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1	Introduction
In this contribution we present a text proposal for introducing hand phantom dimensions and dielectric properties as already discussed in the previous RAN4 contributions in [1] and [2]. We also introduce sub-sections for grips and DUT positioning, which also still need to be defined in TR25.914. This text proposal is presented for RAN4 review first. 
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For the purposes of the present document, the following symbols apply:
	Zenith angle in the spherical co-ordinate system 
	Azimuth angle in the spherical co-ordinate system
	Solid angle defined at the phase centre of the DUT 
G(,,f)	Antenna gain pattern in the -polarization as function of the spherical co-ordinates and the carrier frequency 
F	Carrier frequency
Ptr	Transmitted power
Q(,,f)	Angular power distribution in the -polarization as function of the spherical co-ordinates and the carrier frequency 
dB	decibel
dBm	dB referenced to one milliwatt
m	meter
mm	millimeter
kbps	kilobit per second
ms	millisecond
MHz	megahertz

[bookmark: _Toc313545519]Abbreviations
For the purposes of the present document, the following abbreviations apply:
3G	3rd Generation
3GPP	3G Partnership Project
3-D	Three Dimensional
AAU	Aalborg University
APD	Angular Power Distribution
BS	Base Station
BT	Bluetooth
CN	Core Network
CPICH RSCP	Common Pilot Channel Received Signal Code Power
CRC	Cyclic Redundancy Check
DCH	Dedicated Channel
DL	Downlink
DPCH	Dedicated Physical Channel
DPDCH	Dedicated Physical Data Channel
DPCCH	Physical Control Channel
DTCH	Dedicated Traffic Channel
DUT		Device Under Test
ETSI	European Telecommunications Standards Institute
GPS	Global Positioning System
HUT	Helsinki University of Technology
LME	Laptop Mounted Equipment
MEG	Mean Effective Gain
MERP	Mean Effective Radiated Power
MERS	Mean Effective Radiated Sensitivity
MS	Mobile Station
NB	Node B
NSA	Normalised Site Attenuation
QoS	Quality of Service
QPSK	Quadrature Phase Shift Keying (modulation)
RAB	Radio Access Bearer
RB	Radio Bearer
RAN	Radio Access Network
RF	Radio Frequency
Rx	Receiver
SAM	Specific Anthropomorphic Mannequin
TFCI	Transport Format Combination Indicator
TRS	Total Radiated Sensitivity (also: Total Integrated Sensitivity)
Tx	Transmitter
TRP	Total Radiated Power
TRS	Total Radiated Sensitivity (see also: TRS)
XPD	Cross-Polar Discrimination of the antenna
XPR	Cross-Polarization ratio of the channel
UL	Uplink
UE	User Equipment
UMTS	Universal Mobile Telecommunications System
[bookmark: _Toc313545520]Introduction
The present document describes the methods to be used in order to assess the radio performances of the 3G user equipment/mobile stations (UE/MS) in active mode in both the up- and the downlink. The test procedure is based on the test method developed as a result of COST 273 Sub-Working Group (SWG) 2.2 members' contributions and the first draft was published in [1]. Background work has also been made in the former COST259 project [2] [3].
[bookmark: _Toc313545521]Scope
The measurement procedure explained in this document applies to two classes of UE/MS products, one is the UE/MS used under the "speech mode" conditions that correspond to predefined positions (see Chapter 5) for voice application when the handset is held close to the user's head. And the other class is the laptop mounted equipment, including the wireless devices embedded into the laptop and the plug-in type device that host on the laptop. This method is also applicable to free space measurements.
The testing methodology applies to any 3G handset, with internal or external antenna, that supports both the speech mode and the data transfer mode. It is also applicable to the testing of dual-mode (GSM / UMTS) terminals. Specific technical details related to testing of GSM mode of the dual-mode terminals are addressed in Appendix D.
The radio tests considered here are:
1. The measurement of the radiated output power
2. The measurement of the radiated sensitivity 
The test procedure described in this document measures the performance of the transmitter and the receiver, including the antenna and also the effects of the user. 
The purpose of this document is to serve as a standard test procedure for radio performance testing of mobile terminals. It is the intention that this procedure is going to be used by test houses, network operators, mobile terminal and antenna manufacturers, research institutes etc. The motivation for the development of this document is the lack of standards in this area in 3GPP [4]. COST 273 SWG2.2 has reported the progress of the pre-standardization in several 3GPP RAN4 meetings [5] [6]. 
The major parts of this test procedure are based on the 3-D pattern measurement method. It has been considered necessary to define some items and components in the test procedure in detail, such as test channels and phantom set-ups, in order to make the testing in different laboratories harmonized. The procedure is, however, not limited to some specific antenna chambers or positioners, but just gives examples of systems that are presently available. Moreover, the pre-standard is open for the use of some alternative to the 3-D pattern measurement method, provided that the specified performance parameters and the total measurement uncertainty can be achieved with the alternative test method. In the first phase the pre-standard uses TRP (Total Radiated Power) and TRS (Total Radiated Sensitivity) as the performance parameters but it is also prepared for the use of Mean Effective Gain (MEG) (or Mean Effective Radiated Power (MERP) and its corresponding parameter Mean Effective Radiated Sensitivity (MERS) for the receiver performance) as the preferred performance parameter in a later stage. 
Note: 	TRP and TRS are well-defined measures for the handset transmitter and receiver performance in an isotropic field distribution with XPR = 1 (cross polarisation ratio), whereas MEG [7], [8] also gives the handset performance relative to a well-known reference and can take different values depending on the chosen field distribution including the XPR.
A Reverberation Chamber Method [9] [10] has been introduced in the pre-standard as an alternative test method for measuring total radiated power of the 3G UE ([11], [12] [13]). At the moment it has a limitation that it does not provide any possibility for the evaluation of MEG. 
[bookmark: _Toc313545522]	Future extensions
A possible future extension may be the testing of 3G UE, which would have a diversity-antenna system. In that case the performance evaluation is based on measuring each antenna separately and combining the results mathematically to yield the realized performance of the antenna system. Reverberation chambers have also shown potential in connection with diversity antenna testing in simulated fading environment, see Appendix E and [16].
The test procedure presented in this document can be applied also for the testing of possible non-cellular systems in the 3G UE, such as Bluetooth (BT), General Positioning System (GPS), or Wireless Local Area Networks (WLAN).
[bookmark: _Toc313545523]Initial Conditions
The main objective of this section is to define basic parameters of simulated user (phantom) and anechoic chamber suited for the Tx and Rx measurement of UMTS mobile handsets. 
[bookmark: _Toc313545524]Phantom specifications
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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.
[bookmark: _Toc313545526]DUT Positioning on head phantom 
The DUT is attached to the SAM phantom in "cheek" position as defined both by IEEE [19] and CELENEC [20] standards. The DUT performance is measured on both left and right side of the head.
Three points as shown in Fig. 5.1 define the reference plane: center of the right ear piece (RE), center of the left ear piece (LE) and center of mouth (M). 
At first, set the DUT ready for operation. 
Definition of the 'Cheek' position: 
1. Align the ear piece of the phone (see Fig. 5.1) at the line RE-LE. Then, position the DUT beside the phantom so that the vertical line (see Fig. 5.3) is parallel to the reference plane in Fig. 5.2 and is aligned with the line M-RE on the reference plane (see Fig. 5.3).
1. Position the DUT so that the ear piece of the DUT touches the ear piece of the phantom head on the line RE-LE. Tilt the DUT chassis towards the cheek of the phantom having the vertical line aligned with the reference plane until any point on the front side of the DUT is in contact with the cheek or until the contact with the ear is lost.
NOTE: 	A holder fixture made of e.g. plastic may be used to position the handset against the phantom. An experimental study presented in [25] shows that some plastic holders might introduce an unexpectedly large effect to the measurement results. Therefore, special care must be seen when selecting such fixtures for radiated measurements. 

Figure 5.1: Reference plane on head phantom, front view.
[bookmark: _GoBack]

Figure 5.2: Reference plane on head phantom, side view.


Figure 5.3: Reference lines at a mobile handset (Device Under Test (DUT)). 
W is the width of the chassis [19].
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A laptop ground plane phantom is used for radiated performance measurements in case of plug-in DUT like USB dongles. The objective of the laptop ground plane phantom is to reproduce the effects of the ground plane for the antenna of the DUT while avoiding the variation of the measurements introduced by a real laptop. 
The laptop ground plane phantom, as showed in Figure 5.4, is composed by the following parts,:
-	a rectangular plane covered by a conductive film on the upper side with thickness of 4mm to emulate the keyboard and main body of the laptop; 
-	a rectangular plane covered by the same conductive film on the upper side with thicknessof 4mm to emulate the screen of laptop;
-	the conductive film on the two planes is connected. The angle between the two planes is 110 degrees. The material is FR-4 copper-clad sheet and the length and width of these two planes are 345mm and 238mm respectively;
-	a horizontal USB connector placed along the short end of the plane; the location of the port is at the right back corner, the distance between the central axis of the USB connector and the rear edge of plane is 45mm, the ground of the USB connector is welded on the conductive film of the plane. The detailed description of the structure is presented in Figure 5.5;
-	a USB cable crossing the ground plane and connecting the USB connector to a real functional laptop; the USB cable should be equipped with a shielded metal film, and the portion of the cable that is hunged in the air shall be covered with absorbing material or treated with quarter wave chokes. The part of the USB cable lying on the plane is covered by a conductive adhesive strip used for fixing the cable on the plane and for guarantying at the same time the superficial continuity of the conductive plane. The shielded conductive film of this part of the USB cable is connected to the conductive film of the plane and the covered strip to well ground the antenna. The length of the USB cable should be no more than 3 meters.

[image: ]
Figure 5.4: The laptop grond plane phantom, the DUT and the real functional laptop



Figure 5.5: The structure and dimension of the laptop ground phantom

The real functional laptop is laid on the floor of the anechoic chamber, supplies power to the DUT and controls the state of the DUT. Both the USB cable and the real functional laptop are properly setup in order to have a negligible impact on the measurements: the real functional laptop is fully wrapped up with anechoic absorbers.
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The DUT is connected to the USB connector of the laptop ground plane phantom. The DUT should be configured with the following primary mechanical mode: the DUT with either rotary USB porter or non-rotary USB porter should be horizontally plugged into the horizontal USB connector, as shown in Fig. 5.4.
---------------------------------------------Text proposal starts-------------------------------------------------------------
Hand Phantom
Users hand can have a great impact on radiated performance of a mobile terminal. 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 [74].
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 1 illustrates the segments of the human hand, and Table 1 summarizes the various dimensions for an open hand phantom [74]. 
[image: ]
Figure 1. Segments and dimension points of the human hand [74].
Table 1. Hand phantom dimensions [74].
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Dielectric properties
Dielectric properties of dry palm human tissue are set as the target dielectric parameters for hand phantoms [75]. The properties are presented in table 2. 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 2. Conductivity of hand phantoms shall be within ±25% of the values listed in Table 2. Methods for measuring dielectric properties can be found e.g. in [22] [23].
Table 2.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



Grips
TBD
DUT positioning for Speech Mode
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image7.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.





