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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 0.2.0 of “TS 37.544: User Equipment (UE) and Mobile Station (MS) Over The Air (OTA) performance” was published based on the result of RAN5#65 [2]. At RAN#66 plenary meeting a revised WID for LTE UE TRP and TRS and UTRA Hand Phantom related UE TRP and TRS Requirements was approved [3]. 
2. Proposal 

It is proposed that the following text proposal removing GSM reference from Annex A is added to TS 37.544: 
A.1
General

The main objective of this section is to specify basic parameters of simulated user (phantom) and anechoic and reverberation chamber suited for the Tx and Rx measurement. 

A.2
Phantom specifications

A.2.1
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 Annex 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 [16] [17].

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 UE 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.

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 “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
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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 centered 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.
A.2.3
Laptop Ground Plane Phantom
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 A.2.3-1, 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 thickness of 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 A.2.3-2;
-
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 hung 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.
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Figure A.2.3-1: The laptop ground plane phantom, the DUT and the real functional laptop

[image: image12.emf]4mm

238mm

110degree

2

3

8

m

m

Front view

Side view

Top view

345mm

30mm

30mm

USB Connector

USB Cable

Conductive 

adhesive strip

45mm

rear edge


Figure A.2.3-2: 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.

A.2.4
Parameters for embedded devices
A.2.4.1
General

The main objectives of this section are to define basic parameters required when performing TRP and TRS measurements on notebooks and tablets.

A.2.4.2
Notebook

A notebook PC is a portable personal computer combining the computer, keyboard and display in one form factor. Typically the keyboard is built into the base and the display is hinged along the back edge of the base. The largest single dimension for a notebook is limited to 0.42 m.

As notebooks are not body worn equipment nor recommended for use placed directly on the lap, the notebook shall be tested in a free space configuration without head and hand phantoms. 

When the notebook is placed in a measurement chamber the display shall be configured according to Table A.2.4.2-1.
Table A.2.4.2-1: Display Settings

	Parameter
	Value
	Note

	Display lid angle
	110 +/- 5 degrees
	The lid angle is defined as the angle between the front of the display to the leveled base.

	LCD Backlight
	50%
	

	Ambient sensor
	Disabled
	


A typical notebook PC is equipped with several radio access technologies. During the measurement the DUT shall be configured according to Table A.2.4.2-2.
Table A.2.4.2-2: Embedded radio transmitters

	Parameter
	Value
	Note

	WWAN
	Enabled
	This is the DUT tranceiver

	Other transceivers
	Disabled
	UWB, WLAN, Bluetooth™


The notebook power management shall be configured according to Table A.2.4.2-3.

Table A.2.4.2-3: Power management

	Parameter
	Value
	Note

	Screensaver
	Disabled
	

	Turn OFF display
	Never
	

	Turn OFF Hard drive
	Never
	

	System Hibernate
	Never
	

	Sysem Standby
	Never
	

	Dynamic control of clock frequencies
	Disabled
	

	Power source
	Standard battery
	


If the notebook is equipped with retractable antennas the device shall be tested with the antennas in a configuration recommended by the manufactures.

A.2.4.3
Tablet

A tablet is a portable personal computer combining the computer and display in a single form factor. User input is accomplished via touchscreen or a pen. The largest single dimension (i.e., length, width, height) for a tablet is limited to 0.42 m.  Tablet devices may have different primary mechanical modes.

Tablet shall be tested in a free space configuration without head and hand phantoms. If hand phantom grips become available for tablets, the testing configuration for tablets may be revisited. The center of rotation shall be the three-dimensional geometric center of the EUT, display facing free space.

When a tablet is placed in a measurement chamber the display shall be configured according to Table A.2.4.3-1.
Table A.2.4.3-1: Display Settings

	Parameter
	Value
	Note

	LCD Backlight
	50%
	

	Ambient light sensor
	Disabled
	


A typical tablet  is equipped with several radio access technologies. During the measurement the EUT shall be configured according to Table A.2.4.2-2. 

EUT shall be powered by battery and power management settings in Table A.2.4.2-3 shall be used.

If a fixture is required to mount the EUT to the positioning system, the EUT holding fixture shall be made of a material with a dielectric constant of less than 5.0, and loss tangent less than 0.05. The fixture shall not extend beyond the footprint of the EUT by more than 20 mm and shall be no more than 20 mm in thickness. It is recommended, but not required, that a Styrofoam spacer would be used between the holding fixture and the EUT.
A.3
Anechoic chamber constraints

A.3.1


General 

The main objective of this section is to define basic parameters of the anechoic chamber suited for the Tx and Rx measurement of UMTS and E-UTRA UEs. 

The chamber should be equipped with an antenna positioner making possible to perform full 3-D measurements for both Tx and Rx radiated performance. Two main measurement set-ups are presented for this purpose:

a)
A so-called spherical scanner system implies that the DUT is placed on a positioner that rotates in a horizontal plane. The probe antenna is rotated physically in the vertical plane. Alternatively, multiple probe antennas can be placed along an arch in vertical plane and electronically switched in order to get the full 3-D radiation/sensitivity pattern (see Figure A.3.1-1). Alternatively a multiple probe system, which has a set of probes located on the full spherical surface may be used [21]. In this case the DUT does not have to be rotated.  

b)
A dual axis system implies that the DUT is placed on a positioner that is able to rotate around two different axes. The signal is transmitted/received by a fixed probe (see Figure A.3.1-2). It is noted that many conventional two-axis systems (i.e. many commercially available systems built for a more general use) are built for the support of rather heavy test objects (with narrow antenna beam), which by their mechanical size may disturb the measurement of nearly omnidirectional antennas. Note that such systems are equipped with a positioner that may disturb the measurement of nearly omnidirectional antennas.
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Figure A.3.1-1: Example of a spherical positioner system with a moving probe antenna (left), and with multiple probe antennas (right)
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Figure A.3.2-2: Example of a dual axis (roll-over-azimuth) positioner system
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Figure A.3.3-3: The coordinate system used in the measurements

In both cases the measurement antenna should be able to measure two orthogonal linear polarizations (typically theta (() and phi (() polarizations). 

Note that for an anechoic chamber, horn antennas are usually used as probe antennas. There are two kinds of horn antennas: single-polarized and dual-polarized. The dual-polarized horn antenna has advantages of a major importance in comparison with the single-polarized. In fact, it is possible to measure two orthogonal polarizations without any movement of the probe, and this will:

a)
Reduce the cable antenna uncertainty contribution 

b)
Improve the measurement stability 

c)
Reduce the time delay between the acquisitions of each polarized signal due to the electrical RF relay.

If using single-polarized probe antenna, it is possible to perform the measurements by turning one linear polarized antenna by 90 ° for every measurement point. However, this technique has a major drawback: the cable of this antenna is subjected to numerous bendings and rotations, which brings some measurement instabilities. The various positions of the cable have an effect on the repeatability of measurements, and the stress applied to the cable can reduce its performance. The use of a "stress cable", or a rotary joint, connected to the main low-loss cable that is connected to the BTS simulator is recommended if using a single-polarized probe.

A.3.2
Quiet zone dimension

Quiet zone has to be large enough to contain DUT attached to a phantom head and shoulders. The dimensions have to be slightly larger than the phantom dimension due to the fact that the rotation axes are not passing through the symmetry plane of the phantom, but through the phase center of the DUT. Thus minimum radius of the quiet zone has to be 150mm, which is the approximate distance from a UE to the edge of the head and shoulders phantom while the phone is placed in an "intended use" position.

A.3.3
Minimum distance between the DUT and the measurement antenna

For far-field measurements, the distance r between the DUT and the measurement antenna should be calculated by the following equation.


[image: image17.wmf]÷

÷

ø

ö

ç

ç

è

æ

>

l

l

3

,

3

,

2

max

2

D

D

r


where  is the largest wavelength within the frequency band of interest and D the maximum extension of the radiating structure. Then the phase and amplitude uncertainty limits and the reactive near field limit are not exceeded. The influence of measurement distance is discussed in Annex E.

A.3.4
Reflectivity of the quiet zone

Reflectivity of the quiet zone must be measured for frequencies used with method described in Annex G. Measured reflectivity level is used in uncertainty calculations.
A.3.5
Shielding effectiveness of the chamber

In order to be able to measure sensitivity all external radiation has to be eliminated. Depending on the conditions at the test site in question, different values of shielding effectiveness of the measurement chamber might be required. The only general requirement on the shielding effectiveness of the chamber is that the measured level of external signals at the frequency of interest (UMTS, E-UTRA frequency band) has to be 10dB below sensitivity level of the UE. See Annex G for more details on shielding effectiveness validation.

When specified in a test, the manufacturer shall declare the nominal value of a parameter, or whether an option is supported.
A.4
Reverberation chamber constraints

A.4.1

General 
The main objective of this section is to define basic parameters of the reverberation chambers suited for the Tx and Rx measurement of UMTS, and E-UTRA UEs.
The reverberation chambers have for a couple of decades been used for some types of EMC measurements. A reverberation chamber is a metal cavity that is sufficiently large to support many resonant modes, and it is provided with means to stir the modes. The measurements in the reverberation chamber are fast and repeatable, provided the chambers utilize efficient stirring methods. The following sections describe how the reverberation chamber can be used for measurements of TRP and TRS. 

A.4.2

Positioning and mode stirring facilities

The reverberation chamber shall be equipped with mode-stirring facilities in such a way that enough number of independent power samples can be achieved for the accuracy requirement stated in this standard to be fulfilled. Possible mode-stirring methods include platform stirring, polarization stirring and mechanical stirring with fan-type stirrers, irregular shaped rotational stirrers, or plate-type stirrers. Also, frequency stirring is possible if the type of measurement allows for a frequency-averaged value, but this is not necessary if the chamber is sufficiently large and well stirred.

For the DUT positioning on head phantom or for the DUT positioning on laptop ground plane phantom, the DUT should be placed in such a way that a sufficient number of independent samples are obtained to fulfil the uncertainty requirements. For example, for chambers utilizing platform stirring the DUT should be placed on the edge of the turntable in order to maximize rotation of the DUT. In addition, the DUT must not be closer than 0.5 wavelengths to other electromagnetic reflective objects inside the chamber and 0.7 wavelengths to absorbing objects.

For the DUT positioning on laptop ground plane phantom the real functional laptop is laid on the floor of the 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. The real functional laptop can be placed outside the chamber if the connection to the DUT can be maintained and if the communication interface between DUT and real functional laptop has negligible impact on the measurements.

A schematic picture of the measurement setup is provided in Figure A.4.2-1.
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Figure A.4.2-1: A schematic picture of the reverberation chamber measurement setup
A.4.3

Polarization imbalance and receiving antennas

It is important that the statistical distribution of waves in the chamber corresponds to the chosen test environment. Present knowledge about reverberation chambers limits this to isotropic environments, i.e. the TRP and TRS parameters can be measured. Since the probability of each polarization is equal in the isotropic environment, a check of the polarization imbalance in the reverberation chamber must be done. 

The polarization imbalance can be obtained during the calibration measurement by measuring both when the calibration antenna is oriented for vertical polarization and when it is oriented for horizontal polarization. These two values shall differ by less than the specification in Table A.4.3-1. In order to obtain values for comparison with the results in the table, the reference levels shall be measured for both orientations of the calibration dipole at 8 different positions of the dipole inside the chamber. The average, standard deviation and maximum deviation shall be evaluated by comparing results for both polarizations over the whole set of 8 measurements. Alternatively, the levels for the two polarizations of the calibration antenna at 1 MHz intervals between 1900 MHz and 2200 MHz can be measured, and thereafter the average, standard deviation and maximum of the difference between the two sets of values over these frequency ranges are calculated. 

An effective way of avoiding polarization imbalance is to use polarization stirring, i.e. using three orthogonal linearly polarized receiving antennas. These three receiving antennas may be monopoles connected orthogonally to three different and orthogonal walls (including ceiling/floor) of the chamber.  The three antennas are below referred to as the three fixed wall mounted antennas.

Table A.4.3-1: Specifications of differences of measured reference levels in each frequency band between using vertically and horizontally polarized calibration dipoles
	
	Maximum tolerable value

	Average
	0.2 dB

	Standard deviation
	0.5 dB

	Maximum
	1.0 dB


A.4.4

Measurement antennas

It is important that the measurement antennas are configured in such a way that the statistical distribution of waves in the chamber in average corresponds to an isotropic environment.

A.4.5

Chamber size and characteristics

The reverberation chamber shall have a volume large enough to support the number of modes needed for the stated accuracy at the lowest operating frequency. If the UE is moved around in the chamber during the measurement, the volume of the reverberation chamber can be reduced. Also, frequency stirring can be used to improve the accuracy. However, this will reduce the resolution of the results correspondingly.
The reverberation chamber can be loaded with lossy objects in order to control the power delay profile in the chamber to some extent. However the reverberation chamber should not be loaded to such an extent that the mode statistics in the chamber are destroyed. It is important to keep the same amount of lossy objects in the chamber during calibration measurement and test measurement, in order not to change the average power transfer function between these two cases. Examples of lossy object are head and hand phantoms.

Furthermore, the DUT must not be closer than 0.5 wavelengths to other electromagnetic reflective objects inside the chamber and 0.7 wavelengths to absorbing objects.

A.4.6

Shielding effectiveness of the chamber

The shielding effectiveness of the chamber shall be as large as needed for the interference from other sources not to influence the measured parameters. This means that the requirements of the shielding is specific to each test site and may vary accordingly.

The recommended level of the shielding effectiveness is -100 dB from 800 MHz to 4 GHz. See Appendix H for more details on shielding effectiveness validation.
3. Conclusion

If the proposals are agreed by RAN WG5 we recommended it’s included in the next release of TS 37.544. 
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