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1. Introduction

At RAN #63 meeting a new, work item proposal: UE Conformance Test Aspects - LTE UE TRP and TRS and UTRA Hand Phantom was approved in [1]. Revision 0.3.0 of “TS 37.544: User Equipment (UE) and Mobile Station (MS) Over The Air (OTA) performance” was published based on the result of RAN5#66 [2]. At RAN#67 plenary meeting a revised WID for LTE UE TRP and TRS and UTRA Hand Phantom was approved [3]. 
2. Proposal 

It is proposed that the following text proposal for Annex A.2.2 Hand Phantom is added to TS 37.544: 
A.2.2
Hand phantom 

A.2.2.1

General 

Users hand can have a great impact on radiated performance of a UE. The impact goes beyond blocking or absorbing a portion of the radiation, since the impedance of the antenna itself may be changed due to the material in near field. Thus, a standardized hand phantom has been developed for radiated testing to reflect real world user scenarios [18].
A.2.2.2
Dimensions

Dimensions of the hand phantom are based on 50th percentile of the men’s hand and women’s hand dimensions averaged together in order to produce a standard hand phantom that lies in the middle of the expected range of users. Figure A.2.2.2-1 illustrates the segments of the human hand and Table A.2.2.2-1 summarizes the various dimensions for an open hand phantom [18].
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Figure A.2.2.2-1: Segments and dimension points of the human hand
Table A.2.2.2-1: Hand phantom dimensions

[image: image2.jpg]Dimension Description Dim. Dimension Description Dim.
(mm) (mm)

Major Hand and Wrist Dimensions it lll Dimensions
Wrist Width 61.4_| Distal Phalanx Length ? 20.1
Wrist Circumference 162.9 | Middle Phalanx Length > 317
Hand Length, Center of Wrist to Tip of Digit Ill__| 186.5 | Proximal Phalanx Length * 29.6
Hand Circumference 2002 [ Metacarpal Length 66.2
Palm Length, Middle to Distal Palm Creases 105.7 | Carpal Length * 174
Hand Width 85.0 | DIP Width 185
PIP Width 209
Between Digit Il & lll Crotch to Tip of Digit II 72.5 | DIP Circumference 54.4
Between Digit Il & Ill Crotch to Tip of Digit Il 80.5 | PIP Circumference 655

Between Digit Ill & IV Crotch to Tip of Digit IV 75.7 it IV Dimensions
Between Digit IV & V Crotch to Tip of Digit V 61.5 | Distal Phalanx Length 2 200
Between Digit | & Il Crotch to Tip of Digit I * 56.5 | Middle Phalanx Length 2 30.8
Digit | Dimensions Proximal Phalanx Length 255
Distal Phalanx Length * 29.4 | Metacarpal Length * 60.4
Proximal Phalanx Length 36.5 | Carpal Length * 194
Metacarpal Length > 46.8 | DIP Width 172
Carpal Length 2 22.0 | PP width 19.9

DIP Width DIP Circumference

DIP Circumference 67.7_| PIP Circumference 612
Digit I Dimensions Digit V Dimensions
tal Phalanx Length 2 Distal Phalanx Length 2 173
ddle Phalanx Length » Middle Phalanx Length 218
Proximal Phalanx Length ? Proximal Phalanx Length 38.0

Metacarpal Length 3

Metacarpal Length

Carpal Length * Carpal Length * 243
DIP Width DIP Width 16.1
PIP Width PIP Width 179
DIP Circumference DIP Circumference 259
PIP Circumference PIP Circumference 54.2

“Data determined using Tilley and Dreyfuss

2Greiner dimensions translated to bone joint coordinates of Buchholz, et. al
3Bone joint coordinates extrapolated from Buchholz, et. al.





A.2.2.3
Dielectric properties

Dielectric properties of dry palm human tissue are set as the target dielectric parameters for hand phantoms [19]. The properties are presented in Table A.2.2.3-1. It’s important that the hand phantom has equivalent electrical properties to real human hand to ensure that the same near field effects are seen with the hand phantom as would be seen with real hand. Relative permittivity of hand phantoms shall be within ±15% of the values listed in Table A.2.2.3-1. Conductivity of hand phantoms shall be within ±25% of the values listed in Table A.2.2.3-1. Methods for measuring dielectric properties can be found e.g. in [22] [23].
Table A.2.2.3-1: Target dielectric properties of a hand phantom

	Frequency (MHz)
	 Er
	 σ (S/m)

	300,00
	37,1
	0,36

	450,00
	33,9
	0,43

	835,00
	30,3
	0,59

	900,00
	30
	0,62

	1450,00
	27,9
	0,85

	1575,00
	27,5
	0,9

	1800,00
	27
	0,99

	1900,00
	26,7
	1,04

	1950,00
	26,6
	1,07

	2000,00
	26,5
	1,09

	2100,00
	26,3
	1,14

	2450,00
	25,7
	1,32

	3000,00
	24,8
	1,61

	4000,00
	23,5
	2,18

	5000,00
	22,2
	2,84

	5200,00
	22
	2,98

	5400,00
	21,7
	3,11

	5600,00
	21,4
	3,25

	5800,00
	21,2
	3,38

	6000,00
	20,9
	3,52


A.2.2.4
Hand phantom grips

Hand phantom grips are based on human factor studies that were done to record how a phone of certain form factor was gripped by a large sample of people. Based on the grip study findings, three grip designs are chosen for 40- to 56-mm wide devices: one for mono-block devices used in a voice call, another for fold devices in a voice call, and a third for “data mode” grip, simulating for example web browsing. Figure A.2.2.4-1 shows mono-block and fold grips [20]. Grip studies showed that devices wider than 56 mm (generally PDA and touch screen devices) could be conveniently accommodated by a single grip to cover primary use cases, voice calls and data browsing [20]. 

Each grip is used with a spacer that is designed for repeatable positioning of terminals to the grips. The material for the monoblock palm spacer shall be hollow with a wall thickness less than 2 mm and a dielectric constant of less than 5.0 and a loss tangent of less than 0.05 or it shall be solid with a dielectric constant of less than 1.3 and a loss tangent of less than 0.003. Touch fastener material may be used to affix the DUT to the palm spacer.

Figures A.2.2.4-1 and A.2.2.4-2 below illustrate the right-handed and left-handed mono-block and fold grips, respectively.
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Figure A.2.2.4-1: Right-handed grips defined to hold mono-block and fold UEs during voice calls
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Figure A.2.2.4-2: Left-handed grips defined to hold mono-block and fold UEs during voice calls

Figures A.2.2.4-3 and A.2.2.4-4 below illustrate the right-handed and left-handed data browsing with narrow UEs and PDA grips, respectively.
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Figure A.2.2.4-3: Right-handed grip defined for data browsing with narrow UEs and grip for holding PDA type of devices

[image: image7.png]


[image: image8.png]



Figure A.2.2.4-4: Left-handed grip defined for data browsing with narrow UEs and grip for holding PDA type of devices

CAD models in Table A.2.2.4-1 define exact finger locations and spacers for the specified grips. The files are available in a subfolder of the archive area for this specification.

Table A.2.2.4-1: CAD models for specified hand phantom grips and spacers

	Hand phantom grip
	Grip CAD file name
	Grip spacer file name

	Right Mono-block grip
	25914-b10_CAD_hand1.zip
	25914-b10_CAD_spacer1.zip

	Right Fold grip
	25914-b10_CAD_hand2.zip
	25914-b10_CAD_spacer2.zip

	Right Narrow data browsing grip
	25914-b10_CAD_hand3.zip
	25914-b10_CAD_spacer3.zip

	Right PDA grip
	25914-b10_CAD_hand4.zip
	25914-b10_CAD_spacer4.zip

	Left Mono-block grip
	25914-b10_CAD_hand5.zip
	25914-b10_CAD_spacer5.zip

	Left Fold grip
	25914-b10_CAD_hand6.zip
	25914-b10_CAD_spacer6.zip

	Left Narrow data browsing grip
	25914-b10_CAD_hand7.zip
	25914-b10_CAD_spacer7.zip

	Left PDA grip
	25914-b10_CAD_hand8.zip
	25914-b10_CAD_spacer8.zip


A.2.2.5

Mechanical Requirements of Hand Phantoms

The hand phantoms shall be constructed of a material that is sufficiently flexible to accommodate the range of devices specified in A.2.2.4. The material shall also be made sufficiently stiff that the hand grip remains constant under rotation.

Adequate material stiffness of the hand phantom is necessary to maintain high repeatability of OTA measurements. The stiffness of the hand material shall be verified by measuring the deflection of the index finger of a moulded monoblock hand phantom under a given weight. Test procedure is following;

1. Position the hand phantom such that the index finger is horizontal.

2. Apply an indicator needle that extends horizontally 55 mm ±1 mm beyond the tip of the index finger.

3. Record the position of the indicator needle on a vertical scale.

4. Apply 20 g ±0.2 g of weight centred 6 mm ±0.5 mm from the tip of the index finger towards the hand.

5. Record the new position of the indicator needle on a vertical scale.

The deflection of the index finger of the hand phantom shall be between 2 and 5 mm. Deflection less than 2 mm per 20 g weight indicates a material that is too rigid. Deflection greater than 5 mm per 20 g weight indicates a material that is too soft. 

[image: image9.emf]
Figure A.2.2.5-1: Hand phantom stiffness test
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Figure A.2.2.5-2: A weight container designed for a hand phantom stiffness test
A weight container presented in Figure A.2.2.5-2 may be used in the stiffness test. It is assumed that other grips will have similar stiffness as the monoblock hand from the same material. Therefore, a stiffness test of the monoblock hand alone is considered sufficient.
The characteristics of position of the hand phantom such that the index finger is horizontal are specified in Table A.2.2.5-1. 
Table A.2.2.5-1: Characteristics of position of the hand phantom
	ID
	Hand Grip Placement
	Characteristic Type

	0
	Low 
	Shift Up 

	1
	Medium 
	No Shift 

	2
	High 
	Shift Down 


The characteristics of deflection of the index finger of the hand phantom are specified in Table A.2.2.5-2.
Table A.2.2.5-2: Characteristics of deflection of the index finger of the hand phantom
	ID
	Deflection of Index Finger (df) Placement
	Characteristic Type

	0
	df ≥ 2 mm  per 20g 
	Rigid 

	1
	2mm < df ≤ 5mm per 20g 
	Stable 

	2
	df > 5mm per 20g 
	Soft 


3. Conclusion

If RAN WG5 agrees the proposals, we recommended it is included in the next release of TS 37.544. 
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