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1 Introduction

This document proposes an informative description of use of a hand phantom in radio performance testing to be added to 3GPP TR 25.914.
Performance testing done with head and hand phantom is already required by several telecommunication operators but there are no commonly approved guidelines to perform the test. Adding a description to TR 25.914 would provide means for harmonization between test laboratories.
2 Discussion

Modelling of user effect is a very important part of performance testing. Presence of a head or hand phantom can significantly alter the radiation pattern of an antenna. Using head and hand phantom represents the talk position better than testing only with head phantom and therefore better correlation to field performance can be expected.  Use of hand phantom only compared to free space provides more realistic setup for testing browsing position. 
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Picture1. SAM phantom with IXB hand phantom

Greatest problem in use of hand phantom has been the lack of standardized phantom. Size, shape and the electrical properties of a phantom have an influence. Therefore these properties should be carefully chosen to represent the average user of a wireless device.  
Test repeatability has also been a problem with hand phantoms. In order to make reliable and repeatable head and hand testing, there must be a way of controlling the spacing between the palm and the device under test (DUT) and a way to repeat the grasp. Position of the DUT in respect to the head phantom is another factor that needs to be accurately set.
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Picture 2. Separation distances causing the major uncertainties in performance testing done with hand and head phantom.  
3 IXB Phantom Hands
Solid phantom materials that simulate the effect of electromagnetic radiation on human tissues have been described by Nikawa et al. [1]. These phantoms are based on silicone rubber containing two lengths of chopped carbon fibre. The dielectric parameters of this type of tissue phantoms can be set to fit a range of target parameters by altering the percentage of long and short fibres.
Indexsar Ltd offers IXB hands that use a formulation based on Nikawa’s study but utilising only one length of chopped carbon fibre with carbon powder as the other constituent.

Table 1. Composition of IXB Hands

	Constituent
	Weight Percentage

	Silicone rubber mix
	92

	Chopped Carbon Fibres,

 0.5mm long
	6

	Carbon Powder
	2


3.1 IXB-090 
IXB-090 phantom hand has been shown to have absorbing effects very close to real human hands by Indexsar [2]. Test setup was two dual-ridged horn antennas facing each other at a separation distance of 30 cm, connected to VNA. Path loss was being measured between the two horns with no hands, real human hands and two sizes of IXB hands between the antennas. Tested frequency range was from 900MHz to 4GHz. Averaged loss over this frequency band of IXB-090 hand was tested to be within 0.2 dB from averaged loss of the real human hands.

Shape of the IXB hands has been chosen to hold a wireless device in a natural way. The material is stiff enough not to bend by the phantoms own gravity but still allowing the fingers the flexibility to grasp also rather large devices.
3.2 Positioning Platform
As a solution to the repeatability problem Indexsar has developed a hollow spacer. Palm side of the spacer is a imprint of the palm and the other side is flat for phone positioning. For exact and reproducible positioning, the spacer has a scale and the vertical center line of the DUT is marked. Most important improvement achieved by using a spacer is that it provides a constant separation distant between the palm and every tested product. 
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Picture 3. Air spacer IXB-050
4 DUT positions Relative to Head Phantom

Variations in test position may cause variance in the radiated performance on the DUT. Therefore it is important that test position is representative of typical using position and accurately defined. These kinds of testing positions are described in IEEE 1528 [3]. The ‘tilt position’ was defined on the basis of various handset usage surveys and would be therefore ideal for performance testing. From a practical viewpoint the tilt position can also be preferred to the ‘cheek position’, because it leaves the keypad of the DUT accessible which makes the call establishment easy.

4.1 Test Setup with IXB-090 Hand Phantom and SAM head phantom 
When the vertical center line of the DUT is marked is marked to the spacer and to the hand phantom, it is fairly easy to align it with the ear-mouth line of the SAM phantom. After this the hand phantom is moved along the ear-mouth line until the ear piece is in the correct level and IEEE 1528 procedure to achieve the ‘tilt position’ can be followed.  
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Picture 4. Test Setup with Head and Hand Phantom

5 Conclusions
IXB-090 phantom hand resolves traditional repeatability problems that occur when a hand phantom is used in performance testing. The absorptive properties in the frequency area of 900-4000MHz are quite similar to real human hand and therefore it suits well for OTA performance testing done with head and hand. The phantom is also already commercially available.

This document is provided for information, but if RAN4 finds the information useful this contribution could be included as INFORMATIVE annex in TR 25.914.
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