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1. GENERAL INFORMATION

FCCID: A3LSMJ500M

Model Name : SM-J500M/DS

Additional Model: SM-J500M

Serial Number : AM-049-A

Manufacturer : SAMSUNG Electronics

Address : 129, Samsung-ro, Suwon-si, Gyeonggi-do, 443-742, Korea
Test Standard : ANSI C63.19 - 2011

Test Dates : 2015.06.08 ~ 09

Tested for : Certification

2. DESCRIPTION OF DEVICE

GSM 850/1900, WCDMA 850/1700/1900

Support Bands : LTE 2/4/5/17, WLAN 2.4GHz, Bluetooth

GSM 850, Ch.128/190/251, BT off, WLAN off, LTE off

HAC test Configuration - 5q\11900, Ch.512/661/810, BT off, WLAN off, LTE off

EUT Type : Portable Handset

Antenna Configuration : Internal Antenna

Indicating Operating modes for Air Interfaces/Bands

Simultaneous Voice Over WIFI .
Air- Interface = Band(MHz) Type Transport ngtce;d Transmissions Digital Transport Low P%Cwéilglzlu%tsigﬂn
Not to be tested OTT Capability Power
850 VO Yes Yes: WIFI or BT N/A N/A No
GSM 190 No
GPRS/EDGE DT No Yes: WIFI or BT Yes N/A N/A
850 N/A
1700 VD No; Yes: WIFI or BT N/A N/A N/A
WCDMA 1900 N/A
HSPA DT No Yes: WIFI or BT Yes N/A N/A
700 N/A
LTE 575000 DT No Yes: WIFI or BT N/A N/A wﬁ
1900 N/A
WiFi 2450 DT No Yes: GSM,WCDMA or LTE Yes N/A N/A
BT 2450 DT No Yes: GSM,WCDMA or LTE N/A N/A N/A
Type Transport Notes:
VO = Voice Only 1. Evaluated for MIF and Low-power exemption
DT = Digital Data — Not intended for CMRS Service
VD = CMRS and Data Transport
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3. DESCRIPTION OF TEST EQUIPMENT

3.1 HAC Measurement Setup

Robotic System

Measurements are performed using the DASY4 (or DASY5) automated dosimetric assessment system.
Which is made by Schmid & Partner Engineering AG (SPEAG) in Zurich, Switzerland and consists of
high precision robotics system (Staubli), robot controller, measurement server, Samsung 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) (see Fig. 3.1).

Remote Control Box PC
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robaot 1 dkuke nhok st
—/ controller
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O
L 1]

Teach Pendant

Figure 3.1 SPEAG Robotic System Description

System Hardware

A cell controller system contains the power supply, robot controller, teach pendant (Joystick), and a
remote control is used to drive the robot motors. The PC consists of the Samsung computer with
Windows operating system and RF Measurement Software DASY4 (or DASY5) with HAC extension,
LCD 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

measurement server.
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System Electronics

The DAE4(or DAE3) 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 measurement server 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.

3.2 Probe Description

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) Figure 3.2 E-field Probe
Directivity 1+ 0.2 dB in air (rotation around probe axis)

+ 0.4 dB in air (rotation normal to probe axis)

Dynamic 2V/m to 1000V/m
Range (M3 or better device readings fall well below diode compression point)
Linearity : 10.2dB
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
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3.3 Test Arch Phantom
Enables easy and well defined positioning of the phone and calibration dipoles as well as simple
teaching of the robot (See Figure 3.4)
Dimensions: 370 x 370 x 370 mm

Figure 3.3 Test Arch Phantom

3.4 Validation Dipole

The reference dipole should have a return loss better than —20 dB (measured in the setup) at the
resonant frequency to reduce the uncertainty in the power measurement.

Application - Free space antenna
- Hearing Aid susceptibility measurements according to ANSI C 63.19
- Validation of Hearing Aid RF setup for wireless device emission measurement according to ANSI
C63.19
Frequency 835, 1880 MHz
Return Loss < -20 dB at specified validation position
835MHz : 166.0 x 330 mm
Dimensions
1880MHz : 80.8 x 330 mm
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3.5 Equipment Calibration

Model Cal. Due Date Serial No.
SPEAG DAE4 2016.01.21 1241
E-Field Probe ER3DV6 2016.05.08 2453
Validation Dipole CD835 V3 2017.02.17 1105
Validation Dipole CD1880 V3 2017.01.20 1016
Staubli Robot TX90XL - F10/5FN5A1/A/01
HAC Phantom - 1078
E4438C Signal Generator 2016.02.03 MY45094010
BBS3Q7ECK Power Amp 2016.02.04 1024
N1912A P-Series Power Meter 2016.02.02 MY45100306
N1912A Wideband Power Sensor 2016.02.02 MY45240464
N1912A Wideband Power Sensor 2016.02.02 MY45240463
N1912A P-Series Power Meter 2016.02.02 MY52370011
E-Series Power meter 2016.02.02 MY52360008
DASY52 S/W (ver 52.8.8) - -
778D Directional Coupler 2016.02.02 20412
E5515C Base Station Simulator 2015.11.06 MY50261069
CMW500 Base Station Simulator 2015.08.25 141228
Audio Interference Analyzer (AlA) - 1035
Table 3.1 Test Equipment Calibration
NOTE:
The E-field probe was calibrated by SPEAG.
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4. HAC MEASUREMENT PROCEDURE

Test Instructions

» Confirm proper operation of
probes and instrumentation

»  Position WD
» Configure WD TX operation
Per 5.5.1.2 (a-c)

l

» Initialize field probe
» Scan Area

Per 5.5.1.2 (d-f)

|

» ldentify exclusion area.

» Rescan or reanalyze open area
to determine maximum

» Indirect method: Add the MIF
to the maximum steady state
rms field strength and record
RF Audio Interference Level,
in dB(V/m)

Per 5.5.1.2 (g-h) & 5.5.1.3

]

» ldentify and record the
category

Per 5.5.1.2 (i-j)
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The evaluation was performed using the following procedure.

1. Confirm proper operation of the field probe, probe measurement system, and other instrume

ntation.

2. WD is positioned in its intended test position, acoustic output point of the device perpendic

ular 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 intend

ed 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 poss

ible) to the measurement plane.

5. A surface calibration was performed before each setup change to ensure repeatable spacin

g 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 the E-Field measurements.

10. The HAC measurement software calculates a reference point at the start and end of the te

st to check for power drifts. If conducted power deviations of more than 5% occurred, the tests

were repeated.
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5. DESCRIPTION OF TEST POSITION

5.1 Measurement reference and plane

1. The grid is 5 cm by 5 cm area that is divided into 9 evenly sized blocks or sub-grids.

2. The grid is centered on the audio frequency output transducer of the WD (speaker or T- coil).

3. The grid is in a reference plane, which is defined as the planar area that contains the
highest point in the area of the phone that normally rests against the user's ear. It is parallel to the
centerline of the receiver area of the phone and is defined by the points of the receiver-end of the WD

handset, which, in normal handset use, rest against the ear.

4. The measurement plane is parallel to, and 1.5 cm in front of, the reference plane.

wertical certerine of acoustic sutput
Yertical centerfine of phone Ceoincident in this case with the vertical
lonincicert in this case with the vertical canteriine of the phone] centerling of phone)

Horzontal centerline of
acoustic output

Haorizontal centerling of
acoustic output

Measurement Flane
Thorizontal - parallel tofloor)

Reference Flane
(horizortal- parallelto floor)

Figure 5.1 Wireless Device and Measurement Plane
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6. Measurement Uncertainty

2
. probability - Ci ui(y) | WO Vior Ver | uiy)*Ver
Source of Uncertainty Value s e et Divisor E E £ E E
Measurement System normal 2.000 1 5.05 25.50 00 0
Probe Calibration 10.10 normal 2.000 1 0.25 0.06 00 0
Axial Isotropy 0.50 normal 2.000 1 0.30 0.09 00 0
Linearity 0.60 rectangular 1.732 1 9.53 90.75 00 0
Sensor Displacement 16.50 rectangular 1.732 1 1.39 1.92 00 0
Boundary Effects 2.40 rectangular 1.732 1 4.16 17.28 00 0
Phantom Boundary Effects 7.20 rectangular 1.732 1 5.77 33.33 00 0
Scaling with PMR calibration 10.00 rectangular 1.732 1 0.14 0.02 00 0
System Detection Limit 0.25 rectangular 1.732 1 0.17 0.03 00 0
Readout Electronics 0.30 rectangular 1.732 1 1.50 2.25 00 0
Integration time 2.60 normal 1.000 1 0.21 0.04 4 0.000490149
System repeatability 0.21 normal 1.000 1 2.48 6.17 2 19.04220248
RF Reflections 2.48 rectangular 1.732 1 0.69 0.48 00 0
Probe Positioner 1.20 rectangular 1.732 1 2.71 7.36 00 0
Probe Positioning 4.70 normal 1.000 1 3.53 12.46 4 38.8185072
Variability between 2mm & 5mm 3.53 rectangular 1.732 1 0.58 0.33 00 0
Extrap. And Interpolation 1.00
Test Sample Related rectangular 1.732 1 2.71 7.36 ) 0
Device Positioning Vertical 4.70 rectangular 1.732 0.58 0.33 00 0
Device Positioning Lateral 1.00 normal 1.000 0.61 0.37 8 0.016816497
Device Holder and Phantom 0.61 rectangular 1.732 2.89 8.33 00 0
Power Drift 5.00
Phantom and Setup Related rectangular 1.732 1 1.39 1.92 00 0
Phantom Thickness 2.40 normal 2.000 1 5.05 25.50 00 0
uc(Fs) Combined Standard Uncertainty normal 14.71 216.41 809 57.87801633
U(Fs) Expanded Uncertainty(on Power) normal k= 2.00 29.42
U(Fs) Expanded Uncertainty(on Field) normal k= 2.00 14.71
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7. SYSTEM VERIFICATION

7.1 Test System Validation
Prior to assessment, the system is verified to the £10% of the specification at 835MHz and 1880MHz

by using the system validation kit(s). (see Appendix C, Graphic Plot Attached)

Targeted Measured Deviation
Frequency E—field E—field (%) Date
o
(V/m) (V/m)
835 MHz 106.8 113.58 6.35 2015.06.08
1880 MHz 90.4 90.22 -0.2 2015.06.09

*Validation was measured with input power 100 mW.
Table 7.1 System Validation Results

Power Meter

| |
Power | [Power
Sensor| | Sensor

§igna| Dual
Generatar Directional
Coupler
Power Supply
Figure 7.1 Dipole Validation Test Setup
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E - Field
Probe Housing

Center point of the probe elements

T

15 mm

\ Top surface of dipole

( Dipole Antenna ( 9* Center of dipole

Figure 7.2 Separation Distance from Dipole to Field Probe

Validations of the DASY4(or DASY5) test system were performed using the measurement equipment
listed in Section 3.2. All validations occur in free space using the DASY4(or DASYS5) test arch. Note
that the 15mm probe to dipole separation is measured from the top edge of the dipole to the
calibration reference point of the probe. SPEAG uses the center point of the probe sensor(s) as the
reference point when establishing targets for their dipoles. Therefore, because SPEAG's dipoles and
targets are used, it is appropriate to measure the 15mm separation distance to the center of the
sensors as they do. This reference point was used for validation only. Validations were performed at
1880 MHz. These frequencies are within each operating band and are within 2MHz of the mid-band

frequency of the test device. The obtained results from the validations are displayed in the table 7.2.
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8. MODULATION INTERFERENCE FACTOR

For any specific fixed and repeatable modulated signal, a modulation interference factor (MIF,
expressed in dB) may be determined that relates its interference potential to its steady-state RMS
signal level or average power level. This factor is a function only of the audio-frequency amplitude
modulation characteristics of the signal and is the same for field-strength and conducted power
measurements. The MIF is valid only for a specific repeatable audio-frequency amplitude modulation
characteristic; any change in modulation characteristic requires determination and application of a new
MIF.

8.1 Calibrated Modulation Interference Factors

Manufacturer (SPEAG) provides the probe calibration services about MIF for various modulations.

Test lab can use MIF value from manufacturer.

Band Channel MIF[dB]
128
GSM850 190
251
512
GSM1900 661

810
Table 8.1 MIF Table for GSM

3.63

WCDMAS850 [dB] WCDMA1700 [dB] WCDMA1900 [dB]

Mode

4132 | 4183 | 4233 | 1312 | 1412 | 1862 | 9262 | 9400 | 9538

12.2 Kbps RMC
12.2 Kbps AMR

-27.23

Table 8.2 MIF Table for WCDMA
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8.2 Measured Modulation Interference Factors

The following procedure was used to measure the MIF suing the SPEAG Audio Interference Analyzer.

1. The device was placed into a simulated call using a base station simulator or set to transmit
using test software for a given mode.
The device was then set to continuously transmit at maximum power.
Using a coupler or divider if needed, the device output signal was connected to the RF In port
of the AIA (Audio Interference Analyzer), which was connected to a desktop computer.
Alternatively, a radiated RF signal may be used with the AlA’s built-in antenna.

4. The MIF measurement procedure in the DASY software was run, and the resulting MIF value
was recorded.

5. Steps 1-4 were repeated for all CMRS air interfaces, frequency bands, and modulations.

8.3 MIF Measurement Block Diagrams

MIF

ﬁ MIF Output

AlA

PR
Base Station

EUT Coupler (or divider) Simulator

Figure 8.1 MIF Measurement Setup using a Base Station Simulator
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9. RF Conducted Power Measurement

9.1 Handset Capabilities

The Handset was placed into a simulated call using base station simulator in a shielded chamber.
Such as test signals offer a consistent means for testing HAC and are recommended for evaluating

HAC. Measurements were taken with a fully charged battery. In order to verify that the device was

tested and maintained at full power, this was configured with the base station simulator.

9.2 HAC measurement conditions

Conducted power of all air interfaces were measured with base station simulator and EUT power was

set to maximum output power level.

Air Interfaces | Parameter Name Setting Parameter
GSM PLC GSM850: '5', GSM1900: '0'
WCDMA TPC All up bits

Table 9.1 Power Control Parameters and setting by Air Interface

9.3 RF conducted Power measurement Block Diagram

Power Measurement were performed using a base station simulator under digital average power.

] ) Wireless
Base Station Simulator <«—— RF Connector ——» Device
Figure 9.1 Power Measurement Setup
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9.4 GSM and WCDMA Conducted Powers

GSM GPRS Data EDGE Data
GPRS | GPRS | GPRS | GPRS | EDGE | EDGE | EDGE | EDGE
Band Channel | vgice | 1TX 2 TX 3TX 4TX 17TX 2 TX 3TX 4TX
(dBm) Slot Slot Slot Slot Slot Slot Slot Slot
(dBm) | (dBm) | (dBm) | (dBm) | (dBm) | (dBm) | (dBm) | (dBm)
Target Power 33 33 315 29 27 27 25.5 23.5 22
128 3255 | 3253 | 3164 | 2882 | 27.07 | 27.11 2523 | 23.36 21.94
GSM850 190 3280 | 3277 | 3184 | 2905 | 2694 | 27.36 | 25.51 23.66 22.07
251 3289 | 3287 | 3152 | 2918 | 27.06 | 27.18 | 25.31 23.48 22.06
Target Power 30.00 | 30.00 | 2850 | 27.00 | 2550 | 27.00 | 2450 | 22.50 21.00
512 3022 | 3027 | 2849 | 2728 | 2567 | 27.30 | 24.61 22.60 21.32
GSM1900 661 30.17 | 30.21 2865 | 2710 | 2547 | 27.33 | 24.61 22.58 21.30
810 29.81 2084 | 2830 | 26587 | 2526 | 2698 | 2432 | 22.29 21.03
Table 9.2 Conducted Power Table for GSM
3GPP
SEP 34.121 Cellular Band [dBm]
Release Mode Subtest MPR | Target
Tolerenea Power THEEGE Power TlEERGE Power Target | Value
Version 4132 (dB) reduction 4183 (dB) reduction 4233 (dB) reduction
(dB) (dB) (dB)
12.2
99 | WCDMA | kbps | 22.59 | 21~23 2268 | 21~23 2257 | 21~23 - 22.5
RMC
12.2
99 | WCDMA | kbps | 22.52 | 21~23 2266 | 21~23 2256 | 21~23 - 22.5
AMR
Subtest
5 A 2249 | 21-~23 0.01 |2263]| 21~-23 -0.13 | 2254 | 21-23 -0.04 0 225
5 S“bzteSt 2252 | 21~23 0.02 |2265| 21~23 015 |2254| 21~23 -0.04 0 225
HSDPA
5 S“bsteSt 22.46 | 20.5~225| 0.04 |22.62|205-225| -0.12 |22.53|205-225| -0.03 05 | 22.0
5 S“Zte“ 2253 | 20.5~225| -0.03 |22.63|20.5~225| -0.13 |22.52|205-225| -0.02 05 | 220
6 S“blteSt 2219 | 21~23 031 |2251| 21~23 0.01 |2241| 21~23 0.09 0 225
6 S“bzteSt 20.47 | 19~21 2.03 |2058| 19-21 1.92 |2071| 19-21 1.79 2 20.5
6 HSUPA S“bsteSt 21.15 | 20~22 1.35 | 21.49| 20~22 1.01 |21.35| 20~22 1.15 1 215
6 S“Zte“ 19.19 | 19~21 331 |19.38| 19-21 312 |19.31| 19-21 3.19 2 20.5
6 S“tge“ 2215 | 21~23 035 |2250| 21~23 0.00 |2239]| 21-23 0.11 0 225
8 S“blteSt 2240 | 21-~23 0.10 |2265| 21~23 -0.15 | 2258 | 21~23 -0.08 0 225
8 oo, | et 2241 | 2123 009 |[2264| 21~23 -0.14 |2255| 21~23 -0.05 o | 225
8 HSDPA S“bsteSt 22.41 | 20.5~22.5 | 0.09 |22.63|205-225| -0.13 |22.56|205~225| -0.06 05 | 220
8 S“Zte“ 22.42 | 20.5~225| 0.08 |22.62|205-225| -0.12 |22.54|205~225| -0.04 05 | 220
Table 9.3 Conducted Power Table for WCDMAS850
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3GPP
SEP 34.121 PCS Band [dBm]
Release Mode Subtest MPR | Target
Tolerenea Power THEEGE Power TlEERGE Power Target | Value
Version 9262 (dB) reduction 9400 (dB) reduction 9538 (dB) reduction
(dB) (dB) (dB)
12.2
99 | WCDMA | kbps | 22.81| 21~23 22.77| 21~23 2261 | 21~23 - 225
RMC
12.2
99 | WCDMA | kbps | 22.75| 21~23 22.73| 21~23 2258 | 21~23 - 225
AMR
Subtest
5 A 21.80 | 20~22 -0.30 | 21.73| 20~22 -0.23 | 21.65| 20~22 -0.15 0 215
5 S“bzteSt 21.76 | 20~22 -0.26 | 21.75| 20~22 -0.25 |21.62| 20~22 -0.12 0 215
HSDPA
5 S“bsteSt 21.34 | 19.5~215| 0.16 |21.26|19.5~21.5| 024 |21.12|195-215| 0.38 05 | 21.0
5 S“Zte“ 21.30 | 19.5~21.5| 020 |21.28|19.5~21.5| 022 |21.13|19.5~215| 0.37 05 | 21.0
6 S“blteSt 21.82 | 20~22 -0.32 | 21.67| 20~22 -0.17 | 21.04| 20~22 0.46 0 215
6 S“bzteSt 20.30 | 18~20 1.20 |2023| 18~20 1.27 |20.06| 18~20 1.44 2 19.5
6 HSUPA S“bsteSt 20.00 | 19~21 1.50 | 20.04| 19~21 1.46 | 2024 | 19~-21 1.26 1 20.5
6 S“t}eﬂ 20.78 | 18~20 0.72 |2068| 18~20 0.82 |2081| 18~20 0.69 2 19.5
6 S“tge“ 2157 | 20~22 -0.07 |21.49| 20~22 0.01 |[21.01| 20~22 0.49 0 215
8 S“blteSt 21.67 | 20~22 -0.17 | 21.72| 20~22 -0.22 | 2156 | 20~22 -0.06 0 215
8 oe. S“bzteSt 2153 | 20~22 -0.03 |21.73| 20~22 -0.23 | 2153 | 20~-22 -0.03 0 215
8 FISDPA | Subtest] 21,07 | 19.5~21.5 | 043 | 21.25|19.5~215| 0.25 |21.03|19.5~215| 0.47 05 | 21.0
8 S“Zte“ 21.07 | 19.5~21.5| 043 |21.25|19.5~215| 025 |21.05|19.5~21.5| 0.45 05 | 21.0
Table 9.4 Conducted Power Table for WCDMA1900
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3GPP
SEP 34.121 AWS Band [dBm]
Release Mode Subtest MPR | Target
Tolerenea Power THEEGE Power TlEERGE Power Target | Value
Version 1312 dB reduction 1412 dB reduction 1512 dB reduction
12.2
99 | WCDMA | kbps | 22.49 | 21-23 22.78 | 21~23 2282 | 21-23 . 225
RMC
12.2
99 | WCDMA | kbps | 22.49 | 21~23 22.79 | 21~23 22.84 | 21~23 . 225
AMR
Subtest
5 A 2150 | 20~22 1.00 |21.66| 20~22 0.84 |21.82| 20~22 0.68 0 215
5 S“bzteSt 21.45 | 20~22 1.05 |21.65| 20~22 0.85 |21.79| 20~22 0.71 0 215
HSDPA
5 S“bsteSt 20.98 | 19.5~21.5| 152 |21.19|19.5~21.5| 1.31 |21.33|19.5~215| 1.17 05 | 21.0
5 S“t;te“ 21.01 | 19.5~21.5| 1.49 |21.20|195~215| 1.30 |21.35]|19.5~21.5| 1.15 0.5 21.0
6 S“blteSt 21.32 | 20~22 1.18 | 21.69| 20~22 0.81 |21.82| 20~22 0.68 0 215
6 S“bzteSt 20.04 | 18~20 246 |2029| 18-20 221 |2064| 18~20 1.86 2 19.5
6 HSUPA S“bsteSt 20.51 | 19~21 1.99 |20.05| 19-21 245 |2085| 19-21 1.65 1 20.5
6 S“t;te“ 20.98 | 18~20 152 |20.72| 18~20 1.78 |20.85| 18~20 1.65 2 19.5
6 S“tge“ 21.47 | 20~22 1.03 | 2152 20-22 0.98 |[21.82| 20~22 0.68 0 215
8 S“blteSt 21.40 | 20~22 1.10 |21.56| 20~22 094 |21.70| 20~22 0.80 0 215
8 oo, | %% 2146 | 20-22 1.04 |2155| 20~22 0.95 |2161| 20~22 0.89 0o | 215
8 HSDPA Sublest | 21.07 | 19.5~21.5 | 143 |21.07 | 195-215| 143 |21.24|1905-215| 1.26 05 | 21.0
8 S“Zte“ 21.07 | 19.5~21.5| 1.43 |21.05|19.5~21.5| 1.45 |21.23|19.5~215| 1.27 05 | 21.0
Table 9.5 Conducted Power Table for WCDMA1700
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10. Justification of Held to Ear Modes Tested

An RF air interface technology of a device is exempt from testing when its average conducted power
plus its MIF is <17dBm for all of its operating modes.

See below for measured conducted power for applicable device modes..

10.1 Analysis of RF Air Interface Technologies

1. According to the April 2013 TCB workshop slides, WIFI and other OTT data services are
outside the current definition of a managed CMRS service and are currently not required to be
evaluated.

2. An analysis was performed, following the guidance of §4.3 and §4.4 of the ANSI standard, of
the RF air interface technologies being evaluated. The factors that will affect the RF
interference potential were evaluated, and the worst case operating modes were identified
and used in the evaluation. A WD’s interference potential is a function both WD’s average
near-field field air interface technologies that have low power have been found to produce
sufficiently low RF interference potential, so it is possible to exempt them from the product
testing specified in Clause 5 of the ANSI standard. An RF air interface technology of a device
is exempt from testing when its average antenna input power plus its MIF is <17dBm for all of
its operating modes.

The worst case MIF plus the worst case average antenna input power for all modes are

investigated below to determine the testing requirements for this device.

10.2 Evaluate Low Power Exemption

Air Interfaces Avgf':ggn;g‘wer ('\él II3F) (Pow-lo.—a?tfl MIF) F;rezsjiipg d
(dBm)
GSM850 23.86* 3.63 36.52 Y
GSM1900 21.19* 3.63 33.85 Y
WCDMA - RMC 22.81 -27.23 -4.42 N
WCDMA - AMR 22.75 -27.23 -4.48 N

Table 10-1 Evaluation for Low Power Exemptions
*Note: C63.19 Footnote 20 (Page.13) indicates the use of a long averaging time for measuring the
antenna input power when using this method of exclusion. Therefore, the frame averaged power was

calculated for these modes in this investigation.

10.3 Conclusion
Per ANSI C63.19-2011, RF-Emissions testing for this device is required only for GSM voice modes. All

other air interfaces are exempt.
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11. Test Results

11.1 Measurement Results (E-field)

E-FIELD EMISSIONS:

Ambient Conditions

Date 2015.06.09
Temperature in Lab(°C) 22.0
Humidity in Lab(%) 50
) ) . Audio
Conducted Time Time Modulation A Excl
Mode Channel S Power Avg.Field | Avg.Field | Interference I EEENE: Category FEE il F.CC Blocks
Center Lavel [dBV/m] Margin[dB]
[dBm] [VIm] [dBV/m] Factor per 5.5
[dBV/m]
E-field Emissions
GSM850 128 Acoustic 32.55 44.67 33.00 3.63 36.63 M4 40.0 3.37 None
GSM850 190 Acoustic 32.80 46.29 33.31 3.63 36.94 M4 40.0 3.06 None
GSM850 251 Acoustic 32.89 54.33 34.70 3.63 38.33 M4 40.0 1.67 None
GSM1900 512 Acoustic 30.22 21.88 26.80 3.63 30.43 M3 35.0 4.57 None
GSM1900 661 Acoustic 30.17 25.26 28.05 3.63 31.68 M3 35.0 3.32 None
GSM1900 810 Acoustic 29.81 21.98 26.84 3.63 30.47 M3 35.0 4.53 None
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11.2 Worst-case Configuration Evaluation

Ambient Conditions

Date 2015.06.09
Temperature in Lab(°C) 22.0
Humidity in Lab(%) 50

Peak Reading 360 degree Probe Rotation at Azimuth axis

) ) . Audio
Conducted Time Time Modulation A Excl
Mode Channel CScan Power Avg.Field | Avg.Field | Interference IETEEEE Category FEE il F.CC Blocks
enter Lavel [dBV/m] Margin[dB]
[dBm] [VIm] [dBV/m] Factor per 5.5
[dBV/m]
E-field Emissions
GSM1900 | 661 | Acoustic | 30.17 | 25.90 | 28.27 | 3.63 | 31.90 | M3 | 35.0 3.10 None
E(roll)
26 W/m £ 0.51 dB
100
a0
80
70
G0
E
B a0
40
30
20
10
0
0 50 100 150 200 250 300 390
Deg
Figure 11-1 Worst-Case Probe Rotation about Azimuth axis
Note: Location of probe rotation is shown in APPENDIX E
FCC ID:A3LSMJ500M Report Number: AM-049-M1 Page : 23/72
@ EUT Type: Portable Handset Issue Date : 2015.06.16
SAMSUNG Electronics CO. LTD




13. REFERENCES

[1] ANSI C63.19-2011, American National Standard for Methods of Measurement of Compatibility
between Wireless communication devices and Hearing Aids.", New York,NY, IEEE, June. 2011.

[2] FCC Office of Engineering and Technology KDB, “285076 D01 HAC Guidance v04”, October 31,
2013

[3] FCC Office of Engineering and Technology KDB, “285076 D02 T-coil Testing for CMRS IP v01r01”,
October 31, 2013

[4] FCC Public Notice DA 06-1215, Wireless Telecommunications Bureau and Office of Engineering
and Technology Clarify Use of Revised Wireless Phone Hearing Aid Compatibility Standard, June
6,2006

[5] Berger, H. S., "Compatibility Between Hearing Aids and Wireless Devices," Electronic Industries
Forum, Boston, MA, May, 1997

[6] Berger, H. S., "Hearing Aid and Cellular Phone Compatibility: Working Toward Solutions," Wireless
Telephones and Hearing Aids: New Challenges for Audiology, Gallaudet University, Washington, D.C.,
May, 1997 (To be reprinted in the American Journal of Audiology).

[7] Berger, H. S., "Hearing Aid Compatibility with Wireless Communications Devices," IEEE
International Symposium on Electromagnetic Compatibility, Austin, TX, August, 1997.

[8] Bronaugh, E. L, "Simplifying EMI Immunity (Susceptibility) Tests in TEM Cells," in the 1990 IEEE
International Symposium on Electromagnetic Compatibility Symposium Record, Washington, D.C.,
August 1990, pp. 488-491

[9] Byrne, D. and Dillon, H., The National Acoustics Laboratory (NAL) New Procedure for Selecting the
Gain and Frequency Response of a Hearing Aid, Ear and Hearing 7:257-265, 1986.

[10] Crawford, M. L, "Measurement of Electromagnetic Radiation from Electronic Equipment using
TEM Transmission Cells," U.S. Department of Commerce, National Bureau of Standards, NBSIR 73-
306, Feb. 1973.

[11] Crawford, M. L, and Workman, J. L, "Using a TEM Cell for EMC Measurements of Electronic
Equipment," U.S. Department of Commerce, National Bureau of Standards. Technical Note 1013, July
1981.

[12] EHIMA GSM Project, Development phase, Project Report (1st part) Revision A. Technical-
Audiological Laboratory and Telecom Denmark, October 1993.

[13] EHIMA GSM Project, Development phase, Part Il Project Report. Technical-Audiological
Laboratory and Telecom Denmark, June 1994.

[14] EHIMA GSM Project Final Report, Hearing Aids and GSM Mobile Telephones: Interference
Problems, Methods of Measurement and Levels of Immunity. Technical-Audiological Laboratory and
Telecom Denmark, 1995.

[15] HAMPIS Report, Comparison of Mobile phone electromagnetic near field with an upscaled
electromagnetic far field, using hearing aid as reference, 21 October 1999.

[16] Hearing Aids/GSM, Report from OTWIDAM, Technical-Audiological Laboratory and Telecom
Denmark, April 1993.
[17] EEE 100, The Authoritative Dictionary of IEEE Standards Terms, Seventh Edition.

FCC ID:A3LSMJ500M Report Number: AM-049-M1 Page : 24172

@ EUT Type: Portable Handset Issue Date : 2015.06.16

SAMSUNG Electronics CO. LTD




[18] Joyner, K. H, et. al., Interference to Hearing Aids by the New Digital Mobile Telephone System,
Global System for Mobile (GSM) Communication Standard, National Acoustic Laboratory, Australian
Hearing Series, Sydney 1993.

[19] Joyner, K. H., et. al., Interference to Hearing Aids by the Digital Mobile Telephone System, Global
System for Mobile Communications (GSM), NAL Report #131, National Acoustic Laboratory Australian
Hearing Series, Sydney, 1995.

[20] Keeker, W. T., Crawford, M. L., and Wilson, W. A., "Contruction of a Transverse Electromagnetic
Cell", U.S. Department of Commerce, National Bureau of Standards, Technical Note 1011, Nov. 1978.

[21] Konigstein, D., and Hansen, D., "A New Family of TEM Cells with enlarged bandwidth and
Optimized working Volume," in the Proceedings of the 7th International Symposium on EMC, Zurich,
Switzerland, March 1987; 50:9, pp. 127-132.

[22] Kuk, F., and Hjorstgaard, N. K., "Factors affecting interference from digital cellular telephones, "
Hearing Journal, 1997; 50:9, pp 32-34.

[23] Ma, M. A., and Kanda, M., "Electromagnetic Compatibility and Interference Metrology," U.S.
Department of Commerce, National Bureau of Standards, Technical Note 1099, July 1986, pp.17-43.

[24] Ma, M. A_, Sreenivashiah, I. , and Chang, D. C, "A Method of Determining the Emission and
Susceptibility Levels of Electrically Small Objects Using a TEM Cell," U.S. Department of Commerce,
National Bureau of Standards, Technial Note 1040, July 1981.

[25] McCandless, G. A., and Lyregaard, P. E., Prescription of Gain/Output (POGO) for Hearing Aids,
Hearing Instruments 1:16-21, 1983

[26] Skopec, M., "Hearing Aid Electromagnetic Interference from Digital Wireless Telephones,
"IEEE Transactions on Rehabilitation Engineering, vol. 6, no. 2, pp. 235-239, June 1998.

[27] Technical Report, GSM 05.90, GSM EMC Considerations, European Telecommunications
Standards Institute, January 1993.

[28] Victorian, T. A., "Digital Cellular Telephone Interference and Hearing Aid Compatibility—an
Update," Hearing Journal 1998; 51:10, pp. 53-60

[29] Wong, G. S. K., and Embleton, T. F. W., eds., AIP Handbook of Condenser Microphones: Theory,
Calibration and Measurements, AIP Press.

[30] CTIA Test Plan for HAC Rev 3.0,November 2013

FCC ID:A3LSMJ500M Report Number: AM-049-M1 Page : 25/72

@ EUT Type: Portable Handset Issue Date : 2015.06.16

SAMSUNG Electronics CO. LTD




APPENDIX A

Probe Modulation Factor
Measurement procedure

1. Modulated signal measurement: Connect the modulated signal with the correct frequency
via the cable to the dipole.

2. Run the multimeter in the procedure with the corresponding modulation setting in continuous
mode.

3. Adjust the signal amplitude to acheive the same field level display in the multimeter as during
the WD field scan. Read the multimeter display and note it together with the probe ID,
modulation type and frequency.

4. Read the peak envelope on the monitor in order to adjust the CW signal later to the same
level.

5. Switch the signal source off and verify that the ambient and instrumentation noise level is at
least 10dB lower.

6. CW measurement: Change the signal to CW at the same center frequency, without touching
or moving the dipole or probe in the setup.

7. Adjust the CW signal amplitude to the same peak level on the monitor.
8. Run the multimeter in the CW procedure in continuous mode.

9. Read the multimeter display and note it together with the probe 1D, modulation type and
frequency.

10. Calculate the Probe Modulation Factor as the ratio between the CW multimeter field reading and
the reading for the applicable modulation.

11. Perform the above setup and procedure for E-field and H-field probes.
Spectrum Analyzer setting.
1. Frequency Setting

ex) 835 MHz, 1880MHz, 2450 MHz
2. RBW/VBW/SPAN/Detector Setting.

CW GSM CDMA WCDMA AM 80%
RBW Same with 1 MHz 3MHz 5 MHz 1 MHz
modulated signal
VBW Same with 1 MHz 3 MHz 5 MHz 1 MHz
modulated signal
SPAN OMHz 0 MHz 0 MHz 0 MHz 0 MHz
DETECTOR Same with Peak Average Average Peak

modulated signal

3. Trigger: Video or IF trigger, adjusted to give a stable display of the transmission

4. Sweep rate: Sufficiently rapid to permit the transmit pulse to be resolved accurately.
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ANSI C63.19 (2011)- Telephone near-field categories.

APPENDIX B

Category

Telephone RF Parameters

<960MHz
Near Field E-Field Emissions
Category M1 50 to 55 dB (V/m)
Category M2 45 to 50 dB (V/m)
Category M3 4010 45 dB (V/m)
Category M4 <40 dB (V/m)
Telephone RF Parameters
CEUEEIR P o6OMHz
Near Field E-Field Emissions
Category M1 40to 45 dB (V/m)
Category M2 3510 40 dB (V/m)
Category M3 30to 35 dB (V/m)
Category M4 <30 dB (V/m)

Table B.1 Telephone near-field categories in dB units.
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APPENDIX C

The Validation Measurements
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DUT: CD835V3; Type: CD835V3; Serial: 1105

Communication System: UID 0, CW (0); Communication System Band: Exported from older format
(data unavailable - please correct).; Frequency: 835 MHz; MIF: 0 dB

Medium parameters used: 0 = 0 S/m, ¢, = 1; p = 1000 kg/m3

Phantom section: RF Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY Configuration:

Probe: ER3DV6 - SN2453; ConvF(1, 1, 1); Calibrated: 2015-05-08;
Sensor-Surface: Omm (Fix Surface), z = 9.7

Electronics: DAE4 Sn1241; Calibrated: 2015-01-21

Phantom: HAC Test Arch_2013_07_30; Type: SD HAC P01 BA; Serial: 1078
DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

835MHz E-Field Validation @ 100mW (2015.06.08)/E Scan 15mm above Dipole/Hearing Aid
Compatibility Test (41x361x1): Interpolated grid: dx=0.5000 mm, dy=0.5000 mm

Device Reference Point: 0, 0, -6.3 mm

Reference Value = 111.5 V/m; Power Drift = 0.03 dB

Applied MIF = 0.00 dB

Average value of Peak (interpolated) = 113.58 V/m

dB

-2.16
-4.32
-b.48
-6.64
-10.80

0 dB =115.1 V/m = 41.22 dBV/m
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DUT: CD1880V3; Type: CD1880V3; Serial: 1016

Communication System: UID 0, CW (0); Communication System Band: Exported from older format

(data unavailable - please correct).; Frequency: 1880 MHz; MIF: 0 dB

Medium parameters used: 0 = 0 S/m, ¢, = 1; p = 1000 kg/m3
Phantom section: RF Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY Configuration:

Probe: ER3DV6 - SN2453; ConvF(1, 1, 1); Calibrated: 2015-05-08;
Sensor-Surface: Omm (Fix Surface), z = 9.7

Electronics: DAE4 Sn1241; Calibrated: 2015-01-21
Phantom: HAC Test Arch_2013_07_30; Type: SD HAC P01 BA; Serial: 1078
DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

1880MHz E-Field Validation @ 100mW (2015.06.09)/E Scan 15mm above Dipole/Hearing Aid
Compatibility Test (41x181x1): Interpolated grid: dx=0.5000 mm, dy=0.5000 mm
Device Reference Point: 0, 0, -6.3 mm

Reference Value = 152.9 V/m; Power Drift = 0.03 dB

Applied MIF = 0.00 dB

Average value of Peak (interpolated) = 90.22 V/m

dB

-1.01
-2.02
-3.02
-4.03
-5.04

0 dB =91.46 V/m = 39.22 dBV/m
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APPENDIX D

Plots of The HAC Measurements
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E-field (GSM850_1900) -2011
DUT: SM-J500M/DS; Type: Mobile Phone; Serial: AM-049-A

Communication System: UID 10021 - DAB, GSM-FDD (TDMA, GMSK); Frequency: 824.2 MHz;Duty
Cycle: 1:8.6896

Medium parameters used: o = 0 S/m, er = 1; p = 1000 kg/m3
Phantom section: RF Section

DASY5 Configuration:

Probe: ER3DV6 - SN2453; ConvF(1, 1, 1); Calibrated: 2015-05-08;
Sensor-Surface: (Fix Surface)

Electronics: DAE4 Sn1241; Calibrated: 2015-01-21

Phantom: HAC Test Arch_2013_07_30; Type: SD HAC P01 BA; Serial: 1078
Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

GSM E-Field Test SM-J500M_DS (Job No_AM-049)/Ch.0128, Ant, Intenna, Bat. Standard/Hearing
Aid Compatibility Test (101x101x1): Interpolated grid: dx=0.5000 mm, dy=0.5000 mm

Device Reference Point: 0, 0, -6.3 mm

Reference Value = 51.78 V/m; Power Drift = -0.06 dB

Applied MIF = 3.63 dB

RF audio interference level = 36.63 dBV/m

Emission category: M4

MIF scaled E-field

Grid 1 M4 Grid 2 M4 Grid 3 M4
34.55 dBV/m|34.62 dBV/m|33.75 dBV/m
Grid 4 M4 Grid 5 M4 Grid 6 M4
34.94 dBV/m|34.95 dBV/m|33.72 dBV/m
Grid 7 M4 Grid 8 M4 Grid 9 M4
36.63 dBV/m|36.63 dBV/m|34.43 dBV/m

Cursor:

Total = 36.63 dBV/m

E Category: M4

Location: -8.5, -25, 8.7 mm
dB

0
-1.04

-2.08

-4.17

-5.21

0 dB =67.83 V/m = 36.63 dBV/m
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E-field (GSM850_1900) -2011
DUT: SM-J500M/DS; Type: Mobile Phone; Serial: AM-049-A

Communication System: UID 10021 - DAB, GSM-FDD (TDMA, GMSK); Frequency: 1880 MHz;Duty
Cycle: 1:8.6896

Medium parameters used: 0 = 0 S/m, er = 1; p = 1000 kg/m3

Phantom section: RF Section

DASY5 Configuration:

Probe: ER3DV6 - SN2453; ConvF(1, 1, 1); Calibrated: 2015-05-08;
Sensor-Surface: (Fix Surface)

Electronics: DAE4 Sn1241; Calibrated: 2015-01-21

Phantom: HAC Test Arch_2013_07_30; Type: SD HAC P01 BA, Serial: 1078
Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

GSM E-Field Test SM-J500M_DS (Job No_AM-049)/Ch.0661, Ant. Intenna, Bat. Standard/Hearing
Aid Compatibility Test (101x101x1): Interpolated grid: dx=0.5000 mm, dy=0.5000 mm

Device Reference Point: 0, 0, -6.3 mm

Reference Value = 24.11 V/m; Power Drift = 0.03 dB

Applied MIF = 3.63 dB

RF audio interference level = 31.68 dBV/m

Emission category: M3

MIF scaled E-field

Grid 1 M4 Grid 2 M4 Grid 3 M4
26.09 dBV/m|25.72 dBV/m|24.19 dBV/m
Grid 4 M4 Grid 5 M4 Grid 6 M4
29.88 dBV/m|29.88 dBV/m|27.12 dBV/m
Grid 7 M3 Grid 8 M3 Grid 9 M3
31.5dBV/m |31.68 dBV/m|30.73 dBV/m

Cursor:

Total = 31.68 dBV/m

E Category: M3

Location: -3.5, -25, 8.7 mm
dB
-3.06
-6.10

-9.16

-12.21

-15.26

0 dB =38.36 V/m = 31.68 dBV/m
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APPENDIX E

Probe Calibration(E-field)
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Calibration Laboratory of S,

; SN, S Schweizerischer Kalibrierdie

Schmid & Partner ;ﬁﬁ C Service suisse détalonnage

Engineering AG N Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Nt S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agr for the r ition of calib certificates

cient ~ SPEAG Replacement

Certificate No: ER3-2453_May15

|CALIBRATION CERTIFICATE

Object ER3DV6 - SN:2453

Callibration procedure(s) QA CAL-02.v8, QA CAL-25.v6
Calibration procedure for E-field probes optimized for close near field

evaluations in air

Calibration date:

May 8, 2015

This calibration certificate documents the traceability to national standards, which realize the physical units of measur (81).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D Cal Date (Certificate No.) Scheduled Calibration
Power meter E44198 GB41293874 01-Apr-15 (No. 217-02128) Mar-16
Power sensor E44124 MY 41498087 01-Apr-15 (No. 217-02128) Mar-16
Ref e 3 dB Attenuator SN: 55054 (3c) 01-Apr-15 (No. 217-02129) Mar-16
| Ref, 20 dB A . SN: 55277 (20x) 01-Apr-15 (No. 217-02132) Mar-16
Reference 30 dB Attenuator SN: 55129 (30b) 01-Apr-15 (No. 217-02133) Mar-16
Reference Probe ER3DVE SN: 2328 08-Oct-14 (No. ER3-2328_0ct14) Oct-15
DAE4 SN: 7898 16-Mar-15 (No. DAE4-TB9_Mar15) Mar-16
Secondary Standards D Check Dale {in house) Scheduled Check
RF generator HP 8648C US3642001700 4-Aug-99 (in house check Apr-13) In house check: Apr-16
Network Analyzer HP B753E US37390585 18-Oct-01 (in house check Oct-14) In house check: Oct-15
Name Function Signature
Calibrated by: Jeton Kastrati Laboratory Technician ca% C_,é/
Approved by: Katja Pokovic Technical Manager g/ ;

Issued: May B, 2015
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

NORMx,y,z sensitivity in free space

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal

A.B,C,D modulation dependent linearization parameters

Polarization o o rotation around probe axis

Polarization § 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 8 = 0 is normal to probe axis

Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

|EEE Std 1309-2005, * IEEE Standard for calibration of electromagnetic field sensors and probes, excluding
antennas, from 9 kHz to 40 GHz", December 2005

b) CTIA Test Plan for Hearing Aid Compatibility, April 2010.

Methods Applied and Interpretation of Parameters:

Centificate No: ER3-2453_May15 Page 2 of 25

NORMEx,y,z: Assessed for E-field polarization 8 = 0 for XY sensors and 8 = 90 for Z sensor (f < 900 MHz in
TEM-cell; f > 1800 MHz: R22 waveguide).

NORM(f)x,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart).

DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

Ax.y.z; Bx,y.z: Cx,y.z; Dx,y,z; VRx,y.z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

Spherical isotropy (3D deviation from isotropy): in a locally homogeneous field realized using an open
waveguide setup.

Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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Manufactured: ~ December 30, 2008
Calibrated: May 8, 2015
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system!)
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ER3DVE — SN:2453 May 8, 2015

DASY/EASY - Parameters of Probe: ER3DV6 - SN:2453

Basic Calibration Parameters

) Sensor X Sensor Y Sensor Z Unc (k=2)
| Norm (uV/(V/m)) _ 1.56 157 2.03 £10.1 %
[DCP (mV) 96.2 100.6 99.4
Sensor Model Parameters
c1 c2 a .l 52 T3 T4 T5 T6
fF fF v ms.V™? ms.V™* ms v v |
X 97.59 472.1 36.52 28.54 2.181 5.1 0 0726 | 1.021
Y 88.86 420.2 35.42 25.9 1411 5.1 0 06 | 1.013
Z 83.93 399.8 355 29.76 3.301 5.1 0.459 072 | 1.014

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

% Numerical linearization parameter: uncertainty not required
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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ER3DV6 — SN:2453 May 8, 2015
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM,0° =2500 MHz,R22,0°
Q 180= %
Tot < : ; Tat : : ;
Receiving Pattern (¢), 9 = 90°
=600 MHz, TEM,90° f=2500 MHz,R22,90°
© o
Tot : : ; Tat ).( \." ;
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ER3DVE — SN:2453 May 8, 2015

Receiving Pattern (¢), 3 = 0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

Receiving Pattern (¢), 9 = 90°
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Uncertainty of Axial Isotropy Assessment:  0.5% (k=2)
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Dynamic Range f(E-field)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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Deviation from Isotropy in Air
Error (¢, 9), f = 900 MHz
g
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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ER3DV6 - SN:2453

May 8, 2015

DASY/EASY - Parameters of Probe: ER3DV6 - SN:2453

Other Probe Parameters

Sensor Arrangement Rectangular |
Connector Angle (°) o 46.4
Mechanical Surface Detection Mode N enabled
' Optical Surface Detection Mode o ~ disabled |
Probe Overall Length B 337 mm
“Probe Body Diameter 10 mm
_ﬁp"Lenf_:jth o 10 mm
Tip Diameter 8 mm .
Probe Tip to Sensor X Calibration Point o 2.5mm
“Probe Tip to Sensor Y Calibration Point 25 mm
Probe Tip to Sensor Z Calibration Point 2.5mm
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ER3DV6 — SN:2453 May 8, 2015
Appendix: Modulation Calibration Parameters
uiD Communication System Name A B [ D VR Max
dB dBpV dB mv Unc®
(k=2)
0 cw X | 000 0.00 100 | 000 | 1554 | +4.6%
Y | 000 0.00 1.00 148.4
Z | 000 0.00 1.00 57.1
10010- | SAR Validation (Square, 100ms, 10ms) | X | 9.38 8239 | 2007 | 1000 | 300 | +96%
CAA
Y | 940 8277 | 19.36 30.0
Z | 912 80.79 | 20.13 30.0
10011- | UMTS-FDD (WCDMA) X | 125 67.18 | 1407 | 000 | 1500 | +9.6%
CAB
Y | 128 68.45 | 15.05 150.0
Z | 114 66.02 | 12.95 150.0
10012- | IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X | 154 66.45 | 1576 | 041 | 150.0 | *96%
CAB Mbps)
Y| 152 67.03 | 16.37 150.0
Z | 150 65.81 | 14.90 150.0
10013- | IEEE 802.11g WiFi 2.4 GHz (DSSS- X | 586 69.73 | 18.88 | 146 | 1500 | *96%
CAB OFDM, 6 Mbps)
Y | 574 69.72 | 18.86 150.0
Z | 581 69.69 | 18.55 150.0
10021- | GSM-FDD (TDMA, GMSK) X | 1360 | 8957 | 2416 | 939 | 500 | £96%
DAB
Y | 1893 | 9537 | 2529 50.0
Z | 1132 | 8531 | 23.31 50.0
10023- | GPRS-FDD (TDMA, GMSK, TN 0) X | 1343 | 89.28 | 2412 | 957 | 500 | £96%
DAB
Y | 1815 | 9462 | 25.10 50.0
Z | 1128 | 8513 | 23.30 50.0
10024- | GPRS-FDD (TDMA, GMSK, TN 0-1) X | 134 89.86 | 2275 | 656 | 600 | +*96%
DAB
Y | 2414 | 9872 | 24.85 60.0
Z | 985 84.23 | 21.32 60.0
10025- | EDGE-FDD (TDMA, 8PSK, TN 0) X | 10000 | 16397 | 59.99 | 1257 | 500 | *96%
DAB
Y | _100.00 | 165.77 | 60.38 50.0
Z | 2667 | 11573 | 44.01 50.0
10026- | EDGE-FDD (TDMA, 8PSK, TN 0-1) X | 4476 | 12765 | 4435 | 956 | 600 | £96%
DAB
Y | 100.00 | 151.09 | 51.01 60.0
Z | 2162 | 10523 | 36.38 60.0
10027- | GPRS-FDD (TDMA, GMSK, TN 0-1-2) X | 1348 | 90.71 | 2206 | 480 | 800 | *96%
DAB
Y | 3767 | 104.89 | 2559 80.0
Z | 859 8351 | 20.05 80.0
10028- | GPRS-FDD (TDMA, GMSK, TN 0-1-2-3) | X | 1291 9111 | 2144 | 355 | 1000 | £96%
DAB
Y | 7203 | 113.39 | 26.92 100.0
Z| 713 82.39 | 18.87 100.0
10029- | EDGE-FDD (TDMA, 8PSK, TN 0-1-2) X | 2715 | 11399 | 3884 | 7.80 | 800 | +96%
DAB
Y | 4086 | 126,08 | 42.69 80.0
Z | 1624 | 9854 | 32.88 80.0
10030- | IEEE 802.15.1 Bluetooth (GFSK, DH1) X | 1212 | 8851 | 2160 | 530 700 | t96%
CAA
Y | 2312 | 97.71 | 23.85 70.0
Z | 862 82.72 | 20.02 70.0
10031- | IEEE 802.15.1 Bluetooth (GFSK, DH3) X | 5.36 8272 | 1753 | 1.88 | 1000 | +96%
CAA
Y | 3050 | 103.28 | 23.04 100.0
Z | 528 75.70 | 15.09 100.0
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ER3DV6 — SN:2453 May 8, 2015
10032- | IEEE 802.15.1 Bluetooth (GFSK, DH5) X | 268 7790 | 1538 | 147 | 1000 | t96%
CAA

Y | 1529 | 98.03 | 21.23 100.0

Z| 174 72.08 | 13.04 100.0
10033- | IEEE 802.15.1 Bluetooth (PI/4-DQPSK, | X | 1234 | 9191 | 2553 | 530 | 700 | *96%
CAA DH1)

Y | 1868 | 100.19 | 28.00 70.0

Z | 882 8392 | 2232 70.0
10034- | IEEE 802.15.1 Bluelooth (PI/4-DQPSK, | X | 4.21 7821 | 1903 | 188 | 1000 | *96%
ChAA DH3)

Y | 489 8162 | 2032 100.0

Z | 312 7487 | 17.03 100.0
10035- | IEEE 802.15.1 Bluelooth (P/4-DQPSK, | X | 2.97 7446 | 17.21 | 147 | 1000 | *96%
CAA DH5)

Y | 324 76.89 | 18.24 100.0

Z | 273 7215 | 15.51 100.0
10036- | IEEE 802.15.1 Bluetooth (8-DPSK, DH1) | X | 13.12 | 93.07 | 2595 | 530 | 700 | *96%
CAA

Y | 2099 | 102.34 | 28.69 70.0

Z| 914 8461 | 2261 70.0
10037- | IEEE 802.15.1 Bluetooth (8-DPSK, DH3) | X | 4.23 7835 | 1904 | 1.88 | 1000 | t96%
CAA

Y | 494 8182 | 2035 100.0

Z | 371 7489 | 17.01 100.0
10038- | IEEE 802.15.1 Bluetooth (8-DPSK, DH5) | X | 3.02 7488 | 1744 | 117 | 1000 | t96%
CAA

Y | 333 77.47_| 1854 100.0

Z | 277 72.45 | 15.69 00.0
10039- | CDMA2000 (1xRTT, RC1) X | 183 6851 | 1420 | 000 | 1500 | *96%
CAB

Y | 186 69.81 | 14.88 150.0

Z | 163 6740 | 12.94 150.0
10042- | 1S-54 /15-136 FDD (TDMA/FDM, PI/4- X | 12.08 | 87.34 | 2197 | 7.78 | 500 | +96%
CAB DQPSK, Halfrate)

Y | 1673 | 9243 | 22.96 50.0

Z | 998 83.38 | 21.11 50.0
10044- | IS-O1/EIAITIA-553 FDD (FDMA, FM) X | 005 6140 | 678 | 000 | 1500 | t96%
CAA

Y | 003 6264 | 9.19 150.0

Z | 004 6547 | 043 150.0
10048- | DECT (TDD, TDMA/FDM, GFSK, Full X | 1740 | 9312 | 2741 | 1380 | 200 | *96%
CAA Slot, 24)

Y | 2550 | 10043 | 28.73 20.0

Z | 1245 | 8502 | 25.30 20.0
10049- | DECT (TDD, TDMA/FDM, GFSK, Double | X | 1291 | 8821 | 2420 | 10.79 | 400 | t96%
CAA Slot, 12)

Y | 1569 1.98 | 2463 40.0

Z | 1145 479 | 23.67 40.0
10056- | UMTS-TDD (TD-SCDMA, 1.28 Mcps) X | 1381 075 | 2614 | 903 | 500 | t96%
CAA

Y | 17.77 | 96.31 | 27.64 50.0

Z | 1157 | 8532 | 2411 50.0
10058- | EDGE-FDD (TDMA, 8PSK, TN0-1-2-3) | X | 1814 | 10424 | 3479 | 655 | 1000 | £96%
DAB

Y | 2225 | 110.73 | 37.10 100.0

Z | 1272 | 9355 | 30.30 100.0
10059- | IEEE 802.11b WiFi 2.4 GHz (DSSS, 2 X | 174 6851 | 16.72 | 061 | 1100 | t96%
CAB Mbps)

Y | 173 69.37 | 17.48 110.0

Z | 1.70 67.59 | 15.72 110.0
10060- | IEEE 802.11b WiFi 2.4 GHz (DSSS,55 | X | 442 8312 | 20.06 | 1.30 | 1100 | *96%
CAB Mbps)

Y | 936 9575 | 24.40 110.0

Z | 312 76.77 | 17.28 110.0
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10061- | IEEE 802.11b WiFi 2.4 GHz (DSSS, 11 | X | 594 8576 | 2305 | 204 | 1100 | £96%
CAB Mbps)

Y| 853 93.63 | 26.00 110.0

Z| 468 80.06 | 20.41 110.0
10062- | IEEE 802.11a/h WiFi 5 GHz (OFDM, 6 X | 555 69.23 | 1784 | 049 | 1000 | £96%
CAB Mbps)

Y | 546 69.31 | 17.98 100.0

Z | 544 69.09 | 17.58 100.0
10063- | IEEE 802.11a/h WiFi 5 GHz (OFDM, 9 X | 5860 6945 | 1812 | 072 | 1000 | +96%
CAB Mbps)

¥ | 551 69.52 | 18.15 00.0

Z | 551 69.33 | 17.77 100.0
10064- | IEEE 802.11a/h WiFi 5 GHz (OFDM, 12 | X | 6.03 70.03 | 1854 | 086 00.0 | £+96%
CAB Mbps)

Y | 592 70.07 | 18.56 100.0

Z | 591 69.88 | 18.18 100.0
10065- | IEEE 802.11a/h WiFi 5 GHz (OFDM, 18 | X | 5.90 70.05 | 1870 | 1.21 | 1000 | 96 %
CAB Mbps)

Y| 579 70.07 | 18.72 100.0

Z| 582 69.98 | 18.38 100.0
10066- | IEEE 802.11a/h WiFi 5 GHz (OFDM, 24 | X | 5.98 7030 | 19.02 | 146 | 1000 | £96%
CAB Mbps)

Y | 585 70.28 | 19.01 100.0

Z | 592 70.25 | 18.69 100.0
10067- | IEEE 802.11a/h WiFi 5 GHz (OFDM, 36 | X | 6.39 7085 | 19.79 | 2.04 | 100.0 | £96%
CAB Mbps)

Y | 6.23 7072 | 19.70 00.0

Z | 632 70.76 | 19.40 00.0
10068- | IEEE 802.11a/h WiFi 5 GHz (OFDM, 48 | X | 657 7139 | 2028 | 255 00.0 | *+96%
CAB Mbps)

Y | 639 7123 | 2018 100.0

Z | 654 7137 | 19.92 100.0
10069- | IEEE 802.11a/h WiFi 5 GHz (OFDM, 54 | X | 665 7135 | 2053 | 267 | 1000 | 96%
CAB Mbps)

Y | 647 71.20_| 2041 100.0

Z | 663 71.38 | 2017 100.0
10071- | IEEE 802.11g WiFi 2.4 GHz X | 602 70.09 938 | 199 | 100.0 | +9.6%
CAB (DSSS/OFDM, 9 Mbps)

Y | 589 70.03 | 19.33 100.0

Z | 6.00 7012 | 19.06 100.0
10072- | IEEE 802.11g WiFi 2.4 GHz X | &n 7070 | 1971 | 230 | 1000 | *96%
CAB (DSSS/OFDM, 12 Mbps)

Y | 597 70.64 | 19.67 100.0

Z | 612 70.80_ | 19.42 100.0
10073- | IEEE 802.11g WiFi 2.4 GHz X | 628 7125 | 2028 | 2583 | 1000 | 96 %
CAB (DSSS/OFDM, 18 Mbps)

Y | 611 7111 | 20.20 100.0

Z | 633 7140 | 20.00 100.0
10074- | IEEE 802.11g WiFi 2.4 GHz X | 633 7154 | 2071 | 330 | 1000 | 96%
CAB (DSSSIOFDM, 24 Mbps)

Y | 613 7131 | 20.58 100.0

Z | 642 7171 | 2040 100.0
10075- | IEEE B02.11g WiFi 2.4 GHz X | 659 7253 | 2152 | 382 | 900 | *96%
CAB (DSSS/OFDM, 36 Mbps)

Y | 635 7217 | 21.33 90.0

Z| 671 72.65 | 21.16 90.0
10076- | IEEE 802.11g WiFi 2.4 GHz X | 657 7234 | 2171 | 415 | 900 | z96%
cAB (DSSS/OFDM, 48 Mbps)

Y [ 631 71.92 | 21.47 90.0

Z | 672 7254 | 21.37 90.0
10077- | IEEE 802.11g WiFi 2.4 GHz X | 6.60 7244 | 2184 | 430 | 900 | *96%
CAB (DSSS/OFDM, 54 Mbps)

Y | 634 72.00 | 21.58 90.0

Z | 678 72.67 | 21.50 90.0
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ER3DV6 —~ SN:2453 May 8, 2015
10081- | CDMA2000 (1xRTT, RC3) X | 114 66.25 | 1257 | 0.00 | 150.0 | +96%
CAB

Y| 113 67.26 | 13.20 150.0

Z | 1.00 6517 | 11.26 150.0
10082- | 1S-54 /1S-136 FDD (TDMA/FDM, Pl/4- X | 349 69.22 | 1111 | 477 | 800 | +96%
CAB DQPSK, Fullrate)

Y | 3.09 68.38 | 10.16 80.0

Z | 383 69.57 | 11.76 80.0
10090- | GPRS-FDD (TDMA, GMSK, TN 0-4) X | 1332 | 8975 | 2274 | 656 | 600 | +96%
DAB

Y | 2375 | 9850 | 24.82 60.0

Z | 984 84.20 | 21.34 60.0
10097- | UMTS-FDD (HSDPA) X | 204 67.35 | 1505 | 0.00 | 1500 | +96%
CAB

Y | 205 68.08 | 15.58 150.0

z 93 66.69 | 14.25 150.0
10098- | UMTS-FDD (HSUPA, Subtest 2) X | 201 67.34 | 1501 | 0.00 | 1500 | *96%
CAB

Y | 201 68.08 | 15.55 150.0

Z | 190 66.66 | 14.20 150.0
10099- | EDGE-FDD (TDMA, 8PSK, TN 0-4) X | 4405 | 12718 | 4421 | 956 | 600 | *96%
DAB

Y | 100.00 | 151.07 | 51.01 60.0

Z | 2148 | 105.02 | 36.31 60.0
10100- | LTE-FDD (SC-FDMA, 100% RB, 20 X | 342 7007 | 1601 | 0.00 | 1500 | 9.6 %
CAB MHz, QPSK)

Y | 343 7073 | 16.48 150.0

Z | 324 69.40 | 1544 150.0
10101- | LTE-FDD (SC-FDMA, 100% RB, 20 X | 383 69.18 | 1641 | 0.00 | 1500 | +96%
CAB MHz, 16-QAM)

Y | 379 69.49 | 16.67 150.0

Z | 366 68.65 | 15.89 150.0
10102- | LTE-FDD (SC-FDMA, 100% RB, 20 X | 393 69.10 | 16.51 | 0.00 | 1500 | +9.6 %
CAB MHz, 64-QAM)

Y | 389 6940 | 16.75 150.0

zZ | 377 68.62 | 16.02 150.0
10103- | LTE-TDD (SC-FDMA, 100% RB, 20 X | 805 7662 | 20.53 | 3.98 | 650 | +9.6%
CAB MHz, QPSK)

Y | 802 77.54 | 20.98 65.0

Z | 721 7401 | 19.20 65.0
10104- | LTE-TDD (SC-FDMA, 100% RB, 20 X | 1086 | 8209 | 2404 | 398 | 650 | *96%
CAB MHz, 16-QAM)

Y | 1092 | 83.06 | 24.45 65.0

Z | 1032 | 8022 | 22.94 65.0
10105- | LTE-TDD (SC-FDMA, 100% RB, 20 X | 7.69 7460 | 2092 | 398 | 650 | +96%
CAB MHz, 64-QAM)

Y | 797 76.26 | 21.74 65.0

Z | 742 7315 | 19.93 65.0
10108- | LTE-FDD (SC-FDMA, 100% RB, 10 X | 3.15 69.84 | 16.06 | 0.00 | 1500 | *96%
CAC MHz, QPSK)

Y | 315 7053 | 16.56 150.0

Z | 29 69.12 | 1543 150.0
10109- | LTE-FDD (SC-FDMA, 100% RB, 10 X | 349 69.00 | 1632 | 0.00 | 1500 | +9.6%
CAC MHz, 16-QAM)

Y | 345 69.37 | 16.60 150.0

Z | 331 6842 | 15.73 150.0
10110- | LTE-FDD (SC-FDMA, 100% RB, 5 MHz, | X | 2.70 69.35 | 1590 | 0.00 | 1500 | +96%
CAC QPSK)

Y | 289 7009 | 16.43 150.0

Z | 249 68.50 | 15.13 150.0
10111- | LTE-FDD (SC-FDMA, 100% RB, 5 MHz, | X | 3.05 68.68 | 16.08 | 0.00 | 1500 | +9.6%
CAC 16-QAM)

Y | 302 69.18 | 16.42 150.0

Z | 287 6811 | 15.42 150.0
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10112- | LTE-FDD (SC-FDMA, 100% RB, 10 X | 361 68.91 | 1637 | 0.00 | 1500 | +96%
CAC MHz, 64-QAM)

Y | 357 69.26 | 16.63 150.0

Z | 344 68.40 | 15.82 150.0
10113- [ LTE-FDD (SC-FDMA, 100% RB, 5 MHz, | X | 3.22 68.80 | 1624 | 0.00 | 1500 | t96%
CAC 64-QAM)

Y | 318 69.27 | 16.56 150.0

Z | 304 68.27 | 15.60 150.0
10114- | IEEE 802.11n (HT Greenfield, 13.5 X | 546 67.51 | 1641 | 0.00 | 1500 | +9.6%
CAB Mbps, BPSK)

Y | 540 67.63 | 16.50 150.0

Z | 529 | 67.15 | 16.01 150.0
10115- | IEEE 802.11n (HT Greenfield, 81 Mbps, | X | 5.91 6807 | 1673 | 0.00 | 1500 | £9.6%
CAB 16-QAM)

Y | 582 6813 | 16.79 150.0

Z | 572 67.70 | 16.33 150.0
10116- | IEEE 802.11n (HT Greenfield, 135 Mbps, | X | 5.60 6779 | 1648 | 000 | 1500 | +96%
CAB 64-QAM)

Y | 5685 67.96 | 16.60 150.0

Z | 544 6748 | 16.11 150.0
10117- | IEEE 802.11n (HT Mixed, 13.5 Mbps, X | 547 6756 | 1645 | 0.00 | 150.0 | *96%
CAB BPSK)

Y | 541 67.69 | 16.56 150.0

Z | 530 67.18 | 16.04 150.0
10118- | IEEE 802.11n (HT Mixed, 81 Mbps, 16- | X | 5.93 68.03 | 1672 | 000 | 1500 | *96%
CAB QAM)

Y| 585 6813 | 16.79 150.0

Z | 574 67.71 | 16.34 150.0
10119- | IEEE 802.11n (HT Mixed, 135 Mbps, 64- | X | 5.61 67.87 | 1653 | 000 | 1500 | *9.6%
CAB QAM)

Y | 554 68.01 | 16.64 50.0

Z | 543 | 6750 | 16.13 50.0
10140- | LTE-FDD (SC-FDMA, 100% RB, 15 X | 398 69.09 | 1644 | 0.0 500 | t96%
CAB MHz, 16-QAM)

Y | 394 69.39 | 16.68 150.0

Z | 382 68.63 | 15.96 150.0
10141- | LTE-FDD (SC-FDMA, 100% RB, 15 X | 410 69.12 | 1659 | 0.00 | 1500 | 9.6 %
CAB MHz, 64-QAM)

Y | 406 69.41 | 16.82 150.0

Z | 30 68.69 | 16.13 150.0
10142- | LTE-FDD (SC-FDMA, 100% RB, 3 MHz, | X | 244 69.01 | 1556 | 0.00 | 150.0 | *9.6%
cAC QPSK)

Y | 243 69.81 | 16.08 150.0

Z | 223 6810 | 14.65 150.0
10143- | LTE-FDD (SC-FDMA, 100% RB, 3 MHz, | X | 284 68.67 | 1564 | 000 | 1500 | *96%
cAC 16-QAM)

Y | 281 69.26 | 15.98 150.0

Z | 2865 68.03 | 14.83 150.0
10144- | LTE-FDD (SC-FDMA, 100% RB, 3 MHz, | X | 2.83 68.04 | 1502 | 000 | 1500 | *96%
CAC 64-QAM)

Y | 279 6849 | 15.25 150.0

Z | 264 67.40 | 14.19 150.0
10145- | LTE-FDD (SC-FDMA, 100% RB, 1.4 X | 176 | 6712 | 1337 | 000 | 1500 | +9.6%
CAC MHz, QPSK)

Y72 67.71 | 13.61 150.0

Z | 156 66.00 | 12.01 150.0
10146- | LTE-FDD (SC-FDMA, 100% RB, 1.4 X | 337 7193 | 1622 | 000 | 1500 | +9.6%
CAC MHz, 16-QAM)

Y | 297 70.80 | 15.08 150.0

Z | 308 7020 | 14.16 150.0
10147- | LTE-FDD (SC-FDMA, 100% RB, 1.4 X | 354 7268 | 16.70 | 0.00 | 1500 | 9.6 %
CAC MHz, 64-QAM)

ol IR T 7156 | 15.58 150.0

Z| 323 70.86 | 14.60 150.0
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10149- | LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | X | 3.49 | 69.02 | 16.34 | 0.00 | 150.0 | £9.6 %
CAB 16-QAM)

Y 46| 6939 | 1662 150.0

z 32 | 6845 | 15.75 150.0
10150- | LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | X 61 68.93 | 16.39 | 0.00 | 1500 | %96 %
CAB 64-QAM)

Y | 357 69.28 | 16.66 150.0

Z | 344 6842 | 15.84 150.0
10151- | LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X | 9.78 8151 | 2267 | 398 | 650 | %96%
CAB QPSK)

Y | 1047 | 8326 | 23.39 65.0

Z | 935 7994 | 21.79 65.0
10152- | LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X | 10.20 | 8169 | 2361 | 398 | 650 | =96%
CAB 16-QAM)

Y | 1034 | 82.86 | 24.08 65.0

z 9.70 79.83 22.47 65.0
10153- | LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X | 1043 | 8206 | 2409 | 398 | 650 | *96%
CAB 64-QAM)

Y | 1057 | 8327 | 24.58 65.0

Z | 895 8025 | 2296 65.0
10154- | LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | X | 2.71 6949 | 1602 | 0.00 | 1500 | *96%
CAC QPSK)

Y | 271 7026 | 16.55 150.0

Z | 251 68.64 | 15.24 150.0
10155- | LTE-FDD (SC-FDMA, 50% RB, 10MHz, | X | 3.0 6868 | 1609 | 0.00 | 1500 | *96%
CAC 16-QAM)

Y | 302 69.18 | 16.43 150.0

Z | 288 6811 | 1542 150.0
10156- | LTE-FDD (SC-FDMA, 50% RB, 5 MHz, | X | 2.28 §9.00 | 1538 | 0.00 | 1500 | *96%
CAC QPSK)

Y | 227 69.86 | 15.92 150.0

Z | 206 67.96 | 14.35 150.0
10157- | LTE-FDD (SC-FDMA, 50% RB, 5 MHz, | X | 8.90 8711 | 2237 | 000 | 1500 | 96 %
CAC 16-QAM)

Y | 7.0 8412 | 21.34 150.0

Z 4.90 77.71 18.27 150.0
10158- | LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | X | 3.22 68.81 | 16.26 | 0.00 | 1500 | +9.6%
CAC 64-QAM)

Y | 318 69.28 | 16.57 150.0

Z | 304 6828 | 15.62 150.0
10159- | LTE-FDD (SC-FDMA, 50% RB, 5 MHz, | X | 2.67 6820 | 1496 | 0.00 | 1500 | +96%
CAC 64-QAM)

Y | 264 6877 | 15.24 150.0

Z | 247 6753 | 14.06 150.0
10160- | LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | X | 666.28 | 154.50 | 39.97 | 0.00 | 150.0 | +9.6%
CAB QPsK)

Y | 38324 | 147.46 | 38.85 150.0

Z | 6686 | 117.15 | 31.30 150.0
10161- | LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | X | 3.47 68.68 | 16.26 | 0.00 | 1500 | +9.6%
CAB 16-QAM)

Y | 343 69.05 | 16.53 150.0

Z | 331 68.19 | 15.69 150.0
10162- | LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | X | 357 6869 | 16.32 | 0.00 | 1500 | +9.6%
CAB 64-QAM)

Y | 354 69.07 | 1659 150.0

Z | 3a 6826 | 15.78 150.0
10166- | LTE-FDD (SC-FDMA, 50% RB, 1.4 MHz, | X | 4.80 7328 | 21.28 | 3.01 | 1500 | +896%
CAC QPSK)

Y | 450 72.83 | 20.86 150.0

Z | 474 73.28 | 2064 150.0
10167- | LTE-FDD (SC-FDMA, 50% RB, 14 MHz, | X | 6.24 7672 | 2185 | 301 | 1500 | *96%
CAC 16-QAM)

Y | 577 7613 | 21.46 150.0

Z | 636 77.07 | 21.40 150.0
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10168- [ LTE-FDD (SC-FDMA, 50% RB, 1.4 MHz, | X | 6.47 7752 | 2250 | 301 | 1500 | 296%
CAC 64-QAM)

Y | 601 77.04 | 22.07 150.0

Z | 667 7814 | 22.09 150.0
10169- | LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X | 494 76.92 | 2284 | 301 | 1500 | +96%
CAB QPSK)

Y | 439 7560 | 22.10 150.0

Z | as7 7631 | 21.82 150.0
10170- | LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X | 681 8194 | 2430 | 301 | 1500 | £96%
CAB 16-QAM)

Y | 601 80.74 | 2368 150.0

Z | 691 8151 | 23.35 150.0
10171- | LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X | 617 7955 | 2264 | 301 | 1500 | 296 %
AAB 64-QAM)

Y | 539 7819 | 21.89 150.0

Z | 613 78.69 | 2149 150.0
10172- | LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X | 3142 | 11225 | 3533 | 602 | 650 | +96%
CAB QPsK)

Y | 4196 | 119.38 | 37.06 65.0

Z | 1853 | 9859 | 30.10 65.0
10173- | LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X | 2399 | 10183 | 3048 | 602 | 650 | £96%
CAB 16-QAM)

Y | 30,70 | 107.58 | 31.87 65.0

Z | 1940 | 9569 | 27.75 65.0
10174- [ LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X | 2088 | 98.15 | 28.94 | 602 | 650 | *96%
CAB 64-QAM)

Y | 2572 | 103.02 | 30.07 65.0

Z | 1559 | 9084 | 2578 65.0
10175- | LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X | 628 8221 | 2511 | 301 | 1500 | +96%
CAC QPSK)

Y | 527 79.55 | 23.82 150.0

Z | 573 79.59 3.17 150.0
10176- | LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X | 679 | 8188 | 2428 | 301 | 1500 | +96%
CAC 16-QAM)

Y | 6.00 80.70 | 23.66 150.0

Z | 691 8148 | 23.34 150.0
10177- | LTE-FDD (SC-FDMA, 1 RB, 5 MHz, X | 492 7676 | 2271 | 301 | 1500 | £96%
CAE QPSK)

Y | 437 7544 | 21.96 150.0

Z | 485 76.15 | 21.68 150.0
10178- | LTE-FDD (SC-FDMA, 1RB,5MHz, 16- | X | 6.73 | 8169 | 24.19 | 301 | 1500 | 296 %
cAC QAM)

Y | 594 80.51 | 2357 150.0

Z | 684 8129 | 2325 150.0
10179- | LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X | 643 80.51 | 2329 | 301 | 1500 | +96%
CAC 64-QAM)

Y | 566 79.27 | 2261 150.0

Z | 646 7988 | 2225 150.0
10180- | LTE-FDD (SC-FDMA, 1 RB, 5 MHz, 64- | X | 6.16 7950 | 2260 | 3.01 | 1500 | 9.6 %
CAC QAM)

Y | 538 7815 | 21.85 150.0

Z | 612 7864 | 21.45 150.0
10181- | LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X | 492 7677 | 2271 | 301 | 1500 | *96%
CAB QPSK)

Y | 437 7545 | 21.97 150.0

Z | 485 7615 | 21.69 150.0
10182- | LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X | 672 8166 | 24.18 | 301 | 1500 | £96%
CAB 16-QAM)

Y | 593 8048 | 2356 150.0

Z | 683 81.27 | 23.24 150.0
10183- | LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X | 615 7947 | 2259 | 3.01 | 1500 | #96%
AAA 64-QAM)

Y | 5.8 7812 | 21.84 150.0

Z | 611 7862 | 21.44 150.0
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10184- | LTE-FDD (SC-FDMA, 1 RB, 3 MHz, X | 493 76.77 | 22.71 | 301 | 1500 | *96%
CAC QPSK)

Y | 438 7546 | 21.97 150.0

Z | 486 7617 | 21.69 150.0
10185- | LTE-FDD (SC-FDMA, 1RB,3MHz, 16- | X | 6.75 B1.72 | 2420 | 3.01 | 1500 | +96%
CAC QAM)

Y | 596 80.55 | 23.59 150.0

Z | 6.86 81.33 | 23.27 150.0
10186- | LTE-FDD (SC-FDMA, 1RB,3MHz, 64- | X | 6.18 7953 | 2262 | 301 | 1500 | +96%
AAC QAM)

Y | 540 7819 | 21.87 150.0

Z | 614 78.68 | 21.47 150.0
10187- | LTE-FDD (SC-FDMA, 1 RB, 1.4 MHz, X | 531 7847 | 2352 | 301 | 1500 | *96%
CAC QPSK)

Y | 465 76.81 | 22.63 150.0

Z | 514 77.36 | 22.26 150.0
10188- | LTE-FDD (SC-FDMA, 1 RB, 1.4 MHz, X | 687 8212 | 2443 | 301 | 1500 | +t96%
CAC 16-QAM)

Y | 6.08 80.97 | 23.83 150.0

Z | 7.00 81.77 | 23.51 150.0
10189- | LTE-FDD (SC-FDMA, 1 RB, 1.4 MHz, X | 626 7980 | 2279 | 3.01 | 1500 | +96%
AAC 64-QAM)

Y | 548 7847 | 22.05 150.0

Z | 622 78.97 | 21.66 150.0
10193- | IEEE 802.11n (HT Greenfield, 6.5 Mbps, | X | 5.28 68.77 | 17.30 | 000 | 1500 | +96%
CAB BPSK)

Y | 5.21 68.90 7.37 50.0

Z | 513 68.52 6.90 50.0
10194- | IEEE 802.11n (HT Greenfield, 39 Mbps, | X | 5.52 69.19 743 | 000 | 1500 | *96%
CAB 16-QAM)

Y | 544 69.32 | 17.52 50.0

Z | 535 68.93 | 17.05 50.0
10195- | IEEE 802.11n (HT Greenfield, 5 Mbps, | X | 5.55 69.17 | 1742 | 0.0 500 | £96%
CAB 64-QAM)

Y | 548 69.31 | 17.51 50.0

Z | 539 68.93 | 17.06 50.0
10196- | IEEE 802.11n (HT Mixed, 6.5 Mbps, X | 5.32 68.92 | 17.36 | 0.00 500 | +96%
CAB BPSK)

Y | 524 69.05 | 17.43 150.0

Z | 516 68.65 | 16.95 150.0
10197- | IEEE 802.11n (HT Mixed, 39 Mbps, 16- | X | 5.53 6919 | 1743 | 000 | 1500 | t96%
CAB QAM)

Y | 546 69.33 | 17.52 150.0

Z | 537 68.94 | 17.06 150.0
10198- | IEEE 802.11n (HT Mixed, 65 Mbps, 64- | X | 5.56 6919 | 1744 | 000 | 1500 | *96%
CAB QAM)

Y | 549 69.33 | 17.53 150.0

Z | 540 68.95 | 17.07 150.0
10219- | IEEE 802.11n (HT Mixed, 7.2 Mbps, X | 527 6892 | 17.31 | 0.00 | 1500 | +96%
CAB BPSK)

Y | 519 69.06 | 17.39 150.0

Z | 510 68.65 | 16.90 150.0
10220- | IEEE 802.11n (HT Mixed, 43.3 Mbps, 16- | X | 5.54 6924 | 1746 | 000 | 1500 | +96%
CAB QAM)

Y | 547 69.37 | 17.55 150.0

Z | 538 68.98 | 17.08 150.0
10221- | IEEE 802.11n (HT Mixed, 72.2 Mbps, 64- | X | 557 69.17 | 1746 | 000 | 150.0 | *96%
CAB QAM)

Y| 550 69.30 | 17.54 150.0

Z | 541 68.92 | 17.08 150.0
10222- | IEEE 802.11n (HT Mixed, 15 Mbps, X | 546 6758 | 1645 | 0.00 | 1500 | +96%
CAB BPSK)

Y | 539 67.71 | 16.56 150.0

Z | 528 6719 | 16.04 150.0
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10223- | IEEE 802.11n (HT Mixed, 90 Mbps, 16- | X | 5.89 68.11 | 16.78 | 0.00 | 1500 | £9.6 %
CAB QAM)

Y | 585 68.34 | 16.93 150.0

Z | 671 67.80 | 16.41 150.0
10224- | IEEE 802.11n (HT Mixed, 150 Mbps, 64- | X | 5.49 6762 | 1639 | 0.00 | 1500 | 9.6 %
CAB QAM)

Y | 543 67.74 | 16.49 150.0

Z | 531 67.23 | 15.98 150.0
10225- | UMTS-FDD (HSPA¥) X | 335 6769 | 1609 | 0.00 | 150.0 | *96%
CAB

Y | 330 67.98 | 16.28 150.0

Z | 320 67.29 | 1549 150.0
10226- | LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, X | 2431 | 10214 | 3064 | 602 | 650 | *96%
CAA 16-QAM)

Y | 3136 | 108.09 | 32.09 65.0

Z | 1968 | 96.01 | 27.92 65.0
10227- | LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, X | 2094 | 9817 | 2896 | 602 | 650 | :96%
CAA 64-QAM)

Y | 2482 | 10232 | 29.88 65.0

Z | 17.88 | 9335 | 26.67 65.0
10228- | LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, X | 3279 | 11353 | 3576 | 6.02 | 650 | £9.6%
CAA QPSK)

Y | 5157 | 124.28 | 38.53 65.0

Z | 2252 | 10290 | 31.55 65.0
10229- | LTE-TDD (SC-FDMA, 1RB,3MHz, 16- | X | 23.82 | 101.66 | 3043 | 602 | 65.0 | 9.6 %
CAB QAM)

Y | 3040 | 107.37 | 31.81 65.0

Z | 19.35 | 9562 | 27.74 65.0
10230- | LTE-TDD (SC-FDMA, 1RB,3MHz, 64- | X | 2060 | 97.82 | 2880 | 602 | 650 | +96%
CAB QAM)

Y | 2424 | 101.82 | 29.67 65.0

Z | 1762 | 93.05 | 26.52 65.0
10231- | LTE-TDD (SC-FDMA, 1 RB, 3 MHz, X | 3199 | 11293 | 3553 | 602 | 650 | *96%
CAB QPSK)

Y | 4952 | 123.32 | 38.20 65.0

Z | 2203 | 10240 | 3134 65.0
10232- | LTE-TDD (SC-FDMA, 1RB,5MHz, 16- | X | 2384 | 10169 | 3044 | 602 | 650 | +96%
CAB QAM)

Y | 3042 | 107.40 | 31.82 65.0

Z | 1935 | 9563 | 27.74 65.0
10233- | LTE-TDD (SC-FDMA, 1RB, 5 MHz, 64- | X | 2063 | 97.86 | 28.82 | 602 | 650 | +96%
CAB QAM)

Y | 2429 | 101.88 | 29.69 65.0

Z | 1763 | 9307 | 26.53 65.0
10234- | LTE-TDD (SC-FDMA, 1 RB, 5 MHz, X | 3118 | 11224 | 3524 | 6.02 | 650 | *96%
CAB QPSK)

Y | 4738 | 12219 | 37.80 65.0

Z | 2157 | 101.86 | 31.09 65.0
10235- | LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X | 2399 | 10182 | 3048 | 602 | 650 | t96%
CAB 16-QAM)

Y | 3069 | 107.58 | 31.88 65.0

Z | 1941 | 9570 | 27.76 65.0
10236- | LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X | 2077 | 9796 | 2884 | 602 | 650 | *96%
CAB 64-QAM)

Y | 2451 | 102.01 | 29.72 65.0

Z | 17.72 | 9314 | 26.54 65.0
10237- | LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X | 3257 | 11333 | 3564 | 602 | 650 | *96%
CAB QPSK)

Y | 5003 | 12393 | 38.37 65.0

Z | 2225 | 10262 | 31.40 65.0
10238- | LTE-TDD (SC-FDMA, 1 RB, 15 MHz, X | 2388 | 10173 | 3045 | 602 | 650 | *t96%
CAB 16-QAM)

Y | 3050 [ 107.46 | 31.84 65.0

Z | 1936 | 9565 | 27.74 65.0
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10239- [ LTE-TDD (SC-FDMA, 1 RB, 15 MHz, X | 20868 | 9792 | 2884 | 602 | 650 | +96%
CAB 64-QAM)

Y | 2438 | 101.96 | 29.72 65.0

Z | 1765 | 9311 | 2654 65.0
10240- | LTE-TDD (SC-FDMA, 1 RB, 15 MHz, X | 3227 [ 11315 | 3559 | 6.02 | 650 | +96%
CAB QPSK)

Y | 5024 | 12366 | 38.29 65.0

Z | 2212 | 10251 | 31.37 65.0
10241- | LTE-TDD (SC-FDMA, 50% RB, 14 MHz, | X | 1758 | 9583 | 31.95 | 688 | 650 | £96%
CAA 16-QAM)

Y | 1715 | 96.25 | 3182 65.0

Z | 17.07 | 93.35 | 30.10 65.0
10242- | LTE-TDD (SC-FDMA, 50% RB, 14 MHz, | X | 14.08 | 90.14 | 29.62 | 698 | 650 | 96 %
CAA 64-QAM)

Y | 1432 )1.74__ | 30.02 65.0

Z | 1159 415 | 26.31 65.0
10243- | LTE-TDD (SC-FDMA, 50% RB, 1.4 MHz, | X | 1213 | 8923 | 30.35 | 698 | 650 | £96%
CAA QPSK)

Y | 1238 | 91.02 | 30.89 65.0

Z | 1122 | 8566 | 27.90 65.0
10244- | LTE-TDD (SC-FDMA, 50% RB, 3MHz, | X | 11.38 | 8446 | 23.44 | 398 | 650 | £96%
CAB 16-QAM)

Y | 1089 | 8415 | 22.78 65.0

Z | 1054 | 8157 | 2151 65.0
10245- | LTE-TDD (SC-FDMA, 50% RB.3MHz, | X | 11.34 | 8416 | 2329 | 398 | 650 | £96%
CAB 64-QAM)

Y | 1083 | 8382 | 2262 65.0

Z | 1056 | 8142 | 21.42 65.0
10246- | LTE-TDD (SC-FDMA, 50% RB, 3MHz, | X | 9.38 8313 | 2223 | 398 | 650 | +96%
CAB QPSK)

Y | 10.16 | 8546 | 22.93 65.0

Z | 830 79.92 | 2053 65.0
10247- | LTE-TDD (SC-FDMA, 50% RB,5MHz, | X | 9.37 | B147 | 22.36 | 398 | 650 | £96%
CAB 16-QAM)

Y | 952 8262 | 22.65 65.0

Z | 867 79.03 | 20.86 65.0
10248- | LTE-TDD (SC-FDMA, 60% RB, 5 MHz, | X | 9.53 8137 | 2234 | 398 | 650 | £96%
CAB 64-QAM)

Y | 964 8243 | 22.60 65.0

Z | 886 79.04 | 20.89 65.0
10249- | LTE-TDD (SC-FDMA, 50% RB, 5 MHz, | X | 9.83 8392 | 2302 | 398 | 650 | :96%
CAB QPSK)

Y | 1083 | 8672 | 2398 65.0

Z | 8.80 80.94 | 2148 65.0
10250- | LTE-TDD (SC-FDMA, 50% RB, 10MHz, | X | 10.11 | 8296 | 2405 | 3.98 | 650 | 296 %
CAB 16-QAM)

Y | 1042 | 8456 | 24.66 65.0

Z | 946 80.66 | 22.69 65.0
10251- | LTE-TDD (SC-FDMA, 50% RB, 10 MHz, | X | 9.95 8173 | 2342 | 398 | 650 | *96%
CAB 64-QAM)

Y | 1011 | 8296 | 2385 65.0

Z | 943 79.77 | 22.16 65.0
10252- [ LTE-TDD (SC-FDMA, 50% RB, 10 MHz, | X | 9.97 8349 | 2342 | 398 | 650 | *96%
CAB QPSK)

Y | 1079 | 86.08 | 24.42 65.0

Z | 925 81.20 | 22.21 65.0
10253- [ LTE-TDD (SC-FDMA, 50% RB, 15MHz, | X | 10.01 | 8133 | 2357 | 398 | 650 | 96 %
CAB 16-QAM)

Y | 1008 | 8237 | 23.98 65.0

Z | 954 79.48 | 2239 65.0
10254- [ LTE-TDD (SC-FDMA, 50% RB, 15 MHz, | X | 1029 | 8179 | 24.04 | 3.98 | 650 | £96%
CAB 64-QAM)

Y | 1039 | 8289 | 2447 65.0

Z | 984 79.98 | 22.87 65.0
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10255- | LTE-TDD (SC-FDMA, 50% RB, 1I5MHz, | X | 9.81 8193 [ 2312 | 398 | 650 | *96%
CAB QPSK)

Y | 1020 | 8370 | 2385 65.0
Z | 932 80.14 | 22.11 65.0
10256- | LTE-TDD (SC-FDMA, 100% RB, 1.4 X | 10.80 | 8330 | 2232 | 398 | 650 | £96%
CAA MHz, 16-QAM)
Y | 1008 | 8247 | 21.37 65.0
Z | 984 8012 | 20.25 65.0
10257- | LTE-TDD (SC-FDMA, 100% RB, 1.4 X | 1091 | 8313 | 2220 | 398 | 650 | +96%
CAA MHz, 64-QAM)
Y | 1013 | 822 21.20 65.0
Z ] 99 80.03 | 20.16 65.0
10258- | LTE-TDD (SC-FDMA, 100% RB, 1.4 X | 903 8232 | 2145 | 3.98 | 650 | *96%
CAA MHz, QPSK)
Y | 947 83.93 | 21.80 65.0
Z | 787 78.82 9.59 65.0
10259- | LTE-TDD (SC-FDMA, 100% RB, 3 MHz, | X | 9.66 8195 | 2294 | 398 | 650 | *96%
CAB 16-QAM)
Y | o988 83.29 | 23.35 65.0
Z | 902 7966 | 21.63 65.0
10260- | LTE-TDD (SC-FDMA, 100% RB, 3 MHz, | X | 9.77 8192 | 2297 | 398 | 650 | *96%
CAB 64-QAM)
Y | 995 8316 | 23.34 65.0
Z | 913 7965 | 21.56 65.0
10261- | LTE-TDD (SC-FDMA, 100% RB, 3 MHz, | X | 9.84 8377 | 23.26 | 398 | 650 | *96%
CAB QPSK)
Y | 1073 | 8643 | 24.22 65.0
Z | 893 81.00 | 21.80 65.0
10262- | LTE-TDD (SC-FDMA, 100% RB,5MHz, | X | 10.12 | 8296 | 2403 | 398 | 650 | +96%
CAB 16-QAM)
. Y | 1043 | 8456 | 24.64 65.0
[ Z | 946 80.66 | 22.67 65.0
10263- | LTE-TDD (SC-FDMA, 100% RB, 5 MHz, | X | .97 8178 | 2344 | 398 | 650 | *96%
CAB | 84-0AM)
Y | 1013 | 83.00 | 23.87 65.0
Z | 044 7979 | 22.18 65.0
10264- | LTE-TDD (SC-FDMA, 100% RB, 5 MHz, | X | 9.96 8346 | 2339 | 398 | 650 | *96%
CAB QPSK)
| Y | 1078 | 86.04 | 24.39 65.0
Z | 923 8117 | 22.18 65.0
10265- | LTE-TDD (SC-FDMA, 100% RB, 10 X | 1020 | 8169 | 2361 | 398 | 650 | +96%
CAB | MHz, 16-QAM)
Y | 1033 | 8286 | 24.08 65.0
Z | 970 7983 | 2248 65.0
10266- | LTE-TDD (SC-FDMA, 100% RB, 10 X | 1043 | 8206 | 24.08 | 398 | 650 | *96%
CAB MHz, 64-QAM)
Y | 1057 | 83.27 | 24.58 65.0
Z | 995 80.25 | 22.96 65.0
10267- | LTE-TDD (SC-FDMA, 100% RB, 10 X | 978 8151 | 2267 | 398 | 650 | +t96%
CAB MHz, QPSK)
Y | 1017 | 8324 | 23.38 65.0
Z | 935 | 7993 | 21.79 65.0
10268- | LTE-TDD (SC-FDMA, 100% RB, 15 X | 1056 | 8104 | 2377 | 398 | 650 | *96%
CAB MHz, 16-QAM)
Y | 1059 | 81.97 | 24.16 65.0
Z | 1021 | 7958 | 22.82 65.0
10269- | LTE-TDD (SC-FDMA, 100% RB, 15 X | 1051 | 8083 | 2381 | 398 | 650 | *96%
CAB MHz, 64-QAM)
Y | 1051 | 8167 | 24.16 65.0
Z | 1018 | 7938 | 2284 65.0
10270- | LTE-TDD (SC-FDMA, 100% RB, 15 X | 983 | 8023 | 2243 | 398 | 650 | t96%
CAB MHz, QPSK)
Y | 997 B1.38 | 2292 65.0
Z | 956 79.01 | 21.69 65.0
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10274- | UMTS-FDD (HSUPA, Subtest5,3GPP | X | 296 6728 | 1551 | 0.00 | 1500 | *9.6%
CAB Rel8.10)

Y | 294 67.69 | 15.78 150.0

Z | 285 66.04 | 14.94 150.0
10275- | UMTS-FDD (HSUPA, Subtest5, 3GPP | X | 1.88 67.86 | 14.85 | 0.00 | 1500 | £96%
CAB Rel8.4)

Y | 190 68.76 | 15.52 150.0

Z | 175 66.96 | 13.95 150.0
10277- | PHS (QPSK) X | 7.61 7548 | 1673 | 9.03 | 50.0 | *96%
CAA

Y| 678 74.03 5.22 50.0

Z | 815 75.53 7.19 50.0
10278- | PHS (QPSK, BW 884MHz, Rolloff 0.5) X | 1175 | 86.03 | 2347 | 903 | 500 | £96%
CAA

Y | 1237 | 8749 | 23.38 50.0

Z | 1029 | 8176 | 21.82 50.0
10279- | PHS (QPSK, BW 884MHz, Rolloff0.38) | X | 12.05 | 86.37 | 23.61 | 9.03 | 500 | +956 %
CAA

Y | 1271 | B87.86 | 2354 50.0

Z | 1048 | 8202 | 21.93 50.0
10290- | CDMA2000, RC1, SOS55, Full Rate % %72 67.71 | 1364 | 0.00 | 150.0 | £9.6%
AAB

Y | 174 68.81 | 14.20 150.0

P 66.74 | 12.42 150.0
10291- | CDMAZ2000, RC3, SO55, Full Rate X [ 112 66.09 | 1248 | 000 | 1500 | t96%
AAB

b B 67.08 | 13.10 150.0

Z | 099 65.06 | 11.19 150.0
10292- | CDMA2000, RC3, SO32, Full Rate X | 113 66.77 | 13.08 | 0.00 | 1500 | t96%
AAB |

Y | 1145 68.13 | 13.93 150.0

Z | 099 65.56 | 11.67 50.0
10293- | CDMA2000, RC3, SO3, Full Rate X | 1.2 6756 | 1381 | 0.00 | 1500 | t96%
AAB

Y 25 69.25 | 14.85 150.0

Z | 106 6619 | 12.33 150.0
10295- | CDMA2000, RC1, SO3, 1/8th Rate 25 fr. | X | 649.02 | 170.97 | 48.80 | 9.03 | 500 | *96%
AAB

Y | 1014.63 | 176.65 | 48.93 50.0

Z | 89.95 | 127.98 | 38.38 50.0
10297- | LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | X | 3.15 69.67 | 16.09 | 0.00 | 1500 | *96%
AAA QPSK)

Y | 316 7056 | 16.59 150.0

Z | 296 69.15_| 15.46 150.0
10298- | LTE-FDD (SC-FDMA, 50% RB, 3MHz, | X | 201 68.13 | 1439 | 000 | 1500 | *96%
AAB QPsK)

Y | 199 68.94 | 14.83 150.0

Z | 179 67.06 | 13.20 150.0
10299- | LTE-FDD (SC-FDMA, 50% RB, 3MHz, | X | 3.70 7264 | 17.08 | 000 | 1500 | *96%
AAB 16-QAM)

Y | 334 7185 | 16.22 150.0

Z | 350 7145 | 15.41 150.0
10300- | LTE-FDD (SC-FDMA, 50% RB, 3MHz, | X | 3.52 7113 | 1582 | 0.00 | 1500 | £96%
AAB 64-QAM)

Y | 3.14 7017 | 14.84 150.0

Z | 328 69.89 | 14.13 150.0
10301- | IEEE 802.16e WIMAX (29:18, 5ms, X | 585 6852 | 1920 | 417 | 80.0 | *96%
AAA 10MHz, QPSK, PUSC)

Y | 562 67.69 | 18.63 80.0

Z | 593 68.43 | 18.62 80.0
10302- | IEEE 802.16e WiMAX (29:18, 5ms, X | 877 70.38 | 2067 | 496 | 800 | *96%
AAMA 10MHz, QPSK, PUSC, 3 CTRL symbols)

Y | 649 69.92 | 20.38 80.0

Z | 7.0 71.35 | 20.68 80.0
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10303- |IEEE B02.16e WIMAX (31:15, 5ms, X 6.58 70.36 20.69 4.96 80.0 +9.6 %
AAA 10MHz, 64QAM, PUSC)

Y 6.28 69.84 20.37 80.0

Z 6.88 71.51 20.76 80.0
10304- IEEE 802.16e WIiMAX (29:18, 5ms, X 6.21 69.56 19.73 417 80.0 96 %
AAA 10MHz, 64QAM, PUSC)

Y. 5.95 69.18 19.50 80.0

Z 6.42 70.45 19.71 80.0
10305- |EEE 802.16e WiMAX (31:15, 10ms, X 7.33 77.16 24.84 6.02 50.0 +9.6%
AAA 10MHz, 64QAM, PUSC, 15 symbols)

Y 6.51 75.00 23.7 50.0

Z 745 75.90 23.0: 50.0
10306- IEEE 802.16e WIMAX (29:18, 10ms, X 12 74.56 23.8 6.02 50.0 +9.6 %
AAA 10MHz, 64QAM, PUSC, 18 symbols)

Y 6.52 72.95 22.90 50.0

z 7.28 74.05 22.56 50.0
10307- |EEE 802.16e WiMAX (29:18, 10ms, X 7.12 74.98 23.81 6.02 50.0 +9.6 %
AAA 10MHz, QPSK, PUSC, 18 symbols)

Y 6.49 73.32 22.89 50.0

2 7.27 74.34 22.47 50.0
10308- IEEE 802.16e WiMAX (29:18, 10ms, X 712 75.24 23.93 6.02 50.0 +96%
AAA 10MHz, 16QAM, PUSC)

Y 6.46 73.51 22.99 50.0

z 727 74.53 22.55 50.0
10309- |IEEE 802.16e WIMAX (29:18, 10ms, X 7.23 74.79 23.94 6.02 50.0 +96 %
AAA 10MHz, 16QAM, AMC 2x3, 18 symbols)

X 6.63 73.25 23.06 50.0

Z 7.39 74.32 22.71 50.0
10310- IEEE 802.16e WiMAX (29:18, 10ms, X 7.07 74.60 23.73 6.02 50.0 +96%
AAA 10MHz, QPSK, AMC 2x3, 18 symbols)

Y 6.46 72.97 22.82 50.0

z 7.24 74.06 22.45 50.0
10311- LTE-FDD (SC-FDMA, 100% RB, 15 X 347 69.03 15.72 0.00 150.0 +9.6 %
AAA MHz, QPSK)

i 3.47 69.63 16.16 150.0

Z 3.28 68.37 15.16 150.0
10313- iDEN 1:3 X 9.20 82.55 20.40 6.99 70.0 +9.6 %
AAA

¥ 10.25 84.89 20.95 70.0

Z 8.19 79.42 19.26 70.0
10314- IDEN 1:6 X 12.40 90.26 25.64 10.00 30.0 +9.6 %
AAA

Y 17.85 97.88 27.89 30.0

y4 9.17 82.66 22.79 30.0
10315- IEEE B02.11b WiFi 2.4 GHz (DSSS, 1 X 1.36 65.63 5.20 0.17 150.0 +9.6 %
AAB Mbps, 96pc duty cycle)

Y 1.35 66.20 15.84 150.0

& 1.32 65.03 14.36 150.0
10316- IEEE 802.11g WiFi 2.4 GHz (ERP- X 542 69.11 17.60 017 150.0 +£96 %
AAB OFDM, 6 Mbps, 96pc duty cycle)

Y 5.34 69.22 17.67 150.0

Z 5.30 68.94 17.24 150.0
10317- |EEE 802.11a WiFi 5 GHz (OFDM, 6 X 542 69.11 17.60 0.17 150.0 +96%
AAB Mbps, 96pc duty cycle)

Y 5.34 69.22 17.67 150.0

£ 5.30 68.94 17.24 150.0
10400- |IEEE 802.11ac WiFi (20MHz, 64-QAM, X 5.08 67.22 16.21 0.00 150.0 +9.6 %
AAC 99pc duty cycle)

Y 5.01 67.41 16.35 150.0

z 4.89 66.86 15.79 150.0
10401- |EEE 802.11ac WiFi (40MHz, 64-QAM, X 572 67.45 16.44 0.00 150.0 9.6 %
AAC 99pc duty cycle)

Y 5.71 67.79 16.64 150.0

Z 5.62 67.37 16.18 150.0
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10402- IEEE 802.11ac WiFi (B0MHz, 64-0QAM, X 6.04 68.01 16.54 0.00 150.0 +9.6 %
AAC 99pc duty cycle)

b i 5.97 68.10 16.61 150.0

Z 5.86 67.64 16.16 150.0
10403- CDMAZ2000 (1xEV-DO, Rev. 0) X 1.72 67.71 13.64 0.00 115.0 +9.6 %
AAB

Y 1.74 68.81 14.20 115.0

Z 1.54 66.74 12.42 115.0
10404- CDMAZ000 (1xEV-DO, Rev. A) X 1.72 67.71 13.64 0.00 115.0 9.6 %
AAB

Y 1.74 68.8 14.20 115.0

Z 1.54 66.74 12.42 115.0
10406- CDMA2000, RC3, SO32, SCHO, Full X 1.21 67.56 13.81 0.00 150.0 +9.6 %
AAA Rate

Y 1.26 69.25 14.85 150.0

Z 1.06 66.19 12.33 150.0
10410- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 4.28 71.85 12.33 2.23 80.0 +96%
AAA QPSK, UL Subframe=2,3,4,7,.8,9)

Y 3.01 68.40 9.79 80.0

Z 3.84 69.75 10.93 80.0
10415- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 1.19 64.07 14.27 0.00 150.0 +9.6 %
AAA Mbps, 99pc duty cycle)

Y 18 64.56 14.86 50.0

F 14 63.51 13.46 50.0
10416- |EEE 802.11g WiFi 2.4 GHz (ERP- X 527 68.77 17.32 0.00 50.0 96 %
AAA OFDM, 6 Mbps, 99pc duty cycle)

Y 5.21 68.93 17.41 150.0

Z 5.13 68.55 16.94 150.0
10417- IEEE 802.11a/h WiFi 5 GHz (OFDM, 6 X 5.27 68.77 17.32 0.00 150.0 +9.6 %
AAA Mbps, 99pc duty cycle)

Y 5.21 68.93 17.41 150.0

Z 5.13 68.55 16.94 150.0
10418- |EEE 802.11g WiFi 2.4 GHz (DSSS- X 5.24 68.80 17.24 0.00 150.0 +96%
AAA OFDM, 6 Mbps, 99pc duty cycle, Long

preambule)

Y. 5.18 68.97 17.35 150.0

Z 5.10 68.59 16.88 150.0
10419- IEEE 802.11g WiFi 2.4 GHz (DSSS- X 5.28 68.82 17.29 0.00 150.0 +9.6 %
AAA QOFDM, 6 Mbps, 99pc duty cycle, Short

preambule)

¥ 5.21 68.98 17.39 150.0

yd 513 68.60 16.92 150.0
10422- IEEE 802.11n (HT Greenfield, 7.2 Mbps, X 543 68.91 17.38 0.00 150.0 $96%
AAA BPSK)

Y 5.36 69.06 17.46 150.0

Z 5.28 68.69 17.01 150.0
10423- IEEE 802.11n (HT Greenfield, 43.3 X 5.70 69.42 17.58 0.00 150.0 +96%
AAA Mbps, 16-QAM)

Y 5.62 69.56 17.66 150.0

Z 5.52 69.17 17.20 150.0
10424- IEEE 802.11n (HT Greenfield, 72.2 X 5.58 69.30 17.51 0.00 150.0 +9.6 %
AAA Mbps, 64-QAM)

¥ 5.51 69.43 17.59 150.0

Z 541 69.04 17.12 150.0
10425- |IEEE 802.11n (HT Greenfield, 15 Mbps, X 5.81 68.07 16.73 0.00 150.0 +96%
AAA BPSK)

Y 5.73 68.14 16.79 150.0

Z 5.61 67.64 16.29 150.0
10426- IEEE 802.11n (HT Greenfield, 90 Mbps, X 5.82 68.08 16.73 0.00 150.0 9.6 %
AAA 16-QAM)

¥ 5.74 68.17 16.81 150.0

z 5.62 67.67 16.31 150.0
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10427- |IEEE 802.11n (HT Greenfield, 150 Mbps, | X 5.80 67.95 16.65 0.00 1500 | +96%
AAA B4-QAM)

Y 573 68.07 16.75 50.0

Z 5.61 67.57 16.25 150.0
10430- LTE-FDD (OFDMA, 5 MHz, E-TM 3.1) X 4.65 70.29 17.85 0.00 50.0 +96%
AAA

Y 4.58 70.68 18.05 150.0

Z 4.44 70.086 17.38 150.0
10431- LTE-FDD (OFDMA, 10 MHz, E-TM 3.1) X 5.04 69.30 17.31 0.00 1500 | +96%
AAA

Y 4.96 69.48 17.41 150.0

Z 4.85 68.99 16.84 150.0
10432- LTE-FDD (OFDMA, 15 MHz, E-TM 3.1) X 5.35 69.31 17.43 0.00 150.0 +9.6 %
AAA

b 4 5.27 69.46 17.52 150.0

Z 517 69.02 17.01 150.0
10433- LTE-FDD (OFDMA, 20 MHz, E-TM 3.1) X 5.61 69.38 17.55 0.00 1500 | *96%
AAA

Y 5.53 69.50 17.62 150.0

Z 543 69.09 17.16 150.0
10434- W-CDMA (BS Test Model 1, 64 DPCH) X 4.63 70.45 17.58 0.00 150.0 +9.6 %
AAA

Y 4.57 70.90 17.78 150.0

Z 4.42 70.24 17.08 150.0
10435- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 4.27 7177 12.29 2.23 80.0 +9.6 %
AAA QPSK, UL Subframe=2,3,4,7.,8,9)

Y 3.01 68.37 9.76 80.0

Z 3.83 69.71 10.90 80.0
10447- LTE-FDD (OFDMA, 5 MHz, E-TM 3.1, X 4.28 68.01 16.59 0.00 150.0 +9.6 %
AAA Clipping 44%)

Y 4.20 69.26 16.68 150.0

Z 4.07 68.61 15.97 150.0
10448- LTE-FDD (OFDMA, 10 MHz, E-TM 3.1, X 4.81 68.94 17.08 0.00 150.0 +9.6 %
AAA Clipping 44%)

Y 4.74 69.14 17.19 150.0

Z 4.63 68.66 16.63 150.0
10449- LTE-FDD (OFDMA, 15 MHz, E-TM 3.1, X 5.07 68.94 17.20 0.00 150.0 +9.6 %
AAA Clipping 44%)

b i 5.00 69.12 17.31 150.0

Z: 4.9 68.68 16.80 150.0
10450- LTE-FDD (OFDMA, 20 MHz, E-TM 3.1, X 5.25 68.91 17.26 0.00 150.0 +9.6 %
AAA Clipping 44%)

N 5.19 68.06 17.36 150.0

Z 5.11 68.67 16.88 150.0
10451- W-CDMA (BS Test Model 1, 64 DPCH, X 4.20 69.11 16.24 0.00 150.0 +9.6 %
AAA Clipping 44%)

Y. 4.12 69.40 16.34 150.0

Z 3.97 68.70 15.58 150.0

X Uncertainty is determined using the max. d

field value.

from linear

applying rectangular distribution and is expressed for the square of the
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APPENDIX F

Calibration of The Validation Dipole
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Accreditation No.. SCS 0108
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|_CALIBFIATION CERTIFICATE

Certificate No: CD835V3-1105_Feb15

Object CDB835V3 - SN: 1105

Calibration procedura(s)

|
| Calibration date:

| This calibration certificate documents the traceability to national standards, which realize the phy

QA CAL-20.v6

Calibration procedure for dipoles in air

February 17, 2015

I units of i

its (Sl).

The measuremeants and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

Calibration Equipment used (M&TE critical for calibration)

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 £ 3)°C and humidity < 70%

Primary Standards D # Cal Date (Cerificate No.) Scheduled Calibration
Power meler EPM-442A GB37480704 07-Oct-14 (No. 217-02020) Ocl-15
Power sensor HP B481A US37292783 07-Oct-14 (No. 217-02020) Oct-15
Power sensor HP 8481A MY41082317 07-Oct-14 (No. 217-02021) Oct-15
Reference 10 dB Attenuator SN: 5047.2 / 06327 03-Apr-14 (No. 217-01921) Apr-15
Probe ER3DVE SN: 2336 31-Dec-14 (No. ER3-2336_Dec14) Dec-15
Probe H3DVE SN: 6065 31-Dec-14 (No. H3-6065_Dec14) Dec-15
DAE4 SN: 781 12-5ep-14 (No. DAE4-781_Sepi4d) Sep-15
| Secondary Standards 1D & Check Date (in house) Scheduled Check
| Power meter Agilent 44198 SN: GB42420191 08-Oct-09 (in house check Sep-14) In house check: Sep-16
Power sensor HP E4412A SN: US38485102 05-Jan-10 (in house check Sep-14) In house check; Sep-16
Power sensor HP 84824 SN: US37295597 09-Oct-09 (in house check Sep-14) In house check: Sep-16
| Network Analyzer HP B753E US37390585 18-Oct-01 (in house check Oct-14) In house check: Oct-15
RF generalor R&S SMT-08 SN: 832283/011 27-Aug-12 (in house check Oct-13) In house check: Oct-16

O £ o tite

S el h b

Name Function Signature
Calibrated by: Leif Klysner Laboratory Technician W z E
Approved by Fin Bomholt Deputy Technical Manager

Issued: February 19, 2015

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Methods Applied and Interpretation of Parameters:

= Coordinate System: y-axis is in the direction of the dipole arms. z-axis is from the basis of the antenna
(mounted on the table) towards its feed point between the two dipole arms. x-axis is normal to the other axes.
In coincidence with the standards [1], the measurement planes (probe sensor center) are selected to be at a
distance of 15 mm above the top metal edge of the dipole arms.

*  Measurement Conditions: Further details are available from the hardcopies at the end of the certificate. All
figures stated in the certificate are valid at the frequency indicated. The forward power to the dipole connector
is set with a calibrated power meter connected and monitored with an auxiliary power meter connected to a
directional coupler. While the dipole under test is connected, the forward power is adjusted to the same level.

= Antenna Posilioning: The dipole is mounted on a HAC Test Arch phantom using the matching dipole
positioner with the arms horizontal and the feeding cable coming from the floor. The measurements are
performed in a shielded room with absorbers around the setup to reduce the reflections.
Itis verified before the mounting of the dipole under the Test Arch phantom, that its arms are perfectly in a
line. It is installed on the HAC dipole positioner with its arms parallel below the dielectric reference wire and
able to move elastically in vertical direction without changing its relative position to the top center of the Test
Arch phantom. The vertical distance to the probe is adjusted after dipole mounting with a DASY5 Surface
Check job. Before the measurement, the distance between phantom surface and probe tip is verified. The
proper measurement distance is selected by choosing the matching section of the HAC Test Arch phantom
with the proper device reference point (upper surface of the dipole) and the matching grid reference point (tip
of the probe) considering the probe sensor offset. The vertical distance to the probe is essential for the
accuracy.

= Feed Point Impedance and Return Loss: These parameters are measured using a HP 8753E Vector Network
Analyzer. The impedance is specified at the SMA connector of the dipole. The influence of reflections was
eliminating by applying the averaging function while moving the dipole in the air, at least 70cm away from any
obstacles.

* E-field distribution: E field is measured in the x-y-plane with an isotropic ER3D-field probe with 100 mW
forward power to the antenna feed point. In accordance with [1], the scan area is 20mm wide, its length
exceeds the dipole arm length (180 or 90mm). The sensor center is 15 mm (in z) above the metal top of the
dipole arms. Two 3D maxima are available near the end of the dipole arms. Assuming the dipole arms are
periectly in one line, the average of these two maxima (in subgrid 2 and subgrid 8) is determined to
compensate for any non-parallelity to the measurement plane as well as the sensor displacement. The E-field
value stated as calibration value represents the maximum of the interpolated 3D-E-field, in the plane above
the dipole surface.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the
coverage factor k=2, which for a normal distribution corresponds to a coverage probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY5 V52.8.8
Phantom HAC Test Arch
Distance Dipole Top - Probe Center 15mm
Scan resolution dx, dy =5 mm
Frequency 835 MHz + 1 MHz
Input power drift < 0.05dB

Maximum Field values at 835 MHz
E-field 15 mm above dipole surface condition Interpolated maximum
Maximum measured above high end 100 mW input power 107.0 V/m = 40.59 dBV/m
Maximum measured above low end 100 mW input power 106.6 V/m = 40.56 dBV/m
Averaged maximum above arm 100 mW input power 106.8 V/m = 12.8 % (k=2)

Appendix (Additional assessments outside the scope of SCS0108)

Antenna Parameters

Frequency Return Loss Impedance

800 MHz 16.5 dB 4330-124jQ
835 MHz 28.9dB 495Q+35jQ
900 MHz 16.5dB 56.30-14.7 0
950 MHz 20.3dB 441 Q+6.7Q
960 MHz 16.0 dB 50.4 Q + 16.0 jQ

3.2 Antenna Design and Handling

The calibration dipole has a symmetric geometry with a built-in two stub matching network, which leads to the

enhanced bandwidth.

The dipole is built of standard semirigid coaxial cable. The internal matching line is open ended. The antenna is
therefore open for DC signals.
Do not apply force to dipole arms, as they are liable to bend. The soldered connections near the feedpoint may be

damaged. After excessive mechanical stress or overheating, check the impedance characteristics to ensure that the
internal matching network is not affected.

After long term use with 40W radiated power, only a slight warming of the dipole near the feedpoint can be measured.
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Impedance Measurement Plot
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DASYS5 E-field Resuit

Date: 17.02.2015

Test Laboratory: SPEAG Lab2
DUT: HAC-Dipole 835 MHz: Type: CD835V3; Serial: CD835V3 - SN: 1105

Communication System: UID 0 - CW ; Frequency: 835 MHz
Medium parameters used: o= 0 S/m, g = 1; p = 1000 kg/m’
Phantom section: RF Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS2 Configuration:

*  Probe: ER3DV6 - SN2336; ConvF(1, 1, 1); Calibrated: 31.12.2014;

* Sensor-Surface: (Fix Surface)

e Electronics: DAE4 Sn781; Calibrated: 12.09.2014

e Phantom: HAC Test Arch with AMCC; Type: SD HAC PO1 BA; Serial: 1070
* DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole E-Field measurement @ 835MHz/E-Scan - 835MHz d=15mm/Hearing Aid Compatibility Test (41x361x1):
Interpolated grid: dx=0.5000 mm, dy=0.5000 mm

Device Reference Point: 0, 0, -6.3 mm

Reference Value = 121.9 Vim: Power Drift = -0.01 JdB

Applied MIF = 0,00 dB

RF audio interference level = 40.59 dBV/m

Emission category: M3

MIF scaled E-field

Grid 1 M3 Grid 2 M3 Grid 3 M3
40.16 dBV/m |40.59 dBV/m |40.55 dBV/m

Grid 4 M4 Grid 5 M4 Grid 6 M4
35.7dBV/m |36.1dBV/m [36.08 dBV/m

Grid 7 M3 Grid 8 M3 Grid 9 M3
40.21 dBV/m [40.56 dBV/m |40.54 dBV/m

dB
n
1.87
3.73
5.60
7.46
-9.33
0 dB = 107.0 V/m = 40,59 dBV/m
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Client

Certiicate No: CD1880V3-1016_Jan15
CALIBRATION CERTIFICATE !

Object CD1880V3 - SN: 1016 ‘

QA CAL-20.v6
Calibration procedure for dipoles in air

Calibration procedure(s)

Calibration date:

January 20, 2015

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI),
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the cerificate

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

RF generator R&S SMT-06

| sn: 83z283/011

il 4o vse

27-Aug-12 (in house check Ocl-13)

77

o S A

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power mater EPM-442A GB37480704 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP B481A uS37292783 07-Oct-14 (No. 217-02020) Oct-15

Powar sensor HP 8481A MY41092317 07-Oct-14 (No. 217-02021) Oct-15

Reference 10 dB Attenualor SN: 5047.2 / 06327 03-Apr-14 (No. 217-01921) Apr-15

Probe ER30VE SN: 2336 31-Dec-14 (No. ER3-2336_Dec14) Dec-15

Probe H3DVE SN: 6065 31-Dac-14 (No. H3-6065_Dec14) Dec-15

DAE4 SN: 781 12-Sep-14 (No. DAE4-781_Sep14) Sep-15

Secondary Standards 1D # Check Date (in house) Scheduled Check
Power meter Agilent 44198 SN: GB42420191 08-Oct-09 (in house check Sep-14) In house check: Sep-16
Power sensor HP E4412A SN: US38485102 05-Jan-10 (in house check Sep-14) In house check: Sep-16
Power sensor HP B482A SN: US37295597 09-Oct-09 (in house check Sep-14) In house check: Sep-16
Network Analyzer HP 8753E US37390585 18-Oct-01 (in house check Oct-14) In house check: Oct-15

In house check: Oct-16

Name Function Signature
Calibrated by: Leif Klysner Laboratory Technician %
Approved by: Fin Bornholt Deputy Technical Manager

Bt

Issued: January 20, 2015

|_This calibration cerificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: CD1880V3-1016_Jan15

Page 10f 7

FCC ID:A3LSMJ500M Report Number: AM-049-M1 Page : 66 /72
@ EUT Type: Portable Handset Issue Date : 2015.06.16
SAMSUNG Electronics CO. LTD




Calibration Laboratory of N

> o \L__/:"# S  Schweizerischer Kalibrierdienst

SChmEd & I?arlner ;E“"m-—-/, | El’é C  Service suisse d'étalonnage

Engineering AG B Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland AN S swiss Calibration Service

il

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agr for the gnition of calibration certificates
References
[1] ANSI-C63.19-2011

American National Standard, Methods of Measurement of Compatibility between Wireless Communications
Devices and Hearing Aids.

Methods Applied and Interpretation of Parameters:

+ Coordinate System: y-axis is in the direction of the dipole arms. z-axis is from the basis of the antenna
(mounted on the table) towards its feed point between the two dipole arms. x-axis is normal to the other axes.
In coincidence with the standards [1], the measurement planes (probe sensor center) are selected to be ata
distance of 15 mm above the top metal edge of the dipole arms.

* Measurement Conditions: Further details are available from the hardcopies at the end of the certificate. All
figures stated in the certificate are valid at the frequency indicated. The forward power to the dipole connector
is set with a calibrated power meter connected and monitored with an auxiliary power meter connected to a
directional coupler. While the dipole under test is connected, the forward power is adjusted to the same level.

= Antenna Positioning: The dipole is mounted on a HAC Test Arch phantom using the matching dipole
positioner with the arms horizontal and the feeding cable coming from the floor. The measurements are
performed in a shielded room with absorbers around the setup to reduce the reflections.
Itis verified before the mounting of the dipole under the Test Arch phantom, that its arms are perfectly in a
line. It is installed on the HAC dipole positioner with its arms parallel below the dielectric reference wire and
able to move elastically in vertical direction without changing its relative position to the top center of the Test
Arch phantom. The vertical distance to the probe is adjusted after dipole mounting with a DASY5 Surface
Check job. Before the measurement, the distance between phantom surface and probe tip is verified. The
proper measurement distance is selected by choosing the matching section of the HAC Test Arch phantom
with the proper device reference point (upper surface of the dipole) and the matching grid reference point (tip
of the probe) considering the probe sensor offset. The vertical distance to the probe is essential for the
accuracy.

* Feed Point Impedance and Return Loss: These parameters are measured using a HP 8753E Vector Network
Analyzer. The impedance is specified at the SMA connector of the dipole. The influence of reflections was
eliminating by applying the averaging function while moving the dipole in the air, at least 70cm away from any
obstacles.

® E-field distribution: E field is measured in the x-y-plane with an isotropic ER3D-field probe with 100 mW
forward power to the antenna feed point. In accordance with [1], the scan area is 20mm wide, its length
exceeds the dipole arm length (180 or 90mm). The sensor center is 15 mm (in z) above the metal top of the
dipole arms. Two 3D maxima are available near the end of the dipole arms. Assuming the dipole arms are
perfectly in one line, the average of these two maxima (in subgrid 2 and subgrid 8) is determined to
compensate for any non-parallelity to the measurement plane as well as the sensor displacement. The E-field
value stated as calibration value represents the maximum of the interpolated 3D-E-field, in the plane above
the dipole surface.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the
coverage factor k=2, which for a normal distribution corresponds to a coverage probability of approximately 95%.
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Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version DASY5 V52.8.8
Phantom HAC Test Arch

Distance Dipole Top - Probe Center 10 mm

Scan resolution dx, dy =5 mm

Frequency

1730 MHz + 1 MHz
1880 MHz + 1 MHz

Input power drift <0.05dB
Maximum Field values at 1730 MHz
E-field 15 mm above dipole surface condition Interpolated maximum

Maximum measured above high end

100 mW input power

100.2 Vim = 40.02 dBV/m

Maximum measured above low end

100 mW input power

94.6 V/im = 39.52 dBV/m

Averaged maximum above arm

100 mW input power

97.4 Vim = 12.8 % (k=2)

Maximum Field values at 1880 MHz

E-field 15 mm above dipole surface

condition

Interpolated maximum

Maximum measured above high end

100 mW input power

91.6 V/im = 39.24 dBV/m

Maximum measured above low end

100 mW input power

89.2 V/m = 39.00 dBV/m

Averaged maximum above arm

100 mW input power

90.4 Vim £ 12.8 % (k=2)
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Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters

Nominal Frequencies

Frequency Return Loss Impedance

1730 MHz 25.0dB 51.7Q+55jQ
1880 MHz 22.2dB 5000 +7.8jQ
1900 MHz 23.1dB 5260 +67jQ
1950 MHz 33.5dB 51.9Q+09j0
2000 MHz 19.9dB 4140 +33jQ

3.2 Antenna Design and Handling

The calibration dipole has a symmetric geometry with a built-in two stub matching network, which leads to the
enhanced bandwidth,

The dipole is built of standard semirigid coaxial cable. The internal matching line is open ended. The antenna is
therefore open for DC signals.

Do not apply force to dipole arms, as they are liable to bend. The soldered connections near the feedpoint may be
damaged. After excessive mechanical stress or overheating, check the impedance characteristics to ensure that the
internal matching network is not affected.

After long term use with 40W radiated power, only a slight warming of the dipole near the feedpoint can be measured.
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Impedance Measurement Plot
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DASYS5 E-field Result

Test Laboratory: SPEAG Lab2
DUT: HAC Dipole 1880 MHz: Type: CD1880V3; Serial: CD1880V3 - SN: 1016

Communication System: UID 0 - CW ; Frequency: 1880 MHz, Frequency: 1730 MHz
Medium parameters used: 6 = 0 S/m, £ = 13 p = 1000 kg/m’

Phantom section: RF Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

® Probe: ER3DV6 - SN2336; ConvF(1, 1, 1); Calibrated: 31.12.2014;

® Sensor-Surface: (Fix Surface)

*  Electronics: DAE4 5n781; Calibrated: 12.09.2014

*  Phantom: HAC Test Arch with AMCC; Type: SD HAC PO1 BA; Serial: 1070
o DASY52 52.8.8(1222); SEMCAD X 14.6.10{7331)

Date: 20.01.2015

Dipole E-Field measurement @ 1880MHz/E-Scan - 18380MHz d=15mm/Hearing Aid Compatibility Test (41x181x1):

Interpolated grid: dx=0.5000 mm., dy=0.5000 mm
Device Reference Point: 0, 0, -6.3 mm
Reference Value = 147.7 Vim; Power Drift = -0.01 dB
Applied MIF = 0.00 dB
RF audio interference level = 39.24 dBV/m
Emission category: M2
MIF scaled E-field

Grid 1 M2 Grid 2 M2 Grid 3 M2
38.69 dBV/m |39 dBV/m 38.92 dBV/m

Grid 4 M2 Grid 5 M2 Grid 6 M2
36.63 dBV/m |36.94 dBV/m |36.93 dBV/m

Grid 7 M2 Grid 8 M2 Grid 9 M2
38.93 dBV/m |39.24 dBV/m |39.19 dBV/m
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Dipole E-Field measurement @ 1880MHz/E-Scan - 1730MHz d=15mm/Hearing Aid Compatibility Test (41x181x1): Interpolated

grid: dx=0.5000 mm, dy=0.5000 mm

Device Reference Point: 0, 0, -6.3 mm

Reference Value = 160.8 V/m; Power Drift = -0.04 dB
Applied MIF = 0.00 dB

RF audio interference level = 40.02 dBV/m

Emission category: M1

MIF scaled E-field

Grid 1 M2 Grid 2 M2 Grid 3 M2
39.18 dBV/m |39.52 dBV/m |39.44 dBV/m

Grid 4 M2 Grid 5 M2 Grid 6 M2
37.49 dBV/m |37.95 dBV/m |37.94 dBV/m

Grid 7 M2 Grid 8 M1 Grid 8 M2
39.62 dBV/m |40.02 dBV/m |39.98 dBV/m

0dB=91.62 V/m = 39.24 dBV/m
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