alternatively a dry SAM phantom made of plastic material with corresponding electrical parameters can be used. 

Note: 
Measurements have that the radiated performance of a terminal can be influenced by the hand presence. However, it is very difficult to develop a standardized hand phantom, which could allow pertinent and reproducible measurements. Therefore a phantom hand is not included in this test procedure.


 ----- NEXT MODIFIED SECTION -----
Appendix B Suggested Recipes of Liquid to be used inside SAM Phantom

In Tables B.1 – B.4 are proposed four different recipes of the liquid to be used inside the SAM phantom.
Table B.1. Liquid recipe according to [R4-060xxx].

	Component
	Volume %

	Deionized Water
	57.12

	Tween 20
	42.30

	NaCl
	0.58


Table B.2. Liquid recipe according to [59].

	Component
	Volume %

	Water
	45.3 %

	Sucrose (Sugar)
	54.3 %

	Hydroxyethylcellulosis
	0.3 %

	Bactericide
	0.1 %


Table B.3. Liquid recipe according to [22].

	Component
	Mass %

	De-ionized Water
	54.9 %

	Diethylene Glycol Butyl Ether (DGBE) (> 99 % pure)
	44.92 %

	NaCl
	0.18 %


Table B.4. Liquid recipe according to [23].

	Component
	Mass %

	De-ionized Water
	55.36 %

	Diethylene Glycol Butyl Ether (DGBE) (> 99 % pure)
	13.84 %

	NaCl
	0.35 %


(*) Polyethylene glycol mono [4-(1,1,3,3-tetramethylbutyl) phenyl ether]. This is available as Triton X-100. The quality of the Triton X- 100 must be ultra pure to match the composition of salt.



















