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1 Introduction

During the RAN #53 meeting, a Study Item with the objective of defining UE testing methodologies with hand phantoms was approved [1].  This contribution shows that measurements in free-space and with the CTIA 3.1 hand do not adequately represent the range of impedance variation (and, hence, loss) that is found with real users.  A new, simple hand phantom is proposed to remedy this problem.
2 Impedance variations
It is recognized [2-10] that the variation in the impedance of a mobile phone antenna due to the interaction of the user causes a significant loss of radiated power, particularly in the lower frequency cellular bands.  The typical impedance variation of a bottom-mounted antenna with different user grips is illustrated in Fig. 1.
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Figure 1.  Measured impedance variation of a bottom mounted antenna with a number of different user grips (with real people) at 838 MHz.

It is clear that this impedance variation is unwanted and causes a degradation of performance.  This problem has existed for many years, but now adaptive antenna tuning solutions are commercially available that can correct this mismatch.  

Phantoms are required that replicate the main features of these measurements. However, as shown in Fig. 2, measurements in free-space and with the CTIA 3.1 head and hand are only representative of approximately one third of the variation that is observed in practice.
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Figure 2.  Typical antenna impedances with different user grips at  838 MHz band for a commercial phone with the antenna mounted at the bottom of the device. Each circle represents a UI condition, as follows: red = free space; green = CTIA 3.1 head and hand; blue = canonical hand; grey = all other measurements with real users in typical useage scenarios.
Note that the free-space and CTIA 3.1 head and hand measurements, performed according to [11], are quite well matched (within a VSWR of approximately 3:1).  However, much higher VSWRs are experienced in practice: in this case the maximum VSWR is approximately 8:1, but 12:1 or more is not unusual.  These conditions also normally experience the highest body losses.  This indicates that the current certification tests (as outlined in [11]) are insufficient to represent the variations in impedance (and hence performance) that are encountered in practice.    

To alleviate this problem, measurements are also performed with a new canonical representation of a hand developed by EPCOS and IndexSAR and shown in Fig. 2.  This hand is compatible with the IndexSAR Specific Anthropomorphic Mannequin (SAM) head phantom and fittings and uses materials with the same electrical properties as the CTIA hands.

When the phone sits with its back cover touching the inner flat surface of the hand and the bottom of the phone touching the lower palm-plate, the measured VSWR is close to, though still generally slightly lower than, that of the worst VSWRs with real users.  Intermediate VSWRs are well represented by inserting RF transparent sheets of material (such as Rohacell or similar) between the phone and the inner flat surface of the hand.  Measurements in free-space, using this hand and the CTIA 3.1 head and hand allow the full range of antenna impedances encountered in practice to be represented.

Conclusions
Measurements in free-space and with the current CTIA 3.1 hand phantom are not sufficient to represent the antenna impedance variations (and the resulting losses) that occur in practice.  Hence, a new simple hand phantom is proposed that may be used in addition to the CTIA hand phantom.
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