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1. INTRODUCTION

On July 10, 2003, the Federal Communications Commission (FCC) adopted new rules requiring wireless
manufacturers and service providers to provide digital wireless phones that are compatible with hearing
aids. The FCC has modified the exemption for wireless phones under the Hearing Aid Compatibility Act of
1998 (HAC Act) in WT Docket 01-309 RM-8658" to extend the benefits of wireless telecommunications to
individuals with hearing disabilities. These benefits encompass business, social and emergency
communications, which increase the value of the wireless network for everyone. An estimated more than
10% of the population in the United States show signs of hearing impairment and of that fraction, almost
80% use hearing aids. Approximately 500 million people worldwide suffer from hearing loss.

Compatibility Tests Involved:

The standard calls for wireless communications devices to be measured for:
= RF Electric-field emissions
= RF Magnetic-field emissions
= T-coil mode, magnetic-signal strength in the audio band
= T-coil mode, magnetic-signal frequency response through the audio band
= T-coil mode, magnetic-signal and noise articulation index

The hearing aid must be measured for:
= RF immunity in microphone mode
=  RF immunity in T-coil mode

In the following tests and results, this report includes the evaluation for a wireless communications
device.

Figure 1 Hearing Aid in-vitu

1 Fcc Rule & Order, WT Docket 01-309 RM-8658
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2. TEST SITE LOCATION

2.1 INTRODUCTION

The map at the right shows the location of the PCTEST
LABORATORY in Columbia, Maryland. It is in proximity
to the FCC Laboratory, the Baltimore-Washington
International (BWI) airport, the city of Baltimore and
Washington, DC (See Figure 2).

These measurement tests were conducted at the
PCTEST Engineering Laboratory, Inc. facility in New
Concept Business Park, Guilford Industrial Park,
Columbia, Maryland. The site address is 6660-B Dobbin
Road, Columbia, MD 21045. The test site is one of the
highest points in the Columbia area with an elevation of
390 feet above mean sea level. The site coordinates are
39° 11'15" N latitude and 76° 49’ 38” W longitude. The
facility is 1.5 miles North of the FCC laboratory, and the
ambient signal and ambient signal strength are
approximately equal to those of the FCC laboratory.
There are no FM or TV transmitters within 15 miles of Map of the Greater Baltimore and Metropolitan
the site. The detailed description of the measurement Washington, D.C. area

facility was found to be in compliance with the

requirements of § 2.948 according to ANSI C63.4 on

October 19, 2002.

2.2 Test Facility / NVLAP Accreditation:

Measurements were performed at an independent accredited PCTEST Engineering Lab located in
Columbia, MD 21045, U.S.A.

PCTEST facility is an FCC registered (PCTEST Reg. No. 90864) test facility with

the site description report on file and has met all the requirements specified in

Section 2.948 of the FCC Rules and Industry Canada (IC 2451).

PCTEST Lab is accredited to ISO 17025 by U.S. National Institute of Standards

— and Technology (NIST) under the National Voluntary Laboratory Accreditation

- Program (NVLAP Lab code: 100431-0) in EMC, FCC and Telecommunications.

PCTEST Lab is accredited to ISO 17025 by the American Association for

Laboratory Accreditation (A2LA) in Specific Absorption Rate (SAR) testing, CTIA

Test Plans, and wireless testing for FCC, HAC, CTIA OTA and Industry Canada

Rules.

PCTEST Lab is a recognized U.S. Conformity Assessment Body (CAB) in EMC

= - v | and R&TTE (n.b. 0982) under the U.S.-EU Mutual Recognition Agreement

K (MRA).

e - - PCTEST TCB is a Telecommunication Certification Body (TCB) accredited to
e ISO/IEC Guide 65 by the American National Standards Institute (ANSI) in all

e scopes of FCC Rules.

PCTEST facility is an IC registered (IC-2451) test laboratory with the site

description on file at Industry Canada.

PCTEST is a CTIA Authorized Test Laboratory (CATL) in AMPS and CDMA

mobile phones.

PCTEST® HAC REPORT 2\ BETERY. FCC MEASUREMENT REPORT @ LG Reviewed by:

Quality Manager
HAC Filename: Test Dates: EUT Type: FCCID: Page 4 of 66
HAC.0504110252-R2.BEJ April 11-15 & May 25, 2005 Dual-Band CDMA Phone BEJLX125

© 2005 PCTEST Engineering Laboratory, Inc.



3. EUT DESCRIPTION

FCC ID:
Manufacturer:

Trade Name:
Model(s):

Serial Number:
Tx Frequencies:

Antenna Configurations:

Maximum Conducted
Power (EMC/SAR):
Maximum Conducted
Power (HAC):

HAC Test Configurations:

FCC Classification:
EUT Type:

LG

BEJLX125

LG Electronics USA
2000 Millbrook Drive
Linconshire, IL 60069

LGE

LX225

18

824.04 - 848.97 MHz (AMPS)
824.70 - 848.31 MHz (CDMA)
1851.25 - 1908.75 MHz (PCS)
Fixed Antenna

24.0 dBm (CDMA), 24.0 dBm (PCS)

24.0 dBm (CDMA), 24.0 dBm (PCS)

CDMA, Channels 1013, 363, 777
PCS, Channels 25, 600, 1175

Licensed Transmitter Held to Ear (PCE)
Dual-Band CDMA Phone

Figure 3
Device Under Test
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4. ANSI/IEEE PC63.19 PERFORMANCE CATEGORIES

l. RF EMISSIONS

The ANSI Standard presents performance requirements for acceptable interoperability of hearing aids
with wireless communications devices. When these parameters are met, a hearing aid operates
acceptably in close proximity to a wireless communications device.

Category

Hearing aid RF Parameters

Telephone RF Parameters

Near field E-field immunity || H-field immunity E-field emissions H-field emissions
Category cw cw cw cw
dB(V/m) dB(A/m) dB(V/m) dB(A/m)
| M1 || 30.0 to 35.0 || —23.0t0-18.0 || 46-51 + 0.5 x AWF || —4.410 0.6 +0.5 x AWF |
| M2 || 35010400 | -18010-130 || 41-46+05xAWF || -9.4t0-44+05xAWF |
| M3 || 400t0450 || -13.0t0-80 || 36-41+05xAWF || -14410-94+05xAWF |
| M4 || > 45.0 || >_8.0 || <36+ 0.5 x AWF || <—14.4 + 0.5 x AWF |

Table 6.1
Hearing aid and WD near-field categories as defined in draft ANSI PC63.19. During testing, the hearing aid must
maintain an input-referenced interference level of less than 55 dB and a gain compression of less than 6 dB.

Il. Articulation Weighing Factor (AWF)

Articulation
Standard Technology Weighing Factor
| Tumipusepp | umtswepma) | 0 |
| 1S-95 | CDMA | 0 |
| iDEN™ || TDMA (22 and 11 Hz) || 0 |
| J-stp007 | GSM (217 Hz) | -5 |

Table 6.2
AWF has been developed from information presented to the
committee regarding the interference potential of the various
modulation types according to ANSI PC63.19

Reviewed by:
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5. SYSTEM SPECIFICATIONS

ER3DV6 E-Field Probe Description

Construction; One dipole parallel, two dipoles normal to probe axis
Built-in shielding against static charges
Calibration: In air from 100 MHz to 3.0 GHz
(absolute accuracy £6.0%, k=2)
Frequency: 100 MHz to > 6 GHz;
Linearity: + 0.2 dB (100 MHz to 3 GHz)
Directivity + 0.2 dB in air (rotation around probe axis) — =
+ 0.4 dB in air (rotation normal to probe axis) _Figure 4
Dynamic Range 2 V/mto > 1000 V/m E-f|eIdPFrroel;e(;space

(M3 or better device readings fall well below diode
compression point)
Linearity: +0.2dB
Dimensions Overall length: 330 mm (Tip: 16 mm)
Tip diameter: 8 mm (Body: 12 mm)
Distance from probe tip to dipole centers: 2.5 mm

H3DV6 H-Field Probe Description
Construction: Three concentric loop sensors with 3.8 mm loop diameters

Resistively loaded detector diodes for linear response
Built-in shielding against static charges

Frequency: 200 MHz to 3 GHz (absolute accuracy + 6.0%, k=2);
Output linearized
Directivity: + 0.25 dB (spherical isotropy error)
Dynamic Range: 10 mA/m to 2 A/m at 1 GHz :
(M3 or better device readings fall well below diode Figure 5
compression point) H-Field Free-space
Dimensions: Overall length: 330 mm (Tip: 40 mm) Probe

Tip diameter: 6 mm (Body: 12 mm)
Distance from probe tip to dipole centers: 3 mm

E-Field < 10% at 3 GHz (for plane wave)
Interference:

Probe Tip Description

HAC field measurements take place in the close near field with high gradients. Increasing the measuring
distance from the source will generally decrease the measured field values (in case of the validation
dipole approx. 10% per mm).

Magnetic field sensors are measuring the integral of the H-field across their sensor area surrounded by
the loop. They are calibrated in a precise, homogeneous field. When measuring a gradient field, the result
will be very close to the field in the center of the loop which is equivalent to the value of a homogeneous
field equivalent to the center value. But it will be different from the field at the border of the loop.
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Consequently, two sensors with different loop diameters - both calibrated ideally - would give different
results when measuring from the edge of the probe sensor elements. The behavior for electrically small
E-field sensors is equivalent. See below for distance plots from a WD which show the conservative nature
of field readings at the probe element center vs. measurements at the sensor end:

E (x,y,210)
Z Scan: Value Along Z axis
65

000, 60769 [measurement|taken at probe sensor centel|

) \(
0.001, $5.972 figld magnitude If measurement taken at probg sensor elemegnt end
55 00253797

50

45 \\

40 —

Vim
rTTT

/

//

30

25

1 11 1 | | | 1 | 1 11 11 | | | | 11 1 11 |
0.000 0.002 0.004 0.008 0.008 0.010 0.012 0.014
m
Figure 6 Z-axis scan at maximum point above a typical wireless device

20

The magnetic field loops of the H3D probes are concentric, with the center 3mm from the tip for H3DV6.
Their radius is 1.9mm.

The electric field probes have a more irregular internal geometry because it is physically not possible to
have the 3 orthogonal sensors situated with the same center. The effect of the different sensor centers is
accounted for in the HAC uncertainty budget ("sensor displacement"). Their geometric center is at 2.5mm
from the tip, and the element ends are 1.1mm closer to the tip.

Connector Plan

ER3D ET3D/ES3ID/EX3D
/& %\
[ i o
|

|
|
\ J
\ CHZ /

(seen from back) (seen from front)

Pl

The antistatic shielding inside the probe is connected to the probe connector case.
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It is recommended to connect the probes with the amplifier using a short and well shielded cable and to
connect the cable shielding with the connector case.

Instrumentation Chain
Equation 1
Conversion of Connector Voltage u; to E-Field E;

£ ui+ (u? « CF)HY/I(DCP)
i=

/\' Norm; «ConvF
whereby
E: electric field in Vim
ur. voltage of channel 1 at the connector in uV
Normy: sensitivity of channel i in pW/{Vim}*
ConvF: enhancement factor in liquid (ConvF=1 for Air)
DCP: diode compression point in pV
CF: signal crest factor (peak power/average power)

Conditions of Calibration

Eelais for Offset
Ilemsurerasct
C00L3 LV Th vad 7 oltags)

100k P

 — 5 S

| I T T

— I-J - 2 .

;ﬁ |~ Ditterenri=l Aroplifier
i Bz Current < 100 £4)

100 R
100 M

Please note:
*  alower input impedance of the amplifier will result in different sensitivity factors Norr, and DCP
* larger bias currents will cause higher offset

Probe Response to Frequency

The E-field sensors have inherently a very flat frequency response. They are calibrated with a number of
frequencies resulting in a common calibration factor, with the frequency behavior documented in the

calibration certificate (See also below).
Frequency Response of E-Field
(TEM-Cell:Hi110 EXX, Waveguide R22)

Fraquancy rasponss (normalized)
s =

0 00 W0 1500 0 WD 300
]
— —-TEN A2
— ——TEM  —m-R2

Uncertainty of Frequency Response of E-fieid: £ 6.3% (k2)

Figure 7 E-Field Probe Frequency Response
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H-field sensors have a frequency dependent sensitivity which is evaluated for a series of frequencies also
visible in the probe calibration certificate. The calibration factors result from a fitting algorithm. The proper
conversion is calculated by the DASY4 software depending on the frequency setting in the procedure.
See below for H-field frequency response:

Conversion to Peak

ST

Frequency Response of H-Field
(TEM-Cell:ifi110, Waveguide R22)

___!‘J,_|_. —

£ [MHz]
— —--TEM  -®-R2
—z ——TEM Rz |

Uncertainty of Frequency Response of E-fleld: £ 6.3% [k=2)

Figure 8 H-Field Probe Frequency Response

Peak is defined as Peak Envelope Power. All raw measurements from the HAC measurement system are
RMS values. The DASY4 system incorporates the crest factor of the signal in the computation of the RMS
values (See Equation 1). Although the software also has capability to estimate the peak field by applying
a square root of crest factor value to the readings, the probe modulation factor was applied manually
instead per PC63.19 in the measurement tables in this report. The equation to convert the raw
measurements in the data tables are:

Where:

Peak Field = 20-log (Raw - PMF)

Peak Field = Peak field (in dBV/m or dBA/m)

Raw = Raw field measurement from the measurement system (in V/m or A/m).

PMF = Probe Modulation Factor (in linear units). See MODULATION FACTOR Chapter of test

report.
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SPEAG Robotic System

E-field and H-field measurements are performed using the DASY4 automated dosimetric assessment
system. The DASY4 is made by Schmid & Partner Engineering AG (SPEAG) in Zurich, Switzerland
and consists of high precision robotics system (Staubli), robot controller, Pentium 4 computer, near-
field probe, probe alignment sensor, and the HAC phantom. The robot is a six-axis industrial robot
performing precise movements to position the probe to the location (points) of maximum
electromagnetic field (EMF).

Figure 10

Figure 9 . .
SPEAG Robotic System PCTEST Lab Acoustics Facility

System Hardware

A cell controller system contains the power supply, robot controller, teach pendant (Joystick), and a
remote control used to drive the robot motors. The PC consists of the Gateway Pentium 4 2.53 GHz
computer with Windows XP system and RF Measurement Software DASY4 v4.5 (with HAC
Extension), A/D interface card, monitor, mouse, and keyboard. The Staubli Robot is connected to the
cell controller to allow software manipulation of the robot. A data acquisition electronic (DAE) circuit
that performs the signal amplification, signal multiplexing, AD-conversion, offset measurements,
mechanical surface detection, collision detection, etc. is connected to the Electro-optical coupler
(EOC). The EOC performs the conversion from the optical into digital electric signal of the DAE and
transfers data to the PC plug-in card.
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System Electronics

The DAE consists of a highly sensitive electrometer-grade preamplifier with auto-zeroing, a channel
and gain-switching multiplexer, a fast 16 bit AD-converter and a command decoder and control logic
unit. Transmission to the PC-card is accomplished through an optical downlink for data and status
information and an optical uplink for commands and clock lines. The mechanical probe mounting
device includes two different sensor systems for frontal and sidewise probe contacts. They are also

used for mechanical surface detection and probe collision detection. The robot uses its own controller
with a built in VME-bus computer.

Figure 11
SPEAG Robotic System Diagram

DASY4 Instrumentation Chain

The first step of the evaluation is a linearization of the filtered input signal to account for the
compression characteristics of the detector diode. The compensation depends on the input
signal, the diode type and the DC-transmission factor from the diode to the evaluation electronics.
If the exciting field is pulsed, the crest factor of the signal must be known to correctly compensate
for peak power. The formula for each channel can be given as:

I_. — [.,':_ + Llrzz . f‘f

dep;
with V] = compensated signal of channel i (i=x v %)

U, = imput signal of channel 1 ii=xv 2

cf = crest factor of exciting field (DASY parameter)

dep; = diode compression point (DASY parameter)
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From the compensated input signals the primary field data for each channel can be evaluated:

. / Vi
E — fieldprobes Ei = ‘\" Narm; - ConvF
2
H — fieldprobes : H; = V'/I_ a0 + f?:'l;J: +azaf

with 15 = compensated signal of channel 1 (i==x, v 2)

Norm; = sensor sensitivity of channel 1 (i==x v 2)

;a‘v",-"(‘s-"a.-’m:l"] for E-fleld Probes

C'onwF = sensitivity enhancement in solution

@y = sensor sensitivity factors for H-field probes

f = carrier frequency [GHz]

E; = electric field strength of channel 1 in V/m

H; = magnetic field strength of channel 1 in A/m

The RSS walue of the field components gives the total field strength (Hermitian magnitude):

B = ‘l,.' E; + Eg + E:‘,‘

The primary field data are used to caleulate the derived field units.

The measurement/integration time per point, as specified by the system manufacturer is >500
ms.

The signal response time is evaluated as the time required by the system to reach 90% of the
expected final value after an on/off switch of the power source with an integration time of 500 ms
and a probe response time of <5 ms. In the current implementation, DASY4 waits longer than 100
ms after having reached the grid point before starting a measurement, i.e., the response time
uncertainty is negligible.

If the device under test does not emit a CW signal, the integration time applied to measure the
electric field at a specific point may introduce additional uncertainties due to the discretization.
The tolerances for the different systems had the worst-case of 2.6%.
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6. TEST PROCEDURE

. RFEMISSIONS
Per PC63.19-2005:

Test Instructions

Confirm proper "
operation of probesand
instrumentation
Position WD
Configure WD Tx
Operation

Per Section 4.3.1.2.2 (1-3)

!

Initializefield probe and
take reference reading

Scan Area
M easur e drift
+ :
) ) Rescan for E or H-Field,
I dentify exclusion area and
; . as needed
then identify and record
maximunm reading for Per Section 4.3.1.2.2 (11)
remaining areain V/m or
A/m 'Y

Per Section 4.3.1.2.2 (7-9)

Both E & H Fideld
Scanned?

Identify & Record Category

Per Section 4.3.1.2.2 (10) &

7.2
PCTEST® HAC REPORT 2\ BETRNT. FCC MEASUREMENT REPORT @ LG Reviewed by:
Quality Manager
HAC Filename: Test Dates: EUT Type: FCCID: Page 14 of 66
HAC.0504110252-R2.BEJ April 11-15 & May 25, 2005 Dual-Band CDMA Phone BEJLX125

© 2005 PCTEST Engineering Laboratory, Inc.



Test Setup

S Edom
~ Comtral Area

T2 Em

Relemnoe
Pans

rLine /

Measursrmant

o a Fiare
&

- — |probe sansar
—

' Figure 12
E/H-Field Emissions Test Setup Diagram

Figure 13
HAC Phantom

RF Emissions Test Procedure:

The following illustrate a typical RF emissions test scan over a wireless communications device:

1. Proper operation of the field probe, probe measurement system, other instrumentation, and the
positioning system was confirmed.

2. WD is positioned in its intended test position, acoustic output point of the device perpendicular to
the field probe.

3. The WD operation for maximum rated RF output power was configured and confirmed with the
base station simulator, at the test channel and other normal operating parameters as intended for
the test. The battery was ensured to be fully charged before each test.

4. The center sub-grid was centered over the center of the acoustic output (also audio band
magnetic output, if applicable). The WD audio output was positioned tangent (as physically
possible) to the measurement plane.

5. A surface calibration was performed before each setup change to ensure repeatable spacing and
proper maintenance of the measurement plane using the HAC Phantom.

6. The measurement system measured the field strength at the reference location.

7. Measurements at 2mm increments in the 5 x 5 cm region were performed and recorded. A 360°
rotation about the azimuth axis at the maximum interpolated position was measured. For the
worst-case condition, the peak reading from this rotation was used in re-evaluating the HAC
category.

8. The system performed a drift evaluation by measuring the field at the reference location.

9. Steps 1-8 were done for both the E and H-Field measurements.
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7. SYSTEM CHECK

|. System Check Parameters

The input signal was an unmodulated continuous wave. The following points were taken into
consideration in performing this check:

*  Average Input Power P = 100mW RMS (20dBm RMS) after adjustment for return loss

. The test fixture must meet the 2 wavelength separation criterion

e The proper measurement of the 1 cm probe to dipole separation, which is measured from top surface
of the dipole to the calibration reference point of the sensor, defined by the probe manufacturer is
shown in the following diagram:

E-field probe
Housing

]

Manufactures

Probe Calibration
Reference point lcm

i Top surface of dipole
Dipole
arm Center of dipole

Figure 14
Separation Distance from Dipole to Field Probe

RF power was recorded using both an average reading meter and a peak reading meter. Readings of the
probe are provided by the measurement system.

To assure proper operation of the near-field measurement probe the input power to the dipole shall be
commensurate with the full rated output power of the wireless device (e.g. - for a cellular phone wireless
device the average peak antenna input power will be on the order of 200mW (i.e. - 20dBm) RMS after
adjustment for any mismatch.

II. Validation Procedure

A dipole antenna meeting the requirements given in PC63.19 was placed in the position normally
occupied by the WD.

The length of the dipole was scanned with both E-field and H-field probes and the maximum values for
each were recorded.

Measurement of CW
Using the near-field measurement system, scan the antenna over the radiating dipole and record the

greatest field reading observed. Due to the nature of E-fields about freespace dipoles, the two E-field
peaks measured over the dipole are averaged to compensate for non-paralellity of the setup (
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see manufacturer method on dipole calibration certificates, page 2. Field strength measurements shall be
made only when the probe is stationary.

RF power was recorded using both an average and a peak power reading meter.

Qutput Power Meter Output Power Meter

Soal Directional Coupler /' Sodl | Directional Coupler
Generator i Amplifier
Generator | ] \

——

Power Meter

Reference Power Meter
. Reference
Figure 15 Figure 16

Setup for Desired Output Power to Dipole Setup to Dipole

Using this setup configuration, the signal generator was adjusted for the desired output power (100mW)
at a specified frequency. The reference power from the coupled port of the directional coupler is
recorded.

Next, the output cable is connected to the reference dipole, as shown in Figure 16.

The input signal level was adjusted until the reference power from the coupled port of the directional
coupler was the same as previously recorded, to compensate for the impedance mismatch between the
output cable and the reference dipole.

To assure proper operation of the near-field measurement probe the input power to the reference dipole
was verified to the full rated output power of the wireless device. The dipole was secured in a holder in a
manner to meet the 20 dB reflection. The near-field measurement probe was positioned over the dipole.

The antenna was scanned over the appropriate sized area to cover the dipole from end to end. SPEAG
uses 2D interpolation algorithms between the measured points. Please see below two dimensional plots
showing that the interpolated values interpolate smoothly between 5mm steps for a free-space RF dipole:

e bperpslitell H Lyt
: ; < =y
< L
Nl Ta
T R R i T T T AR k. ol e ih R i
Figure 17 Figure 18
2-D Raw Data from scan along dipole axis 2-D Interpolated points from scan along dipole axis
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lI. System Check Results
Measured Power

Validations were performed for CW, 80%AM and the modulated signal at 20 dBm peak power. See below
for Spectrum Analyzer Plots.

e —— ]
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Chamnel Power Powar Speciral Dessity .5"""" T"af':t,
1997 dbn /20009 HHz SELTRS e
Figure 19

CW Signal (with Max Hold) — 20 dBm Peak
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Figure 20
CDMA Signal (with Max Hold) — 20 dBm Peak
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Figure 21
80% AM, 1kHz MF (Tracel: Max Hold; Trace2:View) — 20 dBm Peak
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Validation Results

Frequency Signal Ei)il(t E-field Ta_rget %
(MHz) Type Power Result Field Deviation
(V/m) (A/m)
(W)
835 Cw 0.100 203.4 185.1 9.9%
835 80% AM 0.100 134.9
835 CDMA 0.100 201.4
1880 CwW 0.100 158.9 145.8 9.0%
1880 80% AM 0.100 115.5
1880 CDMA 0.100 151.9
Peak .
Frequency Signal Input iidele | e %
(MHz) Type Power Result Field Deviation
(A/m) (A/m)
(W)
835 CwW 0.100 0.471 0.470 0.2%
835 80% AM 0.100 0.342
835 CDMA 0.100 0.463
1880 Cw 0.100 0.466 0.450 3.6%
1880 80% AM 0.100 0.336
1880 CDMA 0.100 0.456
| S
171 3
B T T

wor s |

Figure 22

System Check Setup

80%AM Expected Value Calculation:

Peak to Average Ratio (PAR) of 80% AM Signal = 5.1 dB = 1.8 (linear units).
Crest Factor = PAR = 1.8.

Modulation Factor (mf) = 4/cf =1.34

80%AM Expected Value =

UCW—Targa

UCW—Targa

mf

I

PCTEST® HAC REPORT 2\ BETERY. FCC MEASUREMENT REPORT @ LG Reviewed by:

Quality Manager
HAC Filename: Test Dates: EUT Type: FCCID: Page 19 of 66
HAC.0504110252-R2.BEJ April 11-15 & May 25, 2005 Dual-Band CDMA Phone BEJLX125

© 2005 PCTEST Engineering Laboratory, Inc.




8. MODULATION FACTOR

A calibration was made of the modulation response of the probe and its instrumentation chain. This
calibration was performed with the field probe, attached to its instrumentation. The response of the probe
system to a CW field at the frequency of interest is compared to its response to a modulated signal with
equal peak amplitude to that of a CW signal. The field level of the test signals are ensured to be more
than 10 dB above the ambient level and the noise floor of the instrumentation being used. The ratio of the
CW reading to that taken with a modulated reading was applied to the DUT measurements (See
Conversion to Peak section in SYSTEM SPECIFICATIONS chapter).

This was done using the following procedure:
1. The probe was illuminated with a CW signal at the intended measurement frequency.

2. The probe was positioned at the field maxima over the dipole antenna (determined after an
area scan over the dipole), as illustrated in Figure 26.

3. The reading of the probe measurement system of the CW signal at the maximum point was
recorded.

4. Using a Spectrum Analyzer, the modulated signal adjusted with the same peak level of the
CW signal was determined (similar to Figure 19).

5. The probe measurement system reading was recorded with the modulated signal.

6. The ratio of the CW reading to modulated signal reading is the probe modulation factor (PMF)
for the modulation and field probe combination.

7. Steps 1-6 were repeated at all frequency bands and for both E and H field probes.

The modulation factors obtained were applied to readings taken of the actual wireless device, in order to
obtain an accurate peak field reading using the formula:

Peak = 20 - log(Raw - PMF)

This method correlates well with the modulation using the DUT in the alternative substitution method. See
below for correlation of signal:

Frg Thidas

e
A

_ S

Fraa ifest|
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o
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DL . 12 -l etz [T P5AZ diie SZ0RBD WAz I e [
Figure 23 Figure 24

Signal Generator Modulated Signal Wireless Device Modulated Signal
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Modulation Factors:

Ave. E- Ava. H- E-Field H-Field
f (MHz) Protocol | .~ '~ . 9. Modulation | Modulation
Field (V/m)|Field (A/m)
Factor Factor
835 CDMA 181.2 0.463 1.00 1.01
835 CwW 181.8 0.468
1880 CDMA 140.1 0.447 1.00 1.00
1880 CW 139.9 0.446
Figure 25
Modulation Factors
Electric Field hagnetic Field

RF

Signal Generatar

p 1 Armplifier

—} Dual Directional Coupler

Power Meter

RF

Figure 26
Determining Modulation Factor Probe Setup

L

Prokbe
1 cmto top edge of

dipole element

Dipale
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: VERALL MEASUREMENT SUMMARY

BEJLX125
LX225
18

|. E-FIELD EMISSIONS:

Table 1
HAC Data Summary for E-field
Conducted Peak FCC
. Measured | Time Avg. X Limit Excl Blocks
Mode Channel Backlight | Antenna | Power at BS o " Field MARGIN | RESULT
(dBm) Drift (%) Field (V/m) (dBVIm) (dBV/m) ©B) per 4.3.1.2.2

E-field Emissions

CDMA 1013 Off Fixed 24.3 1.2% 59.9 35.6 41.0 M4 7,8,9

CDMA 384 Off Fixed 24.5 -0.3% 58.6 35.4 41.0 M4 7,8,9

CDMA 777 Off Fixed 24.4 4.1% 63.3 36.1 41.0 M3 7,8,9

PCS 25 Off Fixed 24.4 -3.7% 10.2 20.2 41.0 M4 1,2,4

PCS 600 Off Fixed 24.3 -1.6% 10.4 20.3 41.0 M4 1,2,4

PCS 1175 Off Fixed 24.3 2.3% 11.C 20.8 41.0 M4 12,4

CDMA 777 On Fixed 24.4 -1.9% 61.1 35.7 41.0 M4 7,8,9

Figure 27
Sample E-field Scan Overlay
PCTESTO HAC REPORT =\ BETRNY. FCC MEASUREMENT REPORT @ LG Reviewed by:
Quality Manager

HAC Filename: Test Dates: EUT Type: FCCID: Page 22 of 66
HAC.0504110252-R2.BEJ April 11-15 & May 25, 2005 Dual-Band CDMA Phone BEJLX125

© 2005 PCTEST Engineering Laboratory, Inc.



BEJLX125
LX225
18

Il. H-FIELD EMISSIONS:

Table 2
HAC Data Summary for H-field
Conducted ) Peak . FCC
Mode | Channel | Backlight | Antenna |Power atBS Mg‘?‘fst“;d ;'Tde 2)’9' Field d;':j/'t MARGIN | RESULT EXCJI g'iczk:
(dBm) rift 06) [ Field (Am) | g am) [(@BAM)| gy ey &S0,
H-field Emissions
CDMA 1013 Off Fixed 24.3 4.7% 0.087 211 | -94 M4 1,4,7
CDMA 384 Off Fixed 24.5 -3.7% 0.068 233 | -94 M4 1,4,7
CDMA 777 Off Fixed 24.4 3.3% 0.089 209 | -9.4 M4 1,4,7
PCS 25 Off Fixed 24.4 -1.9% 0.025 321 | -94 M4 4,78
PCS 600 Off Fixed 24.3 -4.5% 0.024 324 | -94 M4 4,7,8
PCS 1175 Off Fixed 24.3 0.8% 0.033 296 | -9.4 M4 4,7.8
Figure 28
Sample H-field Scan Overlay
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BEJLX125

LX225

18

lll. Worst-case Configuration Evaluation

Table 3
Peak Reading 360° Probe Rotation at Azimuth axis
Conducted . Peak —_— FCC
Mode Channel Backlight | Antenna | Power at BS M;?;%;Sd ;ZT;(C\/I% Field (dLBI\T/Ir;) MARGIN | RESULT
(dBm) (dBV/m) (dB)
Probe Rotation
CDMA 777 Off Fixed 24.4 4.1% 67.5 36.6 41.0 M3
E(roll)
64.3 =+0.44 dB;
140
120
100
£ 80 B
> L
h4—0—0—-0—0—0—~4_'_“‘_._4
H—HH’—Q—._FAO—O—Q—H-*-.—M A L aad V._H_M
60 LH—HM.._.W
40
20
07\\\IIIII I Y Y I A I I I A I I I A |
0 50 100 150 200 250 300 350
Deg
Figure 29

Worst-Case Probe Rotation about Azimuth axis

* Note: Location of probe rotation is shown in Figure 27 or Figure 28
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10. EQUIPMENT LIST

HP 437B Power Meter May 2006 3125024437
[Amplifier Research 55164 (5W, 800MHz-4.2GHz) January 2006 22322
Gigatronics 80701A (0.05-18GHz) Power Sensor April 2006 1833460
HP 8482H (30mW-3W) Power Sensor February 2006 2237A02084
HP 8594A Spectrum Analyzer February 2006 3051A00187
Gigatronics 8657A Universal Power Meter April 2006 1835256
HP 8753E (30kHz-6GHz) Network Analyzer February 2006 JP38020182
[Agilent 8960 Base Station Simulator January 2006 PCT080
Agilent Base Station Simulator May 2006 661
Rohde & Schwarz CMD80 Base Station Simulator June 2006 830805/005
Rohde & Schwarz CMU200 Base Station Simulator November 2005 650378
Adgilent ESG-D Signal Generator October 2005 PCT800
Optix Fiber-Optic Line N/A

SPEAG Freespace 1880 MHz Dipole February 2007 1002
SPEAG Freespace 1900 MHz Dipole February 2007 1002
SPEAG Freespace 2450 MHz Dipole February 2007 1004
SPEAG Freespace H-field Probe QOctober 2005 6180
SPEAG Freespace E-field Probe January 2006 2332
Bruel & Kjaer HATS System December 2005 687
Hosa High Precision TRS Cable N/A

EMCO Model 3115 (1-18GHz) Horn Antenna Qctober 2006 9203-2178
EMCO Model 3115 (1-18GHz) Horn Antenna QOctober 2006 9704-5182
Rohde & Schwarz NRVS Power Meter June 2006

2R/I;_I(;mdgren Model 26- Shielded Screen Room N/A 6710 (PCT270)
[MicroCoax 1(1,0-26,5GHZ) Microwave Cables N/A N/A

HP 8648D (9kHz-4GHz) Signal Generator October 2005 3613A00315
Rohde & Schwarz (0.1-1000MHz) Signal Generator September 2005 894215/012
Ray Proof Model S81 Shielded Semi-Anechoic Chamber N/A R2437 (PCT278)

3020A (50-1000MHz) Bi-Directional Coax

Narda January 2006

Coupler
HP 8901A Modulation Analyzer January 2006 2432A03467
HP 8903B Audio Analyzer January 2006 3011A09025

*Calibration traceable to the National Institute of Standards and Technology (NIST).

Table 4

Equipment List
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11. MEASUREMENT UNCERTAINTY

Wireless Communications Device Near-Field Measurement
Uncertainty Estimation
Uncertainty Component I(Ddaéa)\ Data Type |Prob. Dist| Divisor | Unc. (dB)] Notes/Comments
Measurement System
RF System Reflections 0.50 Tolerance R 1.73 0.30 * Refl. <-20 dB
RF Ambient Conditions 0.20 Tolerance R 1.73 0.12
Field Probe Conversion Factor 0.42 Tolerance R 1.73 0.25
Field Probe Isotropy 0.11 Tolerance R 1.73 0.06
Field Probe Frequency Response 0.135 Tolerance R 1.73 0.08
Field Probe Linearity 0.025 Tolerance R 1.73 0.01
Boundary Effects 0.105 Accuracy R 1.73 0.06
Sensor Displacement 0.66 Accuracy R 1.73 0.39 *
Probe Positioning Accuracy 0.20 Accuracy R 1.73 0.12 *
Probe Positioner 0.050 Accuracy R 1.73 0.03 *
Extrapolation/Interpolation 0.045 Tolerance R 1.73 0.03 *
System Detection Limit 0.05 Tolerance R 1.73 0.03 *
Readout Electronics 0.015 Tolerance N 1.00 0.02 *
Integration Time 0.11 Tolerance R 1.73 0.06 *
Response Time 0.033 Tolerance R 1.73 0.02 *
Phantom Thickness 0.10 Tolerance R 1.73 0.06 *
Test Sample Related
Device Positioning Vertical 0.4 Tolerance R 1.73 0.24 *
Device Positioning Lateral 0.045 Tolerance N 1 0.05 *
Device Holder and Phantom 0.1 Tolerance R 1.73 0.06 *
Power Drift 0.21 Tolerance N 1 0.21
Combined Standard Uncertainty (k=1) 0.65 16.1%
Expanded Uncertainty (k=2) [95% confidence] 1.30 32.3%

Table 5

Uncertainty Estimation Table

Notes:

1. Test equipment are calibrated according to techniques outlined in NIS81, NIS3003 and NIST Tech Note 1297. All
equipment have traceability according to NIST. Measurement Uncertainties are defined in further detail in NIS 81
and NIST Tech Note 1297 and UKAS M3003.

2. *Uncertainty specifications from Schmidt & Partner Engineering AG (not site specific)

Measurement uncertainty reflects the quality and accuracy of a measured result as compared to the true
value. Such statements are generally required when stating results of measurements so that it is clear to
the intended audience that the results may differ when reproduced by different facilities. Measurement
results vary due to the measurement uncertainty of the instrumentation, measurement technique, and test
engineer. Most uncertainties are calculated using the tolerances of the instrumentation used in the
measurement, the measurement setup variability, and the technique used in performing the test. While
not generally included, the variability of the equipment under test also figures into the overall
measurement uncertainty. Another component of the overall uncertainty is based on the variability of
repeated measurements (so-called Type A uncertainty). This may mean that the Hearing Aid immunity
tests may have to be repeated by taking down the test setup and resetting it up so that there are a
statistically significant number of repeat measurements to identify the measurement uncertainty. By
combining the repeat measurement results with that of the instrumentation chain using the technique
contained in NIS 81 and NIS 3003, the overall measurement uncertainty was estimated.
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12. TEST DATA

See following Attached Pages for Test Data.

PCTEST® HAC REPORT 2\ BETRNT. FCC MEASUREMENT REPORT @ LG Reviewed by:

Quality Manager
HAC Filename: Test Dates: EUT Type: FCCID: Page 27 of 66
HAC.0504110252-R2.BEJ April 11-15 & May 25, 2005 Dual-Band CDMA Phone BEJLX125

© 2005 PCTEST Engineering Laboratory, Inc.



Date: 6283005

2\ BCTRNT.

PGCTEST Hearing-Ald Gompatability Facility
DUT: HAC Dipole 835 MHz

Ty COBISV
Sarial #H3

Commeunicatl Syalam: CW; Fraguency: B35S MHz

Maasument Slandaxd: [ASYA High Preckion Assceament)
RS A Gl uradam

» Probe EAZDAG - SM2202 Cobbenled 15015008
o Sarvar-Sufacn (P Surlacs)

» Elocimncs: [ME4 SnS4T; Caliveriad #E30004
+ Presriom HAC Pressom: Type: S0 HAC P B4
o Mecsmamant S0 DARYA V45 Buikl 10

CWiHaaring Ald Compatibility Test ($1x36101); Measwroman grid deetimm, dyafimm
Wzdmiim vt o Total Naid skt asamgad) = 2099 Vim

Hearing Aid MearFiekd Category: M1 (AWF 0 dB)

E I Wim (T sivermgeed) E in Wen {55l srsqacynd)

Grid 1 Ged 2 G 3 |
1854 197.4 1903
Gk 4 (o 5| it B
101.9 106.0 11,7
Carkd 7 Dl . Cared |
187.1 209.3 198.2

Grid 1 Gid 2 Grid 3
185.4 157.4 190,23
Grid 4 G5 Geid &
1018 1060 101.7
Grid 7 Gl & Cirid 9
1871 209.3 198.2

Calagory AWE (dB) Limits for E-Flelil Emsskans (v Limis o H-Fiskl Emisglons (Am)
M1 o

198.5 - 364 8 06107
-5 1A - 2661 0.45- 0.8
Mz i 122 1895 0.34. 06
6 B4 - 15 0.26 - 046
M3 i B34- 1122 014 - 0.34
B 47.3. BA.1 0.5 - 0.25
[TE] 1] <1 <18
B =473 =015
iR
wop
-2.8%
572
L i
1A
143
0 dB - 2089 m
2005 PCTEST LAB
PCTESTO HAC REPORT )\ PETEST. FCC MEASUREMENT REPORT @ . Reviewed by:
Quality Manager
HAC Filename: Test Dates: EUT Type: FCCID: Page 28 of 66
HAC.0504110252-R2.BEJ April 11-15 & May 25, 2005 Dual-Band CDMA Phone BEJLX125
© 2005 PCTEST Engineering Laboratory, Inc.




Diadsr 22005

) PCTEST

PCTEST Hearing.Ald Compat ability Facility
DUT: HAC Dipole 835 MHz

Tope: COBIGY
Geral 1003
[waT)F nicaiios Sy slam: 3055 AR edjuaney: B35 KHZ

Plrsurmat Bardant DAEYY Hgh Prodean Bscsamon]

DCASY A Conbpanak

& Froba: BRI - GHEEEY: Colh ot 10312005
o sor- Bt (Fi Saface)

& Bertionics: M54 ST, Calibratedt S0 2004
® Fhamiam HAG Whin; Type: 50 HAG PO1ER

& Bluymrarent G DAGTS WS Buldd 15,

E0%AMMeaning Ald Compatibity Test (410381 x1): veasrement grid. de=Gmm, dy=Smm
Mazimum valus of Total fisld (ot meeraged) = 126 2 'Wim

Hearing Ak Near-Fialil Category: ME (AWF 0 dB)

E in Vi [Tine adaraged) E n Vim (Sl avaragad)
Grid 1p5nd 2/ Grld 3 [arid 1]om 2]Gnd 3
1H.01324 1138 5'1&3.2:13&.'2 1618/
fand 4 ¥and & Grid B | 4G BjlGnd B
Ti0 74D Bi4 AbEE 1052 g
Grid 7)Gnd 2/ Grld 2 \Grid 7 Grid BGnd 2
TIES1ITA V4 19391852 1620

l:il--\_.nr‘.l:ﬁl'lF [dBLinits Tor E-Fiald Eniasicrs (Wi | Limis fsr H-Fisld Enasiens (40
1 | i 100 6 - 3543 0.6 - 1.07
-5 1406 - 2651 045- 0B
M2 [ i 1122 - (E5 0,34 - 0§
-5 B 1 - 14908 .25 - .45
] [ [ CERIEE 0.19-04
-5 47.3- 8 0115 - 0.5
(TT] | i o g =8
AT 15
@
i
-1
i
E
T
ne
r
0 @ = 137.4¥Tm
Q2005 PCTESTLAR
PCTESTO HAC REPORT 2\ RETRNT. FCC MEASUREMENT REPORT @ . Reviewed by:
Quality Manager
HAC Filename: Test Dates: EUT Type: FCCID: Page 29 of 66
HAC.0504110252-R2.BEJ April 11-15 & May 25, 2005 Dual-Band CDMA Phone BEJLX125

© 2005 PCTEST Engineering Laboratory, Inc.




EA‘F'_'_': TROT.

FCTEST Hearing-Ald Compatability Facility
DUT: HAC Dipole 2335 MHz

Typa: CO2ND
Sariat 1003

i ik il il Byitamn . COMA; Frogeaescy: 415 NHz

W ieves] Stankand: DRSNS [Hgh Procison Resesment )

DA Cord g ey

& Pobsa: BRIV - NI, Callwabed: 161 SO0
& Birgis- Bulader (Fie Burka)

# B [AEA Gl 7, Calbrn e 12000
™ Praniart HEC Phanioin Typec 20 HAC PO1 BA;
& Whomremen| S8k [ EYS, YA Buld 1%

COMAHearing Ald Compatibility Test (#1036 %1 ) Measuremant gnd: de=Smm, de=5mm

Wammum valus of Totdl field (elot avaraged) = 206,23 ¥Wim
Haarimg A MearFisld Calegory- M1 (AWF 0 0B

E in Vim [Tims averaged) E in Yim (5o sveraged)
Grd 1|Grd 2|Gna 3| fand 1]Ga 2)a 3
1978 197.4/19001 | 1678 197.4180.1
Grid 4| Gad B|Grd & [Grid 4 |G B e
1015 WET 018 [04.9 1057 10,8
Geid 7| God 6Ged %] fGnd TG BlG 8
1965 20531962 1 BE.5| 20531962

Dabe SZATE005

Ciatagyory | BF (dEJLImits far E-Fiald Emicaiors [WinjLimits Tor H-Fidd Emigsions (Alm)
it o 1296 - 35 o 06-1.07
-5 1496 - 56,1 045 - 08
JH 1 1122 - 128§ .3 - 0
-5 2.1 149.4 0,26 - D45
Lt It 31 - 112 019- 0.5
-5 470-BdA 016 - 025
a4 [l <631 RAC)
-5 47 3 <115
o
[T ]
-
-
ST
o -
A
“14a
OB = 306 T
i 05 PCTEST
PCTESTO HAC REPORT 2\ RETRNT. FCC MEASUREMENT REPORT @ . Reviewed by:
Quality Manager
HAC Filename: Test Dates: EUT Type: FCCID: Page 30 of 66
HAC.0504110252-R2.BEJ April 11-15 & May 25, 2005 Dual-Band CDMA Phone BEJLX125

© 2005 PCTEST Engineering Laboratory, Inc.




Dang: 41 1S
Z\ PETENY.

PCTEST Hearing-Ald Compatablility Facility

DUT: HAC Dipole 1900 MHz

Ty COTARINVI
Sariak 1002

Comamunlcabbon Sysiem: CW, Froguency: 1880 MHz
Masgisnint Slardard DABYE [High Practaion Bacesasment)
DASYE Coenliguisdion

& Proba ERSCNE - BNFED, Calbvailed 1E15008
» EonsorSurteoe: (Fa Surlace)

= Elecmnice: [AES Snfil. Calberiact 3227004
* Frasiees: HAT Preaalon; Typa: S0 HAG P BA;
& Mesarermant EW (4574, W4 5Bl T

4-11-06/Hearing Ald Compatibllity Test (41x181x1): Moasuremant grid: du=%mm, dy="Smm
Mellazimwm valuo of Tolal ficld (shol avoraged) = 169,85 Vim
Hearing Aid Mear-Field Category: M2 (AWF 0 dB)

E in Vim {Tima avoraged) E in Vi'm {Siot aweraged)
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Gnd 7 Gnd B Grid 8 Gnd 7 Grid B Grid 9
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Wiksmuinma! Sandand DULSYA (High Peactiion As crven)
DukEYd Contigurator:

& Picba: ERSIVG - SMETI2. Cabibexist 1902006
& Geract-Surlscy [FocSurtacs|

& Ekctnizs DUES Srad7, Calbvaled: DOR20M
& Prasssm HAC Mas, Ty S0 HAD PO B4

= lasiaiarend S (ASYA VA 5 Bl 18

1820MHz, 100mW/20dBm B0%AMHaaring Ald Compatibility Test (3101B121): Messwrsmant grid: deefmm, dy=5mm

'd_: 'E r!"l’.‘qﬂ a nl"

PCTEST Hearing-Aid Compatability Facility
DUT: HAC Dipole 1300 MHz

T CLN2a0YI
Sermt 1002
Oty Gpele: 12402

iminiease St = AM; Fregus 1650 MHz

Madmem value of Tolal ek (s averaged) = 1857 Wim
Huaring Ald Mesr-Fild Casgany: M2 (AWF 0 dB)

Emim {Tme avenged) Eindm (S0l avemgoed)

Tl 1 Gl & okl 3

10T 1137 1109

Grid 4 Grid § | Grid &
T899 826 81.0
Grid 7 Grd 8 | Grd 8
1107 117.3 1148

Ciri 1 | il 2 Okl 3
153.4 1616 1576
Girid 4 |Gl & Gl
113.6 117.4 1151
Gl 7 |Gl & G @
167.3 166.7 163.2

Category SWF [dE) Limsts lor E-Festd Emissions (Vim] Lamis Tor H-Fleld Emizsons (Am)

M ] 1005 - 454 13 0E- 107
-5 fa86. 3651 DS -DE
2 0 2z 196 006
-8 BT - 1826 025 - 0
R u B31-11232 0% -0.4
5 473 -84 015 -0.25
M2 ] =H31 =0.1%
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