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1. Test Laboratory

1.1. Testing Location

Company Name: ECIT Shanghai, East China Institute of Telecommunications

Address: 7-8F, G Area,No. 668, Beijing East Road, Huangpu District,
Shanghai, P. R. China

Postal Code: 200001

Telephone: (+86)-021-63843300

Fax: (+86)-021-63843301

1.2. Testing Environment

NormalTemperature: 18-25°C

Relative Humidity: 10-90%

Ambient noise & Reflection: | < 0.012 W/kg

1.3. Project Data

Project Leader: Wang Yagiong
Testing Start Date: 2015-05-09
Testing End Date: 2015-05-11

1.4. Signature

Hu Jiajing Yu Naiping
(Prepared this test report) (Reviewed this test report)

Zheng Zhongbin

Director of the laboratory
(Approved this test report)
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2. Statement of Compliance
The maximum results of Specific Absorption Rate (SAR) found during testing for MiFi M100 are as follows

(with expanded uncertainty 22.49%)
Table 2.1: Max. Reported SAR (19)

. ) Reported SAR
Band Position/Distance
1g(W/Kg)
LTE Band 2 Body/10mm 1.32
LTE Band 5 Body/10mm 0.614

The SAR values found for the Mobile Phone are below the maximum recommended levels of 1.6 W/Kg as
averaged over any 19 tissue according to the ANSI C95.1-1992.

For body worn operation, this device has been tested and meets FCC RF exposure guidelines when used
with any accessory that contains no metal. Use of other accessories may not ensure compliance with
FCC RF exposure guidelines.

The measurement together with the test system set-up is described in chapter 7 of this test report. A
detailed description of the equipment under test can be found in chapter 3 of this test report.
The maximum reported SAR value is obtained at the case of (Table 2.1), and the values are: 1.32 W/kg

(19).

NOTE:

1.Repeated measurement is not required when the original highest measured SAR is < 0.80 W/kg
2.Body Mode include Body-worn Mode and Hotspot Mode, The measurement of Body-worn Mode include
hotspot mode test.
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The sample has three antennas. One is main antenna for LTE and the other two are for WiFi. So
simultaneous transmission is LTE and WiFi.
Table 2.2: Simultaneous SAR (19g)

Simultaneous Transmission SAR(W/Kg)
Test Position -TE LTE WIFI-1 WIFI-2 WIF SUM
Band 5 | Band 2 MIMO

Phantom Side 0.614 1.32 0.24 0.02 0.01
Ground Side 0.542 0.883 0.13 0.00 0.00 1.01
Left Side 0.188 0.587 0.03 0.00 N/A 0.617

Body | Right Side 0.126 0.116 0.02 0.03 N/A 0.146
Top Side 0.0355 1.29 0.14 0.00 N/A 1.43
Bottom Side 0.309 0.267 0.02 0.00 N/A 0.329
Upper Right Side 0.035 0.089 0.04 0.01 N/A 0.129

According to the above table, the maximum sum of reported SAR values for GSM/WCDMA and WiFiis
1.56 W/kg (19g). The detail for simultaneous transmission consideration is described in chapter 13.

Remark: Original wifi test results are obtained from the CTTL report and the test report No. is
115Z240884-SEM02_SAR_Rev0
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3. Client Information

3.1. Applicant Information

Company Name: Novatel Wireless, Inc.

Address: 9645 Scranton Road, Suite 205, San Diego, CA 92121, USA
Telephone: +1 858-812-3420

Contact: Bill Babbitt

3.2. Manufacturer Information

Company Name: Asia Telco Technologies Co.
Address: #289 Bisheng Road, Building-8,3F,Zhangjiang
Hi-Tech Park,Pudong,Shanghai 201204,China
Telephone: +82-21-51688806-179
Contact: Shen Chao
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4. Equipment Under Test (EUT) and Ancillary Equipment (AE)

4.1. About EUT

Description:

MiFi Hotspot, LTE Only, Bands 2,4,5, 12,17

Model name:

M100

Operation Model(s):

LTE Band 2, LTE Band 5, Wifi

Tx Frequency:

824.2-848.8, 1850.7-1909.3MHz (LTE)
2412-2462 MHz (Wi-Fi)

Test device Production
information:

Production unit

Hotspot Mode:

GPRS Class Mode: B

GPRS Multislot Class: 12

Device type: Portable device
UE category: 3

Antenna type: Inner antenna
Accessories/Body-worn Headset
configurations:

Dimensions: 15.5cmx7.8cm

Support simultaneous transmission of hotspot and voice
(‘or data)
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4.2. Internal Identification of EUT used during the test

EUT ID* SN or IMEI HW Version SW Version

N12 99000331990415 P2 NVTL_USC_1.05

*EUT ID: is used to identify the test sample in the lab internally.

4.3. Internal Identification of AE used during the test

AE ID* |Description Model SN Manufacturer

BO5 Battery 40115126 / BYD

*AE ID: is used to identify the test sample in the lab internally.
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5. TEST METHODOLOGY

5.1. Applicable Limit Regulations

ANSI C95.1-1999: |IEEE Standard for Safety Levels with Respect to Human Exposure to Radio
Frequency Electromagnetic Fields, 3 kHz to 300 GHz.

It specifies the maximum exposure limit of 1.6 W/kg as averaged over any 1 gram of tissue for
portable devices being used within 20 cm of the user in the uncontrolled environment.

5.2. Applicable Measurement Standards

IEEE 1528-2003: Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Body Due to Wireless Communications Devices:
Experimental Techniques.

IC RSS-102 ISSUE4: Radio Frequency (RF) Exposure Compliance of Radiocommunication
Apparatus (All Frequency Bands)

KDB447498 D0O1: General RF Exposure Guidance v05r02: Mobile and Portable Devices RF
Exposure Procedures and Equipment Authorization Policies.

KDB648474 D04 Handset SAR v01r02: SAR Evaluation Considerations for Wireless Handsets.
KDB941225 D05 SAR for LTE Devices v02r03: SAR Evaluation Considerations for LTE Devices

KDB941225 D06 Hotspot Mode SAR v01r01: SAR Evaluation Procedures for Portable Devices
with Wireless Router Capabilities

KDB248227 D01 802 11 Wi-Fi SAR V02: SAR Guidance for IEEE 802.11 (Wi-Fi) Transmitters.

KDB 865664 D01 SAR measurement 100 MHz to 6 GHz v01r03: SAR Measurement
Requirements for 100 MHz to 6 GHz.

KDB648474 D04 SAR Handsets Multi Xmiter and Ant vO1r02:SAR Evaluation Considerations for
Wireless Handsets.

KDB 865664 D02 RF Exposure Reporting v01r0l1: RF Exposure Compliance Reporting and
Documentation Considerations

IEEE1528a-2005:Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head From Wireless Communications Devices:
Measurement Techniques.

East China Institute of Telecommunications Page Number : 11 of 92
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6. Specific Absorption Rate (SAR)

6.1. Introduction

SAR is related to the rate at which energy is absorbed per unit mass in an object exposed to a radio field.
The SAR distribution in a biological body is complicated and is usually carried out by experimental
techniques or numerical modeling. The standard recommends limits for two tiers of groups,
occupational/controlled and general population/uncontrolled, based on a person’s awareness and ability
to exercise control over his or her exposure. In general, occupational/controlled exposure limits are higher
than the limits for general population/uncontrolled.

6.2. SAR Definition

The SAR definition is the time derivative (rate) of the incremental energy ( dW ) absorbed by (dissipated
in) an incremental mass ( dm ) contained in a volume element ( dv) of a given density ( o) . The equation

description is as below:

d dw, d dw
SAR=— (=) =—(=)
dt dm” dt pdv

SAR is expressed in units of Watts per kilogram (W/kg)
SAR measurement can be either related to the temperature elevation in tissue by

ST
SAR = ¢(—-
)

Where: C is the specific head capacity, OT is the temperature rise and ot is the exposure duration, or
related to the electrical field in the tissue by

Where: o is the conductivity of the tissue, p is the mass density of tissue and E is the RMS electrical

field strength.

However for evaluating SAR of low power transmitter, electrical field measurement is typically applied.

East China Institute of Telecommunications Page Number 112 of 92
TEL: +86 21 63843300FAX:+86 21 63843301 Report Issued Date  : May 12, 2015



ecIT SAR Test Report Report No.: B15D30040-SAR

7. Tissue Simulating Liquids

7.1. Targets for tissue simulating liquid

Table 7.1: Targets for tissue simulating liquid

Fre((;/lul_elz)cy Liquid Type Conductivity(o) + 5% Range Permittivity(g) + 5% Range
835 Head 0.90 0.86~0.95 41.5 39.4~43.6
835 Body 0.97 0.92~1.02 55.2 52.4~58.0
1900 Head 1.40 1.33~1.47 40.0 38.0~42.0
1900 Body 1.52 1.44~1.60 53.3 50.6~56.0
2450 Head 1.80 1.71~1.89 39.2 37.2~41.2
2450 Body 1.95 1.85~2.05 52.7 50.1~55.3

7.2. Dielectric Performance

Table 7.2: Dielectric Performance of Tissue Simulating Liquid

Measurement Value

Liquid Temperature: 21.6 C

Type Frequency Permittivity € Drift (%) Conductivity o Drift (%) Test Date
Body 835 MHz 55.15 0.09% 0.9989 2.97% 2015-05-11
Body 1900 MHz 53.24 0.11% 1.524 0.26% 2015-05-09
East China Institute of Telecommunications Page Number 113 0f 92
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Picture 7-1: Liquid depth in the Flat Phantom (835 MHz Head)

Picture 7-2: Liquid depth in the Flat Phantom (1900 MHz Head)
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Picture 7-3: Liquid depth in the Flat Phantom (835 MHz Body)

Picture 7-4: Liquid depth in the Flat Phantom (1900 MHz Body)
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Picture 7-5: Liquid depth in the Flat Phantom (2450 MHz Head)

Picture 7-6: Liquid depth in the Flat Phantom (2450 MHz Body)
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8. System verification

8.1. System Setup

In the simplified setup for system evaluation, the DUT is replaced by a calibrated dipole and the power
source is replaced by a continuous wave that comes from a signal generator. The calibrated dipole must
be placed beneath the flat phantom section of the SAM twin phantom with the correct distance holder. The
distance holder should touch the phantom surface with a light pressure at the reference marking and be
oriented parallel to the long side of the phantom. The equipment setup is shown below:

Spacer

3D Probe positioner

—
.\_\_Flplq p_r-ubt
T s | Flat Phanicen
T
N J

Diple

Dir.Coupler L

Xee L
Att1

-

L)

Picture 8.1 System Setup for System Evaluation

Picture 8.2 Photo of Dipole Setup
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8.2. System Verification

SAR system verification is required to confirm measurement accuracy, according to the tissue dielectric
media, probe calibration points and other system operating parameters required for measuring the SAR of
test device. The system verification must be performed for each frequency band and within the valid range
of each probe calibration point required for testing the device.

Table 8.1: System Verification of Body

Verification Results

Input power level: 250mwW

Target value (W/kg) Measured value (W/kQ) Deviation Test
Frequency 109 1g 10g 19 10g 1g date
Average Average Average Average Average Average
835 MHz 6.32 9.46 6.72 9.68 6.32% 2.43% 2014-05-11
1900 MHz 21.3 40.7 21.52 41.2 1.03% 1.22% 2014-05-09
East China Institute of Telecommunications Page Number 118 of 92
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9. Measurement Procedures

9.1. Tests to be performed

In order to determine the highest value of the peak spatial-average SAR of a handset, all device positions,
configurations and operational modes shall be tested for each frequency band according to steps 1 to 3
below. A flowchart of the test process is shown in Picture 11.1.

Step 1: The tests described in 11.2 shall be performed at the channel that is closest to the centre of the

transmit frequency band ( f,) for:

a) all device positions (cheek and tilt, for both left and right sides of the SAM phantom, as described in
Chapter 8),

b) all configurations for each device position in a), e.g., antenna extended and retracted, and

c¢) all operational modes, e.g., analogue and digital, for each device position in a) and configuration in b) in
each frequency band.

If more than three frequencies need to be tested according to 11.1 (i.e., N, > 3), then all frequencies,

configurations and modes shall be tested for all of the above test conditions.

Step 2: For the condition providing highest peak spatial-average SAR determined in Step 1, perform all
tests described in 11.2 at all other test frequencies, i.e., lowest and highest frequencies. In addition, for all
other conditions (device position, configuration and operational mode) where the peak spatial-average
SAR value determined in Step 1 is within 3 dB of the applicable SAR limit, it is recommended that all other
test frequencies shall be tested as well.

Step 3: Examine all data to determine the highest value of the peak spatial-average SAR found in Steps 1
to 2.
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Picture 9.1Block diagram of the tests to be performed

9.2. General Measurement Procedure

The following procedure shall be performed for each of the test conditions (see Picture 11.1) described in
11.1:

a) Measure the local SAR at a test point within 8 mm or less in the normal direction from the inner surface
of the phantom.

b) Measure the two-dimensional SAR distribution within the phantom (area scan procedure). The
boundary of the measurement area shall not be closer than 20 mm from the phantom side walls. The
distance between the measurement points should enable the detection of the location of local maximum
with an accuracy of better than half the linear dimension of the tissue cube after interpolation. A maximum
grip spacing of 20 mm for frequencies below 3 GHz and (60/f [GHz]) mm for frequencies of 3GHz and
greater is recommended. The maximum distance between the geometrical centre of the probe detectors
and the inner surface of the phantom shall be 5 mm for frequencies below 3 GHz andd In(2)/2 mm for

frequencies of 3 GHz and greater, whered is the plane wave skin depth and In(x) is the natural logarithm.
The maximum variation of the sensor-phantom surface shall be =1 mm for frequencies below 3 GHz and
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+0.5 mm for frequencies of 3 GHz and greater. At all measurement points the angle of the probe with
respect to the line normal to the surface should be less than 5° . If this cannot be achieved for a
measurement distance to the phantom inner surface shorter than the probe diameter, additional
uncertainty evaluation is needed.

¢) From the scanned SAR distribution, identify the position of the maximum SAR value, in addition identify
the positions of any local maxima with SAR values within 2 dB of the maximum value that are not within
the zoom-scan volume; additional peaks shall be measured only when the primary peak is within 2 dB of
the SAR limit. This is consistent with the 2 dB threshold already stated;

d) Measure the three-dimensional SAR distribution at the local maxima locations identified in step c). The
horizontal grid step shall be (24/ff{GHz] ) mm or less but not more than 8 mm. The minimum zoom size of
30 mm by 30 mm and 30 mm for frequencies below 3 GHz. For higher frequencies, the minimum zoom
size of 22 mm by 22 mm and 22 mm. The grip step in the vertical direction shall be ( 8-f[GHz] ) mm or less
but not more than 5 mm, if uniform spacing is used. If variable spacing is used in the vertical direction, the
maximum spacing between the two closest measured points to the phantom shell shall be (12 / f{GHz])
mm or less but not more than 4 mm, and the spacing between father points shall increase by an
incremental factor not exceeding 1.5. When variable spacing is used, extrapolation routines shall be
tested with the same spacing as used in measurements. The maximum distance between the geometrical
centre of the probe detectors and the inner surface of the phantom shall be 5 mm for frequencies below 3
GHz andd In(2)/2 mm for frequencies of 3 GHz and greater, where 0 is the plane wave skin depth and
In(x) is the natural logarithm. Separate grids shall be centered on each of the local SAR maxima found in
step c¢). Uncertainties due to field distortion between the media boundary and the dielectric enclosure of
the probe should also be minimized, which is achieved is the distance between the phantom surface and
physical tip of the probe is larger than probe tip diameter. Other methods may utilize correction
procedures for these boundary effects that enable high precision measurements closer than half the
probe diameter. For all measurement points, the angle of the probe with respect to the flat phantom
surface shall be less than 5° . If this cannot be achieved an additional uncertainty evaluation is needed.
e) Use post processing( e.g. interpolation and extrapolation ) procedures to determine the local SAR
values at the spatial resolution needed for mass averaging.

9.3. WCDMA Measurement Procedures for SAR

The following procedures are applicable to WCDMA handsets operating under 3GPP Release99, Release
5 and Release 6. The default test configuration is to measure SAR with an established radio link between
the DUT and a communication test set using a 12.2kbps RMC (reference measurement channel)
configured in Test Loop Mode 1. SAR is selectively confirmed for other physical channel configurations
(DPCCH &DPDCHy,), HSDPA and HSPA (HSUPA/HSDPA) modes according to output power, exposure
conditions and device operating capabilities. Both uplink and downlink should be configured with the
same RMC or AMR, when required. SAR for Release 5 HSDPA and Release 6 HSPA are measured using
the applicable FRC (fixed reference channel) and E-DCH reference channel configurations. Maximum
output power is verified according to applicable versions of 3GPP TS 34.121 and SAR must be measured
according to these maximum output conditions. When Maximum Power Reduction (MPR) is not
implemented according to Cubic Metric (CM) requirements for Release 6 HSPA, the following procedures
do not apply.

For Release 5 HSDPA Data Devices:
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Sub-test B. B, By (SP) B.1 B, Bis CM/dB
1 2/15 15/15 64 2/15 4/15 0.0
2 12/15 15/15 64 12/15 24/25 1.0
3 15/15 8/15 64 15/8 30/15 1.5
4 15/15 4/15 64 15/4 30/15 1.5
For Release 6 HSDPA Data Devices
Sub- ﬁd ﬂed ﬁed cM | MPR AG .
test B | Py (SF) Bl By | Prs | Pes Bes sE) | (codesy | (@ | (@B) | Index e
1 11/15 | 15/15 64 11/15 22/15 | 209/225 1039/225 4 1 1.0 | 0.0 20 75
2 6/15 | 15/15 64 6/15 12/15 12/15 12/15 4 1 3.0 | 2.0 12 67
PBogr 471
3 15/15 | 9/15 64 15/9 30/15 | 30/15 b 4 2 2.0 | 1.0 15 92
Py 14771
5
4 2/15 | 15/15 64 2/15 4/15 4/15 56/75 4 1 3.0 | 2.0 17 71
5 15/15 | 15/15 64 15/15 24/15 | 30/15 134/15 4 1 1.0 | 0.0 21 81

9.4. SAR Measurement for LTE

SAR tests for LTE are performed with a base station simulator, Rohde & Rchwarz CMW500. Closed
loop power control was used so the UE transmits with maximum output power during SAR testing. All
powers were measured with the CMW 500.

It is performed for conducted power and SAR based on the KDB941225 D05.

SAR is evaluated separately according to the following procedures for the different test positions in
each exposure condition — head, body, body-worn accessories and other use conditions. The
procedures in the following subsections are applied separately to test each LTE frequency band
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1) QPSKwith 1 RB allocation

Start with the largest channel bandwidth and measure SAR for QPSK with 1 RB allocation,
using the RB offset and required test channel combination with the highest maximum output
power among RB offsets at the upper edge, middle and lower edge of each required test
channel. When the reported SAR is < 0.8 W/kg, testing of the remaining RB offset
configurations and required test channels is not required for 1 RB allocation; otherwise, SAR
is required for the remaining required test channels and only for the RB offset configuration
with the highest output power for that channel. When the reported SAR of a required test
channel is > 1.45 W/kg, SAR is required for all three RB offset configurations for that required
test channel.

2) QPSK with 50% RB allocation

The procedures required for 1 RB allocation in 1) are applied to measure the SAR for

QPSK with 50% RB allocation.
3) QPSK with 100% RB allocation

For QPSK with 100% RB allocation, SAR is not required when the highest maximum output
power for 100 % RB allocation is less than the highest maximum output power in 50% and 1
RB allocations and the highest reported SAR for 1 RB and 50% RB allocation in 1) and 2) are
< 0.8W/kg. Otherwise, SAR is measured for the highest output power channel; and if the

reported SAR is > 1.45 W/kg, the remaining required test channels must also be tested.

9.5. Bluetooth & Wi-Fi Measurement Procedures for SAR

Normal network operating configurations are not suitable for measuring the SAR of 802.11
transmitters in general. Unpredictable fluctuations in network traffic and antenna diversity
conditions can introduce undesirable variations in SAR results. The SAR for these devices should
be measured using chipset based test mode software to ensure that the results are consistent and
reliable.

Chipset based test mode software is hardware dependent and generally varies among
manufacturers. The device operating parameters established in a test mode for SAR
measurements must be identical to those programmed in production units, including output power
levels, amplifier gain settings and other RF performance tuning parameters. The test frequencies
should correspond to actual channel frequencies defined for domestic use. SAR for devices with

switched diversity should be measured with only one antenna transmitting at a time during each
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SAR measurement, according to a fixed modulation and data rate. The same data pattern should

be used for all measurements.

9.6. Power Drift

To control the output power stability during the SAR test, DASY 5 system calculates the power drift
by measuring the E-field at the same location at the beginning and at the end of the measurement
for each test position. These drift values can be found in Section 14 labeled as: (Power Drift [dB]).

This ensures that the power drift during one measurement is within 5%.
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10.Area Scan Based 1-g SAR

10.1 Requirement of KDB
According to the KDB447498 D01 v05, when the implementation is based the specific polynomial
fit algorithm as presented at the 29th Bioelectromagnetics Society meeting (2007) and the
estimated 1-g SAR is < 1.2 W/kg, a zoom scan measurement is not required provided it is also
not needed for any other purpose; for example, if the peak SAR location required fo simultaneous
transmission SAR test exclusion can be determined accurately by the SAR system or manually to

discriminate between distinctive peaks and scattered noisy SAR distributions from area scans.

There must not be any warning or alert messages due to various measurement concerns
identified by the SAR system; for example, noise in measurements, peaks too close to scan
boundary, peaks are too sharp, spatial resolution and uncertainty issues etc. The SAR system
verification must also demonstrate that the area scan estimated 1-g SAR is within 3% of the
zoom scan 1-g SAR (See Annex B). When all the SAR results for each exposure condition in a
frequency band and wireless mode are based on estimated 1-g SAR, the 1-g SAR for the highest

SAR configuration must be determined by a zoom scan.
10.2 Fast SAR Algorithms
The approach is based on the area scan measurement applying a frequency dependent

attenuation parameter. This attenuation parameter was empirically determined by analyzing a
large number of phones. The MOTOROLA FAST SAR was developed and validated by the
MOTOROLA Research Group in Ft. Lauderdale.

In the initial study, an approximation algorithm based on Linear fit was developed. The accuracy
of the algorithm has been demonstrated across a broad frequency range (136-2450 MHz) and for
both 1- and 10-g averaged SAR using a sample of 264 SAR measurements from 55 wireless
handsets. For the sample size studied, the root-mean-squared errors of the algorithm are 1.2%
and 5.8% for 1- and 10-g averaged SAR, respectively. The paper describing the algorithm in
detail is expected to be published in August 2004 within the Special Issue of Transactions on

MTT.

In the second step, the same research group optimized the fitting algorithm to an Polynomial fit
whereby the frequency validity was extended to cover the range 30-6000MHz. Details of this

study can be found in the BEMS 2007 Proceedings.

Both algorithms are implemented in DASY software.
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11.Conducted Output Power

11.1. Manufacturing tolerance

Table 10.1: LTE

LTE Band 2

Channel Channel High Channel Middle

Channel Low

20M
Maximum Target 25.0 25.0
Value (dBm)

25.0

15M
Maximum Target 25.0 25.0
Value (dBm)

25.0

10M
Maximum Target 25.0 25.0
Value (dBm)

25.0

5M
Maximum Target 25.0 25.0
Value (dBm)

25.0

3M
Maximum Target 25.0 25.0
Value (dBm)

25.0

1.4M
Maximum Target 25.0 25.0
Value (dBm)

25.0

LTE Band 5

Channel Channel High Channel Middle

Channel Low

10M
Maximum Target 25.0 25.0
Value (dBm)

25.0

5M
Maximum Target 25.0 25.0
Value (dBm)

25.0

3M
Maximum Target 25.0 25.0
Value (dBm)

25.0

1.4M
Maximum Target 25.0 25.0
Value (dBm)

25.0
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11.2.LTE Measurement result

Band5
Actual output power(dBm)
Bandwidth Mode RB Size | RB Offset Channel Channel Channel
20407 20525 20643
824.7TMHz 836.5MHz 848.3MHz

1 0 24.73 24.77 24.14
1 3 24.80 24.19 24.15
1 5 23.86 23.36 23.85
QPSK 3 0 24.16 24.11 24.10
3 1 24.22 23.69 23.98
3 3 23.51 23.84 23.15
1 AMHz 6 0 23.53 23.61 23.31
1 0 23.72 23.79 23.16
1 3 23.78 23.3 23.13
1 5 22.75 22.28 22.82
16QAM 3 0 23.19 23.03 23.11
3 1 23.16 22.75 22.95
3 3 22.53 22.86 22.12
6 0 22.43 22.57 22.29

Actual output power(dBm)

Bandwidth | Mode | RBSize | RB Offset Channel Channel Channel
20415 20525 20635
825.5MHz 836.5MHz 847.5MHz
1 0 24.76 24.51 24.44
1 7 24.43 24.01 24.41
1 14 23.66 23.73 24.11
QPSK 8 0 24.23 24.03 23.92
8 4 24.01 24.11 23.36
8 7 23.55 22.97 23.27
15 0 23.58 23.09 23.33
3MHz

1 0 23.81 23.47 23.46
1 7 23.41 23.08 23.29
1 15 22.65 22.66 22.91
16QAM 8 0 23.29 22.95 22.68
8 4 22.94 23.18 22.43
8 7 22.46 21.99 22.19
15 0 21.33 21.78 21.19

Bandwidth Mode RB Size | RB Offset Actual output power(dBm)
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Channel Channel Channel
20425 20525 20625
826.5MHz 836.5MHz 846.5MHz
1 0 24.57 24.13 24.23
1 12 24.70 24.53 24.44
1 24 24.69 23.81 24.14
QPSK 12 0 24.34 23.95 23.90
12 6 24.08 24.03 23.35
12 13 23.60 23.97 23.26
5MHz 25 0 23.61 23.31 23.37
1 0 23.59 23.10 23.21
1 12 23.68 23.60 23.33
1 24 23.66 22.75 22.94
16QAM 12 0 23.40 22.87 22.66
12 6 23.01 23.09 22.42
12 13 2251 22.99 22.19
25 0 22.53 22.27 22.36
Actual output power(dBm)
Bandwidth | Mode | RBSize | RB Offset Channel Channel Channel
20450 20525 20600
829MHz 836.5MHz 844MHz
1 0 24.59 24.39 24.76
1 24 24.83 24.56 24.76
1 49 24.26 24.59 24.11
QPSK 25 0 24.55 24.34 24.32
25 12 24.26 24.14 24.25
25 25 23.95 23.81 23.24
50 0 23.51 23.93 23.36
10MHz
1 0 23.60 23.38 23.88
1 24 23.89 23.56 23.74
1 49 23.15 23.53 22.98
16QAM 25 0 23.61 23.26 23.33
25 12 23.19 23.09 23.32
25 25 22.96 22.83 22.13
50 0 22.48 22.89 22.34
Band2
Actual output power(dBm)
Bandwidth | Mode | RBSize | RB Offset Channel Channel Channel
18625 18900 19175
1852.5MHz 1880MHz 1907.5MHz
5MHz QPSK 1 0 23.84 23.96 24.44
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1 12 23.83 23.92 24.58
1 24 23.79 23.89 24.24
12 0 23.57 23.74 24.11
12 6 22.69 22.87 23.33
12 13 22.69 22.80 22.89
25 0 22.79 22.98 23.25
1 0 22.97 22.92 23.49
1 12 22.81 22.93 23.36
1 24 22.80 22.82 23.11
16QAM 12 0 21.93 21.61 22.33
12 6 21.62 21.84 22.40
12 13 21.71 21.82 21.66
25 0 21.69 21.77 22.33
Actual output power(dBm)
Bandwidth | Mode | RBSize | RB Offset Channel Channel Channel
18650 18900 19150
1855MHz 1880MHz 1905MHz
1 0 24.34 24.42 24.56
1 24 24.57 24.69 24.89
1 49 23.89 24.22 24.24
QPSK 25 0 23.97 24.19 24.48
25 12 23.64 23.84 24.31
25 25 23.73 23.91 24.02
50 0 23.60 23.89 24.22
10MHz
1 0 23.37 23.38 23.58
1 24 23.55 23.73 23.70
1 49 22.88 23.15 23.04
16QAM 25 0 22.68 22.85 23.23
25 12 22.59 22.91 23.38
25 25 22.64 22.94 22.94
50 0 22.49 22.83 23.07
Actual output power(dBm)
Bandwidth | Mode | RBSize | RB Offset Channel Channel Channel
18675 18900 19125
1857.5MHz 1880MHz 1902.5MHz
1 0 23.96 24.03 24.41
1 37 23.82 23.95 24.51
1 74 23.70 23.91 24.32
15MHz QPSK 36 0 22.93 23.18 23.52
36 19 22.64 23.01 23.41
36 38 22.94 23.11 23.43
75 0 22.68 23.13 23.38
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1 0 23.01 23.01 23.44
1 37 22.81 23.02 23.46
1 74 22.69 22.85 23.12
16QAM 36 0 22.10 22.02 21.92
36 19 22.03 22.26 22.48
36 38 21.96 22.13 22.35
75 0 21.78 22.09 22.36
Actual output power(dBm)
Bandwidth Mode RB Size | RB Offset Channel Channel Channel
18700 18900 19100
1860MHz 1880MHz 1900MHz
1 0 24.10 24.10 24.26
1 50 23.95 24.25 24.82
1 99 24.23 24.15 24.35
QPSK 50 0 22.89 23.20 23.48
50 25 23.05 22.99 23.19
50 50 22.80 23.10 23.48
20MHz 100 0 22.83 23.16 23.40
1 0 23.14 23.06 23.28
1 50 22.73 23.21 23.40
1 99 23.32 23.08 23.17
16QAM 50 0 21.95 22.13 22.24
50 25 21.98 22.06 22.44
50 50 21.72 22.12 22.50
100 0 21.73 22.31 22.37
Actual output power(dBm)
Bandwidth Mode RB Size | RB Offset Channel Channel Channel
18615 18900 19185
1851.5MHz 1880MHz 1908.5MHz
1 0 23.80 23.89 24.13
1 8 23.84 24.01 24.67
1 14 23.77 23.76 24.04
QPSK 8 0 22.98 23.17 23.44
8 4 22.75 22.86 23.32
8 7 22.75 22.95 23.30
3MHz 15 0 22.66 22.82 23.18
1 0 22.76 22.88 23.25
1 8 22.72 22.92 23.23
1 15 22.66 22.69 23.01
16QAM
8 0 21.64 21.79 22.45
8 4 21.58 21.73 22.39
8 7 21.67 21.77 22.18
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15 0 21.46 2178 | 2216
Actual output power(dBm)
Bandwidth | Mode | RBSize | RB Offset Channel Channel Channel
18607 18900 19193
1850.7MHz 1880MHz 1909.3MHz
1 0 23.85 23.89 24.15
1 3 24.06 24.22 24.41
1 5 23.98 23.97 24.20
QPSK 3 0 22.89 22.95 23.19
3 1 22.88 22.97 23.16
3 3 22.55 22.78 23.05
1.AMHz 6 0 22.62 22.87 23.15
1 0 21.78 21.88 23.17
1 3 22.54 22.81 23.39
1 5 22.79 22.63 23.12
16QAM 3 0 21.77 21.67 22.20
3 1 21.51 21.64 22.15
3 3 21.57 21.81 22.03
6 0 21.33 21.50 22.13
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12.Simultaneous TX SAR Considerations

12.1.Introduction

The following procedures adopted from “FCC SAR Considerations for Cell Phones with Multiple
Transmitters” are applicable to handsets with built-in unlicensed transmitters such as 802.11 a/b/g
and Bluetooth devices which may simultaneously transmit with the licensed transmitter.

For this device, the BT and Wi-Fi can transmit simultaneous with other transmitters.

12.2. Transmit Antenna Separation Distances
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Picture 12.1 Antenna Locations
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12.3. SAR Measurement Positions

According to the KDB941225 D06 Hot Spot SAR v01, the edges with less than 2.5 cm distance to
the antennas need to be tested for SAR.

SAR Measurement Positions

Upper
Antenna Mode | Phantom | Ground Left Right Top Bottom R[iagpht
Main Yes Yes Yes Yes Yes Yes Yes
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13.Evaluation of Simultaneous

Tablel3.1 Simultaneous transmission SAR

Simultaneous Transmission SAR(W/Kg)
Test Position LTE LTE WIFI-1 WIFI-2 WIFI SUM
Band 5 | Band 2 MIMO
Phantom Side 0.614 1.32 0.24 0.02 0.01
Ground Side 0.542 0.883 0.13 0.00 0.00 1.01
Left Side 0.188 0.587 0.03 0.00 N/A 0.617
Body | Right Side 0.126 0.116 0.02 0.03 N/A 0.146
Top Side 0.0355 1.29 0.14 0.00 N/A 1.43
Bottom Side 0.309 0.267 0.02 0.00 N/A 0.329
Upper Right Side 0.035 0.089 0.04 0.01 N/A 0.129

According to the conducted power measurement result, we can draw the conclusion that:

stand-alone SAR for WiFi should be performed. Then, simultaneous transmission SAR for WiFi/BT
is considered with measurement results of GSM/WCDMA and WiFi/BT. According to the above
table, the sum of reported SAR values for GSM/WCDMA and WiFi<1.6W/kg. So the simultaneous

transmission SAR isnot required for WiFi/BT transmitter.

Remark: Original wifi test results are obtained from the CTTL report and the test report No. is

115240884-SEM02_SAR_Rev0
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14. SAR Test Result
14.1. SAR results for Fast SAR

Table 14.1: Duty Cycle

Duty Cycle

LTE | 1:1

Table 14.2: SAR Values (LTE Band 2-Body)

Maximum Measured
Frequency _ . Measured | Reported | Power
Test Figure allowed average Scaling ]
Mode » SAR(19) SAR(19) Drift
MH ch Position No. Power power factor
z : (Wikg) (Wikg) (dB)
(dBm) (dBm)
1RB
1905 19150 Phantom Fig.1 25.0 24.89 1.026 1.29 1.32 -0.15
24 offset
1RB
1880 18900 Phantom / 25.0 24.69 1.074 111 1.19 0.14
24 offset
1RB
1855 18650 Phantom / 25.0 24.57 1.104 0.983 1.09 0.14
24 offset
1RB
1905 19150 Ground / 25.0 24.89 1.026 0.861 0.883 -0.02
24 offset
1RB
1880 18900 Ground / 25.0 24.69 1.074 0.787 0.845 0.13
24 offset
1RB
1855 18650 Ground / 25.0 24.57 1.104 0.685 0.756 0.12
24 offset
1RB
1905 19150 Left / 25.0 24.89 1.026 0.572 0.587 0.12
24 offset
1RB )
1905 19150 Right / 25.0 24.89 1.026 0.113 0.116 -0.03
24 offset
1RB
1905 19150 Bottom / 25.0 24.89 1.026 0.260 0.267 0.02
24 offset
1RB
1905 19150 Top / 25.0 24.89 1.026 1.26 1.29 0.11
24 offset
1RB Upper
1905 19150 ) / 25.0 24.89 1.026 0.078 0.089 -0.02
24 offset right
1RB
1880 18900 Top / 25.0 24.69 1.074 1.17 1.26 0.09
24 offset
1RB
1855 18650 Top / 25.0 24.57 1.104 1.01 1.12 -0.01
24 offset
25RB
1905 19150 Phantom / 25.0 24.48 1.127 0.992 112 0.02
0 offset
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25RB
1880 18900 Phantom / 25.0 24.19 1.205 0.811 0.977 -0.04
0 offset
25RB
1855 18650 Phantom / 25.0 23.97 1.268 0.733 0.929 0.12
0 offset
25RB
1905 19150 Ground / 25.0 24.48 1.127 0.774 0.872 -0.12
0 offset
25RB
1905 19150 Left / 25.0 24.48 1.127 0.457 0.515 0.08
0 offset
25RB
1905 19150 Right / 25.0 24.48 1.127 0.0851 0.096 -0.02
0 offset
25RB
1905 19150 Bottom / 25.0 24.48 1.127 0.211 0.238 0.04
0 offset
25RB
1905 19150 Top / 25.0 24.48 1.127 0.944 1.06 -0.12
0 offset
25RB Upper
1905 19150 ) / 25.0 24.48 1.127 0.077 0.087 0.13
0 offset right
25RB
1880 | 18900 Top / 25.0 24.19 1.205 0.801 0.965 0.17
0 offset
25RB
1855 | 18650 Top / 25.0 23.97 1.268 0.725 0.919 -0.03
0 offset
50 RB
1905 19150 Phantom / 25.0 24.22 1.197 0.965 1.15 -0.07
0 offset
50 RB
1880 | 18900 Phantom / 25.0 23.89 1.291 0.803 1.04 -0.13
0 offset
50 RB
1855 18650 Phantom / 25.0 23.60 1.380 0.717 0.990 0.04
0 offset
Note: The distance between the EUT and the phantom bottom is 10mm.
Note: The LTE mode is QPSK_10MHz.
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Table 14.3: SAR Values (LTE Band 5-Body)
Maximum Measured
Frequency . ) Measured | Reported | Power
Test Figure allowed average Scaling ]
Mode . SAR(19) SAR(1g) Drift
MH ch Position No. Power power factor
z : (Wikg) (Wikg) (dB)
(dBm) (dBm)
1RB
829 20450 Phantom Fig.2 25.0 24.83 1.04 0.614 0.639 0.07
24 offset
1RB
829 20450 Ground / 25.0 24.83 1.04 0.542 0.564 -0.02
24 offset
1RB
829 20450 Left / 25.0 24.83 1.04 0.188 0.196 -0.01
24 offset
1RB _
829 20450 Right / 25.0 24.83 1.04 0.126 0.131 0.06
24 offset
1RB
829 20450 Bottom / 25.0 24.83 1.04 0.309 0.321 0.12
24 offset
1RB
829 20450 Top / 25.0 24.83 1.04 0.0355 0.0369 -0.14
24 offset
1RB Upper
829 20450 . / 25.0 24.83 1.04 0.0341 0.035 -0.11
24 offset right
25RB
829 20450 Phantom / 25.0 24.55 1.109 0.538 0.597 -0.17
0 offset
25RB
829 20450 Ground / 25.0 24.55 1.109 0.465 0.516 -0.01
0 offset
25RB
829 20450 Left / 25.0 24.55 1.109 0.159 0.176 0.05
0 offset
25RB _
829 20450 Right / 25.0 24.55 1.109 0.103 0.114 0.11
0 offset
25RB
829 20450 Bottom / 25.0 24.55 1.109 0.241 0.267 -0.18
0 offset
25RB
829 20450 Top / 25.0 24.55 1.109 0.029 0.032 0.07
0 offset
25RB Upper
829 20450 ) / 25.0 24.55 1.109 0.0269 0.030 -0.19
0 offset right
Note: The distance between the EUT and the phantom bottom is 10mm.
Note: The LTE mode is QPSK_10MHz.
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14.2. SAR results for Standard procedure
There is zoom scan measurement to be added for the highest measured SAR in each exposure

configuration/band.
Table 14.4: SAR Values (LTE Band 5-Body)
Maximum Measured
Frequency . ) Measured | Reported | Power
Test Figure allowed average Scaling ]
Mode . SAR(19) SAR(19) Drift
MH ch Position No. Power power factor
z : (Wikg) (Wikg) (dB)
(dBm) (dBm)
1RB
829 20450 Phantom Fig.2 25.0 24.83 1.04 0.614 0.639 0.07
24 offset
Table 14.5: SAR Values (LTE Band 2-Body)
Maximum Measured
Frequency _ ) Measured | Reported | Power
Test Figure allowed average Scaling )
Mode » SAR(19) SAR(19) Drift
MH ch Position No. Power power factor
z : (Wikg) (Wikg) (dB)
(dBm) (dBm)
1RB ,
1905 | 19150 Phantom Fig.1 25.0 24.89 1.026 1.29 1.32 -0.15
24 offset
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15. SAR Measurement Variability

SAR measurement variability must be assessed for each frequency band, which is determined by
the SARprobe calibration point and tissue-equivalent medium used for the device measurements.
When both headand body tissue-equivalent media are required for SAR measurements in a
frequency band, the variabilitymeasurement procedures should be applied to the tissue medium
with the highest measured SAR, usingthe highest measured SAR configuration for that
tissue-equivalent medium.
The following procedures are applied to determine if repeatedmeasurements are required.
1) Repeated measurement is not required when the original highest measured SAR is < 0.80 W/kg;

steps2) through 4) do not apply.

2) When the original highest measured SAR is = 0.80 W/kg, repeat that measurement once.

3) Perform a second repeated measurement only if the ratio of largest to smallest SAR for the

originaland first repeated measurements is > 1.20 or when the original or repeated measurement
is 2 1.45W/kg (~ 10% from the 1-g SAR limit).
4) Perform a third repeated measurement only if the original, first or second repeated

measurement is 21.5 W/kg and the ratio of largest to smallest SAR for the original, first and

second repeatedmeasurements is > 1.20.

Table 15.1: SAR Measurement Variability for Body Value (19)

Frequency . First
i Original Reported
Mode(number Test Spacing SAR Repeated SAR(Lg)( The
MHz Ch. of timeslots) | Position (mm) SAR . Ratio
(W/kQg) W/kQg)
(Wikg)
1RB
1905 19150 Phantom 10 1.29 1.29 1.32 1.00
24 offset
1RB
1880 18900 Phantom 10 1.11 1.09 1.17 1.02
24 offset
1RB
1855 18650 Phantom 10 0.983 0.971 1.07 1.01
24 offset
1RB
1905 | 19150 Ground 10 0.861 0.834 0.855 1.03
24 offset
1RB
1880 | 18900 Ground 10 0.787 0.727 0.781 1.08
24 offset
1RB
1905 19150 Top 10 1.26 1.21 1.24 1.04
24 offset
1RB
1880 18900 Top 10 1.17 1.16 1.25 1.01
24 offset
1RB
1855 | 18650 Top 10 1.01 0.978 1.08 1.03
24 offset
25RB
1905 19150 Phantom 10 0.992 0.934 1.05 1.06
0 offset
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25RB
1880 18900 Phantom 10 0.811 0.797 0.960 1.02
0 offset
25RB
1855 18650 Phantom 10 0.733 0.685 0.868 1.07
0 offset
25RB
1905 19150 Ground 10 0.774 0.772 0.870 1.00
0 offset
25RB
1905 19150 Top 10 0.944 0.897 1.01 1.05
0 offset
25RB
1880 18900 Top 10 0.801 0.799 0.963 1.00
0 offset
25RB
1855 18650 Top 10 0.725 0.718 0.910 1.01
0 offset
50 RB
1905 19150 Phantom 10 0.965 0.934 1.12 1.03
0 offset
50 RB
1880 18900 Phantom 10 0.803 0.800 1.03 1.00
0 offset
50 RB
1855 18650 Phantom 10 0.717 0.678 0.936 1.06
0 offset

Note: According to the KDB 865664 D01, repeated measurement is not required when the original
highest measured SAR is < 0.8 W/kg.
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16. Measurement Uncertainty

Error Description Unc. Prob. | Div. | ¢ Gi Std.Unc | Std.Unc | V;
value, Dist. 1g 10g . . Veff
+% +%,19g +%,10g

Measurement System

Probe Calibration 6.0 N 1 1 1 6.0 6.0 o]

Axial Isotropy 0.5 R V3 | 0.7 0.7 0.2 0.2 co

Hemispherical Isotropy 2.6 R V3 | 0.7 0.7 1.1 1.1 oo

Boundary Effects 0.8 R V3|1 1 0.5 0.5 00

Linearity 0.6 R V3|1 1 0.3 0.3 o0

System Detection Limits 1.0 R V3|1 1 0.6 0.6 0

Readout Electronics 0.7 N 1 1 1 0.7 0.7 o)

Response Time 0 R N 1 0 0 %)

Integration Time 2.6 R N 1 1.5 1.5 %)

RF Ambient Noise 3.0 R 3 1 1 1.7 1.7 oo

RF Ambient Reflections 3.0 R V3|1 1 1.7 1.7 co

Probe Positioner 1.5 R V3|1 1 0.9 0.9 co

Probe Positioning 2.9 R N 1 1.7 1.7 co

Max. SAR Eval. 1.0 R NEEI! 1 0.6 0.6 o

Test Sample Related

Device Positioning 2.9 N 1 1 1 2.9 2.9 145

Device Holder 3.6 1 1 1 3.6 3.6 5

Diople

Power Drift 5.0 R V3|1 1 2.9 2.9 0

Dipole Positioning 2.0 N 1 1 1 2.0 2.0 oo

Dipole Input Power 5.0 N 1 1 1 5.0 5.0 00

Phantom and Setup

Phantom Uncertainty 4.0 R V3|1 1 2.3 2.3 o0

Liquid Conductivity 5.0 R V3 | 0.64 | 043 |1.8 1.2 o0

(target)

Liquid Conductivity 2.5 N 1 0.64 | 043 | 1.6 1.1 o]

(meas.)

Liquid Permittivity (target) | 5.0 R V3 0.6 0.49 | 1.7 1.4 co

Liquid Permittivity (meas.) | 2.5 N 1 0.6 0.49 | 1.5 1.2 o0

Combined Std +11.2% | £10.9% | 387

Uncertainty

Expanded Std +22.4 +21.8

Uncertainty % %
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17.Main Test Instrument

Table 17.1: List of Main Instruments

No. Name Type Serial Number Calibration Date Valid Period
01 | Network analyzer N5242A MY51221755 Jan 19, 2015 One year
02 | Power meter NRVD 102257
Jul 07, 2014 One year
03 Power sensor NRV-Z5 100644,100241
04 | Signal Generator E4438C MY49072044 Jan 19, 2015 One Year
05 | Amplifier NTWPA-0086010F | 12023024 No Calibration Requested
06 | Coupler 778D MY48220551 Jul 25, 2014 One year
07 | BTS E5515C MY50266468 Jan 19, 2015 One year
08 | E-field Probe ES3DV3 3252 Nov 04, 2014 One year
09 | DAE SPEAG DAE4 1244 Oct 14, 2014 One year
10 | Dipole Validation Kit | SPEAG D835V2 4d112 Nov 04, 2014 One year
11 | Dipole Validation Kit | SPEAG D1900V2 5d134 Nov 05, 2014 One year
12 | Dipole Validation Kit | SPEAG D2450V2 858 Nov 03, 2014 One year
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ANNEX A. GRAPH RESULTS

LTE Band 2 10MHz 1RB 24offset Phantom Mode High

Date/Time: 2015/5/9

Electronics: DAE4 Sn1244

Medium: Body 1900MHz

Medium parameters used: f = 1905 MHz; ¢ = 1.529 S/m; ¢, = 53.21; p = 1000 kg/m®
Ambient Temperature:22.5<C Liquid Temperature:22.5<C

Communication System: LTE Band 2 Professional 1800MHz; Frequency: 1905 MHz; Duty
Cycle: 1:1

Probe: ES3DV3 - SN3252ConvF(4.71, 4.71, 4.71);

LTE Band 2 10MHz 1RB 24offset Phantom Mode High/Area Scan (71x71x1):
Measurement grid: dx=10 mm, dy=10 mm

Maximum value of SAR  (Measurement) = 1.40 W/kg

LTE Band 2 10MHz 1RB 24offset Phantom Mode High /Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 11.48 VV/m; Power Drift = -0.15 dB

Peak SAR (extrapolated) = 2.23 W/kg

SAR(1 g) = 1.29 W/kg; SAR(10 g) = 0.746 W/kg

Maximum value of SAR  (measured) = 1.40 W/kg

Wikg
— 1.400

—1.125

0.850

0.575

0.300

0.025 X‘T

Fig.1-1 Body Toward Phantom GPRS 1900MHz CH19100
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1g/10g Averaged SAR
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Fig.1-2 Body Toward Phantom GPRS 1900MHz CH19100
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LTE Band 5 10MHz 1RB 24offset Phantom Mode Low

Date/Time: 2015/5/11

Electronics: DAE4 Sn1244

Medium: Body 850MHz

Medium parameters used: f= 829 MHz; 6 = 0.995 S/m; & = 55.141; p = 1000 kg/m3
Ambient Temperature:22.5<C Liquid Temperature:22.5<C

Communication System: LTE Band 5 Professional 850MHz; Frequency: 829 MHz; Duty
Cycle: 1:1

Probe: ES3DV3 - SN3252ConvF(6.27, 6.27, 6.27);

LTE Band 5 10MHz 1RB 24offset Phantom Mode Low/Area Scan (71x91x1):
Measurement grid: dx=10 mm, dy=10 mm

Maximum value of SAR  (Measurement) = 0.688 W/kg

LTE Band 5 10MHz 1RB 24offset Phantom Mode Low/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 23.28 VV/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 1.05 W/kg

SAR(1 g) = 0.614 W/kg; SAR(10 g) = 0.372 W/kg

Maximum value of SAR  (measured) = 0.657 W/kg

Wikg
— 0.657

—10.532

0.407

0.282

0.157

0.032 X‘T

Fig.2-1 Body Toward Phantom GPRS 1860MHz CH18700
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ANNEX B. SYSTEM VALIDATION RESULTS

835MHz-Body

Date/Time: 2015-5-11

Electronics: DAE4 Sn1244

Medium: Body 850MHz

Medium parameters used: f= 835 MHz; 6 = 0.999 S/m; & = 55.15; p = 1000 kg/m3
Ambient Temperature:22.5<C Liquid Temperature:22.5<C

Communication System: CW 850MHz; Frequency: 835 MHz; Duty Cycle: 1:1
Probe: ES3DV3 - SN3252ConvF(6.27, 6.27, 6.27);

System Validation/Area Scan (61x121x1): Measurement grid: dx=10 mm, dy=10 mm
Maximum value of SAR  (Measurement) = 2.77 W/kg

System Validation/Zoom Scan(7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm,
dz=5mm

Reference Value = 53.93 VV/m; Power Drift = 0.12 dB

Peak SAR (extrapolated) = 3.54 W/kg

SAR(1 g) = 2.42 W/Kkg; SAR(10 g) = 1.58 W/kg

Maximum value of SAR  (measured) = 2.80 W/kg

Wikg
— 2.799
—2.291
1.783
1.275
0.767
0.259 "‘T
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1900MHz

Date/Time: 2015-5-9

Electronics: DAE4 Sn1244

Medium: Body 1900MHz

Medium parameters used: f= 1900 MHz; 6 = 1.524 S/m; g, = 53.237; p = 1000 kg/m3
Ambient Temperature:22.5<C Liquid Temperature:22.5<C

Communication System: CW 1900MHz; Frequency: 1900 MHz; Duty Cycle: 1:1
Probe: ES3DV3 - SN3252ConvF(4.71, 4.71, 4.71);

System Validation/Area Scan (61x91x1): Measurement grid: dx=10 mm, dy=10 mm
Maximum value of SAR  (Measurement) = 14.0 W/kg

System Validation/Zoom Scan(7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm,
dz=5mm

Reference Value = 87.73 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 18.7 W/kg

SAR(1 g) = 10.3 W/kg; SAR(10 g) = 5.38 W/kg

Maximum value of SAR  (measured) = 13.1 W/kg

Wikg
—13.144

—{10.563

7.982

5.400

2.819

0.237 '
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ANNEX C. SAR Measurement Setup

C.1. Measurement Set-up
The DASYS5 system for performing compliance tests is illustrated above graphically. This system
consists of the following items:

o

Mo wamenl Sansr DASYS

"
am [ m d p—-
il &

Picture C.1 SAR Lab Test Measurement Set-up

® A standard high precision 6-axis robot (Staubli TX=RX family) with controller, teach pendant
and software. An arm extension for accommodating the data acquisition electronics (DAE).

® An isotropic field probe optimized and calibrated for the targeted measurement.

® A data acquisition electronics (DAE) which performs the signal amplification, signal
multiplexing, AD-conversion, offset measurements, mechanical surface detection, collision
detection, etc. The unit is battery powered with standard or rechargeable batteries. The signal
is optically transmitted to the EOC.

® The Electro-optical converter (EOC) performs the conversion from optical to electrical signals
for the digital communication to the DAE. To use optical surface detection, a special version of
the EOC is required. The EOC signal is transmitted to the measurement server.

® The function of the measurement server is to perform the time critical tasks such as signal
filtering, control of the robot operation and fast movement interrupts.

® The Light Beam used is for probe alignment. This improves the (absolute) accuracy of the
probe positioning.

® A computer running WinXP and the DASY5 software.

® Remote control and teach pendant as well as additional circuitry for robot safety such as

® warning lamps, etc.

® The phantom, the device holder and other accessories according to the targeted
measurement.
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C.2. DASY5 E-field Probe System

The SAR measurements were conducted with the dosimetric probe designed in the classical
triangular configuration and optimized for dosimetric evaluation. The probe is constructed using
the thick film technique; with printed resistive lines on ceramic substrates. The probe is equipped
with an optical multifiber line ending at the front of the probe tip. It is connected to the EOC box on
the robot arm and provides an automatic detection of the phantom surface. Half of the fibers are
connected to a pulsed infrared transmitter, the other half to a synchronized receiver. As the probe
approaches the surface, the reflection from the surface produces a coupling from the transmitting
to the receiving fibers. This reflection increases first during the approach, reaches maximum and
then decreases. If the probe is flatly touching the surface, the coupling is zero. The distance of the
coupling maximum to the surface is independent of the surface reflectivity and largely independent
of the surface to probe angle. The DASY5 software reads the reflection durning a software
approach and looks for the maximum using 2"%rd curve fitting. The approach is stopped at
reaching the maximum.

Probe Specifications:

Model: ES3DV3, EX3DV4
Frequency
Range: 700MHz — 2.6GHz(ES3DV3)
Calibration: In head and body simulating tissue at
Frequencies from 835 up to 2450MHz
Linearity: Picture C.2 Near-field Probe

+ 0.2 dB(700MHz — 2.0GHz) for ES3DV3
Dynamic Range: 10 mW/kg — 100W/kg
Probe Length: 330 mm
Probe Tip
Length: 20 mm
Body Diameter: 12 mm
Tip Diameter: 2.5 mm (3.9 mm for ES3DV3)
Tip-Center: 1 mm (2.0mm for ES3DV3)
Application:SAR Dosimetry Testing
Compliance tests of mobile phones
Dosimetry in strong gradient fields

Picture C.3 E-field Probe

C.3. E-field Probe Calibration

Each E-Probe/Probe Amplifier combination has unique calibration parameters. A TEM cell
calibration procedure is conducted to determine the proper amplifier settings to enter in the probe
parameters. The amplifier settings are determined for a given frequency by subjecting the probe to
a known E-field density (1 mW/cm?) using an RF Signal generator, TEM cell, and RF Power Meter.

The free space E-field from amplified probe outputs is determined in a test chamber. This
calibration can be performed in a TEM cell if the frequency is below 1 GHz and inn a waveguide or
other methodologies above 1 GHz for free space. For the free space calibration, the probe is
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placed in the volumetric center of the cavity and at the proper orientation with the field. The probe
is then rotated 360 degrees until the three channels show the maximum reading. The power
density readings equates to 1 mW/ cm?.
E-field temperature correlation calibration is performed in a flat phantom filled with the appropriate
simulated brain tissue. The E-field in the medium correlates with the temperature rise in the
dielectric medium. For temperature correlation calibration a RF transparent thermistor-based
temperature probe is used in conjunction with the E-field probe.
SAR=C £

At
Where:
At = Exposure time (30 seconds),
C = Heat capacity of tissue (brain or muscle),
AT = Temperature increase due to RF exposure.

E -0

yo)

SAR =

Where:
o = Simulated tissue conductivity,
p = Tissue density (kg/m®).

C.4. Other Test Equipment

C.4.1. Data Acquisition Electronics(DAE)

The data acquisition electronics consist 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 with a control logic unit. Transmission to the measurement server is accomplished
through an optical downlink for data and status information, as well as an optical uplink for
commands and the clock.

The mechanical probe mounting device includes two different sensor systems for frontal and
sideways probe contacts. They are used for mechanical surface detection and probe collision
detection.

The input impedance of the DAE is 200 MOhm; the inputs are symmetrical and floating. Common
mode rejection is above 80 dB.

PictureC.4: DAE
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C.4.2. Robot

The SPEAG DASY system uses the high precision robots (DASY5: RX90L) type from Staubli SA
(France). For the 6-axis controller system, the robot controller version from Staubli is used. The
Staubli robot series have many features that are important for our application:

» High precision (repeatability 0.02mm)

High reliability (industrial design)

Low maintenance costs (virtually maintenance free due to direct drive gears; no belt drives)
Jerk-free straight movements (brushless synchron motors; no stepper motors)

Low ELF interference (motor control fields shielded via the closed metallic construction
shields)

Y V V V

Picture C.5 DASY 5

C.4.3. Measurement Server

The Measurement server is based on a PC/104 CPU broad with CPU (DASY5: 400 MHz, Intel
Celeron), chipdisk (DASY5: 128MB), RAM (DASY5: 128MB). The necessary circuits for
communication with the DAE electronic box, as well as the 16 bit AD converter system for optical
detection and digital I/O interface are contained on the DASY I/O broad, which is directly
connected to the PC/104 bus of the CPU broad.

The measurement server performs all real-time data evaluation of field measurements and surface
detection, controls robot movements and handles safety operation. The PC operating system
cannot interfere with these time critical processes. All connections are supervised by a watchdog,
and disconnection of any of the cables to the measurement server will automatically disarm the
robot and disable all program-controlled robot movements. Furthermore, the measurement server
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is equipped with an expansion port which is reserved for future applications. Please note that this
expansion port does not have a standardized pinout, and therefore only devices provided by
SPEAG can be connected. Devices from any other supplier could seriously damage the
measurement server.

Picture C.6 Server for DASY 5

C.4.4. Device Holder for Phantom

The SAR in the phantom is approximately inversely proportional to the square of the distance
between the source and the liquid surface. For a source at 5mm distance, a positioning
uncertainty of £0.5mm would produce a SAR uncertainty of £20%. Accurate device positioning is
therefore crucial for accurate and repeatable measurements. The positions in which the devices
must be measured are defined by the standards.

The DASY device holder is designed to cope with the different positions given in the standard. It
has two scales for device rotation (with respect to the body axis) and device inclination (with
respect to the line between the ear reference points). The rotation centers for both scales is the
ear reference point (ERP). Thus the device needs no repositioning when changing the angles.
The DASY device holder is constructed of low-loss

POM material having the following dielectric

parameters: relative permittivity & =3 and loss tangent ¢ =0.02. The amount of dielectric
material has been reduced in the closest vicinity of the device, since measurements have
suggested that the influence of the clamp on the test results could thus be lowered.

<Laptop Extension Kit>

The extension is lightweight and made of POM, acrylic glass and foam. It fits easily on the upper
part of the Mounting Device in place of the phone positioner. The extension is fully compatible with
the Twin-SAM and ELI phantoms.

Picture C.7: Device Holder Picture C.8: Laptop Extension Kit
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C.4.5. Phantom

The SAM Twin Phantom V4.0 is constructed of a fiberglass shell integrated in a table. The shape
of the shell is based on data from an anatomical study designed to

Represent the 90" percentile of the population. The phantom enables the dissymmetric evaluation
of SAR for both left and right handed handset usage, as well as body-worn usage using the flat
phantom region. Reference markings on the Phantom allow the complete setup of all predefined
phantom positions and measurement grids by manually teaching three points in the robot. The
shell phantom has a 2mm shell thickness (except the ear region where shell thickness increases
to 6 mm).

Shell Thickness: 2 +0.2 mm

Filling Volume:  Approx. 25 liters

Dimensions: 810 x 1000 x 500 mm (H x L x W)

Available: Special

Picture C.9: SAM Twin Phantom
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ANNEX D. Position of the wireless device in relation to the

phantom

D.1. General considerations
This standard specifies two handset test positions against the head phantom — the “cheek”
position and the “tilt” position.

Vertical Vertica_l
Center Line Center Line
|2 _ w2 | w2
wi 24,'{,'% Horizontal | las!
: Line ' '
1
—/Hori/zontal /
Line A Acoustic

Output

Acoustic Bottomof mw
Output Handset B
Bottom of
/ Handset
W, Width of the handset at the level of the acoustic
W, Width of the bottom of the handset
A Midpoint of the width w, of the handset at the level of the acoustic output
B Midpoint of the width w,of the bottom of the handset

Picture D.1-a Typical “fixed” case handset Picture D.1-b Typical “clam-shell” case
handset

RE

Picture D.2 Cheek position of the wireless device on the left side of SAM
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Picture D.3 Tilt position of the wireless device on the left side of SAM

D.2. Body-worn device

A typical example of a body-worn device is a mobile phone, wireless enabled PDA or other battery
operated wireless device with the ability to transmit while mounted on a person’s body using a
carry accessory approved by the wireless device manufacturer.

Picture D.4Test positions for body-worn devices

D.3. Desktop device

A typical example of a desktop device is a wireless enabled desktop computer placed on a table or
desk when used.

The DUT shall be positioned at the distance and in the orientation to the phantom that
corresponds to the intended use as specified by the manufacturer in the user instructions. For
devices that employ an external antenna with variable positions, tests shall be performed for all
antenna positions specified. Picture 8.5 show positions for desktop device SAR tests. If the
intended use is not specified, the device shall be tested directly against the flat phantom.
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Picture D.5 Test positions for desktop devices
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D.4. DUT Setup Photos

Picture D.6 DSY5 system Set-up

Note:
The photos of test sample and test positions show in additional document.
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ANNEX E. Equivalent Media Recipes

The liquid used for the frequency range of 800-3000 MHz consisted of water, sugar, salt, preventol,
glycol monobutyl and Cellulose. The liquid has been previously proven to be suited for worst-case.
The Table E.1 shows the detail solution. It's satisfying the latest tissue dielectric parameters
requirements proposed by the IEEE 1528 and IEC 62209.

Table E.1: Composition of the Tissue Equivalent Matter

Frequency (MH2) 835 835 1900 1900 2450 2450
Head Body Head Body Head Body
Ingredients (% by weight)
Water 41.45 525 55.242 69.91 58.79 72.60
Sugar 56.0 45.0 \ \ \ \
Salt 1.45 14 0.306 0.13 0.06 0.18
Preventol 0.1 0.1 \ \ \ \
Cellulose 1.0 1.0 \ \ \ \
Glycol Monobutyl \ \ 44.452 29.96 41.15 27.22
Dielectric =415 | =552 | €=400 | e=53.3 | €=39.2 | =527
Parameters
0=0.90 0=0.97 0=1.40 0=1.52 0=1.80 0=1.95
Target Value
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ANNEX F.

System Validation

The SAR system must be validated against its performance specifications before it is deployed.
WhenSAR probes, system components or software are changed, upgraded or recalibrated, these
must bevalidated with the SAR system(s) that operates with such components.

Table F.1: System Validation Part 1

System . Validation Frequency | Permittivity | Conductivity
Probe SN. Liquid name .

No. date point € o (S/m)
1 3252 Head 835MHz | Nov 15,2014 835MHz 41.03 0.932
2 3252 Head 1900MHz | Nov 15,2014 | 1900MHz 39.72 1.408
3 3754 Head 2450MHz | Nov 15,2014 | 2450MHz 39.02 1.789
4 3252 Body 835MHz Nov 15,2014 835MHz 55.11 0.981
5 3252 Body 1900MHz | Nov 15,2014 | 1900MHz 53.35 1.531
6 3754 Body 2450MHz | Nov 15,2014 | 2450MHz 53.97 1.950

Table F.2: System Validation Part 2

Sensitivity PASS PASS

cw Probe li it PASS PASS
Validation robe finearity

Probe Isotropy PASS PASS

MOD.type GMSK GMSK

Mod MOD.type OFDM OFDM

Validation Duty factor PASS PASS

PAR PASS PASS
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ANNEX G. Probe and DAE Calibration Certificate

*  In Collsboresion with A,
CALIBRATION LABORATORY %

Add o $1 Nuoysen Reed, Holdien Distwicy, Beijieg, 06191, Chin *
Tel: -+ 8| 1623045332079 Fiut; +8- 1 (-621M00 5254 ffral-ﬂ“ muaﬂamu
Eemal cttlidictinanlzon Hnptwess shinait] gn

Client . ECIT mmn:mm zu-wm i

Ctget CHAES - SH: 1244 i
Calbration Procedures) TMC-0S-E-01-168

Callbraion Procedure for the Data Acquisiion Eleciranics

{DAEx)
Callbration dale: Oclober 14, 2014

This calibration Certdcate documenls e iracsabilty to nalional standards, which raalza tha chyaical units of i
magsuraments{S. The maasuremants and the uncertainties with confidence probability are given an the fallowing |
pages and ae par of the cerdificats

All caliorations have been conducled in fhe clased laboratory faclity: envirenment temparaturgzze3ic and i
PouFmicEty= T, E

Calibration Equipment usad (MATE critical for calibration)

Primary Stendsrds | D Cal Disde{Calibrated by, Cartificata Mo Scheduled Calibration

|
Procass Calibratar 753 | 197118 01-July-14 (CTTL, Now 14%02147) duly-16

|

Hama Function Signature |

Calibrabed by: YuZoaghg  SAR TestEngineer % '
Fesiewed by, &l Dinyuan SAR Prajoct Leader .
Approved by Lu Bingsong Dieputy Direclar of e laboralony i

|z iad: beaf 15 2014
This calibration cedificate shall not be reproducad excepl in full without writken apareval af the labaratany. |

Cerlilicale Mo Z14-97119 Pags 1 of's
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A E | iscration with
LTl epe s
CALIBRATION LABDRATORY
A KeS Xuspaen o, Heedian Destrics, Beljlsg 0191, China
Tiel: # 8- 1062 NME1E- 20 Ftr +86 10-AI308463 31504
E-mail: cilliischinailoom BB Vi chi L
Glossary:
DAE data acquisition electronics
Connector angle information usad in DASY system to align probe sensor X
to the robot coordinate system.
Methods Applied and Interpretation of Parameters:
«  DOC Voltage Messurement: Calibration Factor assessad for use in DASY
system by comparison with a calibrated instrumant traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range,
« Connector angle: The angle of the connactor is assessed measuring the
angle mechanically by a tool inserted. Uncertainty is not required.
» The repart provide only calibration results for DAE, it does not contain other
perfarmance test results.
Cenifleats Mot 21497119 Page 2 0f 1
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" in Collaborntion wid
TTI s p e a g
CALIBRATICN LABDRATORY

Akl Me 51 Xucyuan Rosd, Haidiae District, Beljing 100191, Chlm

Til; #8161 30451 3. 2009 Fasc: +HB6- 106230863 1-1504
E-mail: exkfchinam com Hop e, chiestl o
DC Voltage Measurement
AID - Correarler Resclulion naminal
High Fange: LGSR = iy, full rmrgs = 160, =300 W
Low Rangs 1LEE = Bin, full mnge = A, 3y

DaEY maasuremant parsmalara: Auto Zeeo Tiena: 3 sec; Measuring fime; 3 sec

If.l.l]hrlliun Factors X Y i Z

High Range i A0G BTE £10.15% (k=2] | 40060 £ 0 16% (k=2}

Low Range 185041 +0.T% (k=2) | 387104 £ 07% (k=2}

Connector Angle

404, 5804+ D15% (k=2)

4.01632 + 0.7% [k=32)

Eﬁnmbar.lnghhhnmadnm‘f:,ﬂrn | 45711 " |
Comificass Mo 1497119 Page 3 af
East China Institute of Telecommunications Page Number 163 0f 92
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77 ST &
CALIBRATION LARDRATORT
e e TN o

Brrresl; criigichinnt .com Hulptwrchinaglo
Clisnt ECIT Certificate

Ot ESI0V3 - BM:3252

Caliration Procediiees) TS EA8

CalBralion Procsdures for Dosimatric E-flald Probes

Calbration date: November 04, 2014

This calbration Certificate dosuments the fraceabilty to national standards, which realize the physical wits of
measuremants{Sl). The Maasuraments and the uncertainties with confidence probability are given on the folowing
pages and are part of the carlificate.

Ai calibrations have baen conducted in the closed labaratcey facility: anvironment lemparaluiezzesc and
humidity =711,

Calivrafion Equipment wsed (METE critical for calibration)

Primary Slandards ID#  Cal DateCalibrated oy, Carfficae No.) Scheduled Calbratien
Power Mater  NRPZ 101519 01-Juk- 14 (CTTL, Mo 1402146 Jun-15 )
Power sensor  NRF-ZE81 | 101547 01-Ju-14 (CTTL, Mo J14X03148) Jun-15 |
Power sensor  NRPLZRT | 101548 01-Juk-14 (CTTL. Mo 14X02148) Jun-15 !
Referancs 10dBAHenuaics | BTOS20 12-Dhec-12(TME Mo, JZ 12-567) [iac-14 !
Relerance2DdBAfienusor | BTI2ET 1Z-Dec-12(TMC. Mo, L2 12-866) Dac-14 | i
FReference Probe EX30V4 | SN 2517 2E-Aug-14(SPEAG N0 EX3-0617_Aug14)  Aug-15 i
[AE4 5M 133 23-Jan-14 (BPEAG, DAE4-1331_Jan14)  Jan-15 i
Sacondary Stendards [+F ] Gl Date(Calbraled by, Certificate Mo.)  Scheduled Callbration H
SignakanaratorMGIT00A | G201052606  O1-Jul-14 {CTTL, Mo 14X02145) Jun-15 H
Nabwark Analyzar ES071C | MY48110873 16-Fab-14 (TMC, MouZ14-781) Fab=15 i

Mame Function gnata i

Callbratad by: u Zengying SAR Teet Enginear %‘% |

Reviawed by: i Dianyuaan BAR Projact Lesdes TG

Approved by: Lu Bingsang Dieputy Dirctor of e aborory 1 N

iBauad: Movermber 05, 2014
This calibration cartficate shall ot be reproduced eocopt in fill without writhen spproval of the labaraton

Cerificate Mo: 21457118 Pagz1ef 11
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Glossary:
TSL

ﬁ i Cleaasesion wih

CALIBRATION LABDRATORY

Akd: Win 51 Xecyean Koo, Huldipn Digirict, Dejng, 141091, Chins
Tel: HiS- 10-A1BHATS- 10 Foge: B 10600 332504
E-maik etkZetmatil om Eitipstwenewch imntil o

tissue simulating liquid

MNORM:yz sengilivily in fres space
GorvF sanailiily in TEL f MORM:,y.2
DCP dipde comprassion paeint

CF

crast factor (1iduty_cycle) of the RF signal

ABCD modulalion dependant linserization parameters
Polarization & & rofation arcund probe axs

Polarization 8

8=0 is normal 1o probe axie

B redation araund an axis that is in the plane nomal bo probe axis (a1 measurament center), i

Connectar Angia  inforrnation vsed in DASY systam to align probe sensar X o the robel coordingte syabam

Calibration is Performad According to the Following Standards:

a) IEEE S 1528-2013, 9EEE Recommended Practice for Delermining the Peak Spafial-Averaged
Bpecific Absorption Rate (5AR) in the Hweman Head from VWirsless Communications Devices:
Megsureament Technigues™, June 2013

b IEC §2208-1, “Procedura 1o messure the Specifiic Absorplion Rale [SAR) for hand-held devices wsed
in dasae praxmity fo the ear (freguency ranga of 300MHz to 3GHz)", February 2005

Mathods Applied and Interpretation of Parameters:

NORMy 2. Assessed for E-field polarization B=0 (FSB00MHZ in TEM-call; = 1800MHz: weveguide).
NORMy y z arg only inlermediate valuas, i.e., the uncertainties of NORM:L Y,z does not affect the

£ -Aeld uncartainty inside TSL (see balow CormvF),

NOREY, 1z = NORM ) 2 frequency_respanss (see Frequency Response Charl), This
linearization is implemaentad in DASYY software versions ater than 4.2 The uncerairty af the
frequency reaponse is includad in the stated uncertainty of CorvF,

DGRy, yz: DEP are numerical lineanzalion parameders sssessed based on the data of powsr sweep
(no uncertainty requined). DCP does not depend on frequancy nor media.

PAR: PAR i the Peak to Average Ratio thad is not calibrated but determined based on the signal
charactenstica.

A2 By VR, y 28 B, C are numerical inearization parameders assessed based on e
dala of power sween for specific modulation signal. The parameders do not depend on freguency nor
meadia. VR is the meximum callbration range expressed in RMS vallage across the diode.

Canv and Bondary Effec! Peramsters. Assessad in flal phantom using E-Nald {or Temperalure
Transler Sandard for FSBI0MHEZ) ard insikde waveguida using analytical fisld districutions based an
powar maaswraments for f >800MHz. The same sefups are used for assassment of the parameters
applied for boundary compensabion (alpha, dapth) of which typical uncerlainty valued are givan.
These paramelers are uged in DASYS software to improve probe acourecy close 1o the boundary.
The sarskhity In TSL comesponds lo MORM:x,y,z* Com whareby the uncertainty comesponds to
that given for ConvF A frequancy dapendent ComvF |s usad in DASY version 4.4 and higher which
allows exdending e validity froma S0z o+ DMHz.

Spherical isofropy (30 devialion fam isalrapy), in a feld of low gradients realized wsing & flat
phantom ssxposed by & patch antenng.

Sengor Olfsel The sensor offset cormesponds to the offset of virwal messurement center rem the
probe tip (on probe asds). No toleranss required,

Comactor Angla- The angle is assessed using the infarmation gaired by delermining the MO
[ uncerainty requined),

Certiflcats Mo £14-97118 Poge zef 11
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Adet Mo 81 Muimyuer Road, Haidian Disrice, Baging. 100191, Chise
Ted: a6 I-RAMHAI 2070 Fus: 18- 1620652504
E-rrwil; ctilifickipsd com [Htip v chingiil on

Probe ES3DV3

SN: 3252

Calibrated: Movember 04, 2014
Calibrated for DASY/EASY Systems

{Maie: non-compatible with DASY2 systom!)

Cerfificab: Mo: Z14-57118 Page i af 11
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rj’:E_r In Eolisbomicn wits

CALIBRATION LABORATORT

Aukd B 5| Xumpom Road, Hnddin Tisirict, Bei|lng, 10191, Ching
Tel: R I-EIA0REEA-20T0 Py B DG ERG13-200
E-pnil: et Echiemit] oo s forwrmchinesd, oo

DASY - Parameters of Probe: ES3DV3 - SN: 3252

Basic Calibration Paramaters

. | semeorx Sensor ¥ SonsorZ | Unci(k=2)
| Norm{pvivimy’)* 129 136 1.33 +10.8%

CER w1l (1013 102.3

Modulation Calibration Parameters

[1]]a] [ Communication F'y B e a] T vﬁ | Une™
Syatem Name d2 | dBdpV | de my_ k=g
o oW X |00 oo 10 000 | 2818 | 422% |
v (oo oo 10 | 2040
z oo oed 10 2865

The reported uncertainty of measurement s slated as the standard uncertainty of
Measurement mulliplied by the coverage factor k=2, which for a nomal distribution
Corresponds o & coverage probabilty of approximately D5%.

* The uncertainties of Narm X, ¥, Z do nof affect the E*-fisld uncertainty Inside TEL {see Fage 5 and Pags 6],
B Mumerical linearization parameder; uncertaimty rat requinad.

EUncansinly |5 detarminsd using the max. devialion from lingal response apphying rectangular distibution
and i axpressad for the equare of the flsld valuea.

Certificate Mo: Z14-57118 PFage 4 of 11
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! b Colaburation it

T s pe a2 g

CALIBRATION LARDRATORY

Akl Ko 31 Xeeyeen Roud, Hulifn District, Beijing, [0, China
Teel: =B 1 2025053 5- 2079 P <351 DG1304 6132504
E-malt ciiligohinanl con s machinedt ) en

DASY - Parameters of Probe: ES3DV3 - SN: 3252

Calibration Parameter Determined in Head Tissue Simulating Media

R - .
£ MHz" ﬁm,]c‘”‘:;‘:f" BonvF X | ConvF ¥ | ConvFZ ..I.mlm" “:::: '[‘i"_';:
T80 419 | 088 G54 | 658 .56 066 | 114 | +12%
B35 415 | 0.80 E48 8,46 6,45 0,44 138 | 1%
00 41.5 0.97 20 620 | 620 | 025 | 182 [+12%
_1?59 40,1 1.37 524 524 5.24 0.60 1.3 £12%
1900 4l 140 | 488 4.88 485 | 047 | 156 | 212%
00 | =3a 148 | 50§ 5.08 605 | n4s | 152 [x12%
2300 8.6 1.67 4.78 478 478 | D.EB8 113 | £12%
| 2450 W2 1.80 4.48 4.46 448 | 080 | 110 | E12%
2600 380 1,06 428 4.28 428 [ og8 | 108 [ 1%

& Frequancy valifily of =1008Hz only applies for DASY w4 and higher (Pagae 2), alse 1 5 restriciad o +50MHL. The
uncartsinky is the RES of ConyF uncertainty at calbralion frequesncy ard the uncertainty for the indicsied frequancy band.
FN.PI'W.IBME balow 3 GHz, the vallty of lissue parameters (£ and o) can be relaked bo £10% it lguin compansation
farrula & applisd o messurad SAR valuss. At Iequencies abeve 3 GHz, the validity of issue parameters (£ and o) s
mesincted o 5%, The wacartainty is the RSS of the ComvF unceatainky for indicaled tangst tssue pammatens,

“ mipha'Depth are detemined during callbration, SPEAG wamants ha the remining deyiation dus o the Boundary
effect afier compensation is always less han z 1% for reouencies bekow 3 GHZ and below + 2% for e frequencies
between 36 GHz at any distance largar than half the probss tp diamebar rom the boundary.

Certificate Ba: 21497118 Pape s ol 11
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Tff, Ll_lil_l__._

Tl 16 106230643 3-2 078
B! enbRekiinml oom

DASY - Parameters of Probe: ES3DV3 - SN: 3252

CALIRRATION LARORATORY

Add: Mo 51 Nagyuan Real Haldien Dissict Raging. 120191, Chisn
Faz +Eai- IR MRT 2504
Tapiiwennchingiilm

Calibration Parameter Determined in Body Tissue Simulating Media

Cerlflens Koo 21497118

a
f [MiHz]" H?:m' “m':;hﬂ:;? ConvF X | ConvE Y | ComvF 2 | Alpha® u[::n“q 1":1::' |
750 54,5 0.96 8.25 BIE | BZ5 | 024 | 170 | 1% |
a3g B5.2 0.97 827 B.27 627 | D44 | 1852 |z12m
_ann 5.0 1.05 8.13 B.13 613 | 051 | 14F | 212%
| 1750 534 148 491 4.81 481 | os | 135 | ziem
1800 833 1.62 4.71 4.7 4.1 064 135 | +12%
| 2100 s3z | e 482 462 482 | 050 | 154 | 212% | |
00 | s28 1.5 450 460 458 | 083 | 120 | Z12% :
2450 §2.7 1.85 438 4.34 438 | 081 | 123 | £12% :
2800 625 | 218 425 4.25 425 | 084 | 120 | £12% i

Page & of L1

“ Fraquency valdity af £ 100MHz anly appiias Tor DASY wa,4 and higher (Page 2), else i is resvisted 1 £50MHz, The
uncertainty i tha R55 of ConyF uncamainty &1 caibration raquency and Be uncartainty lar be indicated frequenay band,
¥ it frequency ol 3 GHz, the valdiy of Besus peramelers i and o) can b raed o £10% if liquid compensation
formula is appied fo measured SAR waiues. At freguanckas abova 3 OHE, the validiy of lissis parameters & and o) is
ressticied bo 25%. The uncertainty is the RSS of the CoreF urcertainty Tor indicated argel Tesue paramedens,

“ pipharDiepth ane deterrmined during calbmticn. SPEAG warmants that the remaining deviation due b the beundary
effact affer compensation is always less than + 1% for frequencies below 3 GHE end bedow & 3% for the Teguanties.
betavsan 3-8 GHe al any debascs larger than haf the probe Hp dameier from e boundarng
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* In Colakonstion with

a CALIBRATION LABDRATORY
Adik: Hou 31 Mueyuan Hoad, Hakdlen Diswiey, Beging, 130191, Chine

Tigk 8 |2 KA 12005 Frac -+84. 1062104631 2504
Bemeal; stiligehmasl oom B, chingiil o

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

=
LS

Y
v
]
1

e
F
1

B
-
A

Frequency response [normalized)
5
!

=
-
L

=
m

i T :
1600 2000 2500 3003

==
TEM fMHz] e

L=}
g
g
g

Uncertainty of Frequency Response of E-fiald: £7.5% (k=2)

Cerlificate Mo; £14-5T118 Faga 7ol 11
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Aedel; M S0 Nweyonn Road, Haidien [Hsrie, Bofing. 150191, Chire
Tzl +B6- 10-FIMER 12000 Fpec LB 1 G1IM4E33.2904
Feneed; slikiebined com ety chinatilon

Receiving Pattern (@), 8=0°

f=600 MHz, TEM f=1800 MHz, R22

3 e
| |
A0 1 T T T T T
I Rioll=]
Er=00MHE —+—E00MHe  —+— 1B00MHZ__ ~ »— F500MHz|

Uncertainty of Axlal lsotrapy m:muﬂ #0.5% ﬁ{nz'

Certificme Mo £14-97118 Fage & of 11
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¥ in Colaboutnn vt
I
CALIBRATION LABDRATORY

Akli Mo 8] Kesrpian Bosad, Haidian Disiriet. Balimg, HAIL5], China
Tel: +i- 12-A2%H413- 1170 Fax: +EG-10-GIHH 11504

Eeima ettlificdinatt] cisa o
Dynamic Range f(SAR}caa)
(TEM cell, f = 900 MHz)

e

w' I 1t I

SAR[MWm’) o

[ Feinol compansated —e— compensaied |
Uncertainty of Linoarity Assessmaent: $0.9% (k=2)

Cemificals Mo Z14-97118 Fage #of 11

East China Institute of Telecommunications Page Number 172 0f 92
TEL: +86 21 63843300FAX:+86 21 63843301 Report Issued Date  : May 12, 2015



ecIT SAR Test Report Report No.: B15D30040-SAR

" I Cellaborabon with
CALIBRATICh LARERAT R
A Mo 51 Xuevion Road, Heldin Disric, Bedjisg, 10090, China
Tel: 1= HSTR 332070 Fimn: 306 FIE T a1 3. 1504
Fom il eadiich faetil oo g s hinntl. o

Conversion Factor Assessment

=900 MHz, WGLS R9{H_convF)

L
Hiw)

| —fwasand -~ wmidal |
|

T e

Deviation from Isotropy in Liquid

]
o

o o0
-hq;m - i 4 ?f
=00

A0 QB0 D -Jrl'? S o OM 040 A0 G0 10
Uneariainty of Spherical Isctropy Assessment: $2.5% (K=2)

Corlificate Moc Z14-97118 Pape (aof 10
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CALIBRATION LABDRATORY

Add: K1 Neepaan Rool, Haln Disicl, Beifng HOD), Ching
Vil e | Gl B340 520079 Fae: +Reb- 1 S HHGA 132501
E-mail cithjfxhingid com Hegatrerwsiingil o

@ [ e ——

DASY - Parameters of Probe: ES3DV3 - SN: 3252

Other Probe Parametars

Sansor Arrangement I Trangul ar |
Eunr.mcmr Angle *) | . 130.2 |
_l-lm:hamml Surface Detection Mode | enabled l
E:I:al Surface Detection Mode . . disahle .
. Probe Overall Length 33?mm_
_Proha- Baody Diamater 'lﬂmrn_
T_IpLunglh Wmm_
Tip Diameter 4mm
Probe Tip to Sensor X Callhrltllun Point T 2mm ]
;nbe Tip to SensorY Clli.hr.a.ﬁnn Point R - me_
-. Probe Tip to Sensor Z Calibration Point _imm
Fllﬂ'ﬂm;‘nmml H'iulummant Dh‘m-nn from Surface mirn

Cirtificate Moo 21497118 Page 10 of 11
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ANNEX H.

DipoleCalibration Certificate

] W .
Irs Collabessticn with A 3
&77L 5 b caa =
{/ CALISRATION LARDRATORY L
A P51 Xecyuses Riad, Haidion Diswrice, Blatjing, 100191, Coi % o
meyus Road, Hedisn Diswrict, Beifing, . China * o
Tel: Rim 0SSR E20TS  Fax: +B6-10u52 MG 2901 Pt CALIBRATION
E-mai - cillimchiratil.com Hitgehwuw chimiil o
Chient ECTT Cortificate No:  Z14-97120
= I TR

e

Ohject

B35V - BN: 44112

Calibration Procedure(s) TME-OE-E-n2-154

Calibration Procedures for dipale validation kits

Callbration date: Howember 4, 2014

Thia calibration Cerlificate documents the traceability (o nafioral standarde, which realize the phiysical units of
measurements(Sl). The maasurements and the uncartamnties with confidence probebdity are given on the folawing
pages and ane part of the cartificats.

Al calibrations have besn conducted n the closed laboratory facility: envireamen? temporaturezzadiT and
humidity<Ti%.

Calibration Equipment used (M&TE crifical for calibration)

Primary Standards 0# Cal Date(Caborated by, Corfifcate Mo.) _ Scheduled Galbration |
Power Melor  NRPZ 101818 0i-Jul-14 {CTTL, Mo.J14X02148) Jun-15
Power sensor  NRP-Z81 | 101547 01-Jul-14 {CTTL, No.J14X02148) Jun-15 !
Reference Probe EX30W4 | S8 3817 28-Aug-14(SPEAG N.EXI-361T_Aug14) Aug-18 I
DAE4 BM1331 23-Jan-14 (BPEAG DAE4-1331_Jani4) Jdan-15
Secandary Stand_am_s [ 1o# Cal Date{Calibrated by, Cerficate No.) Scheduled Caliration
SlgnalCeneraterMGITO0A | B201052605  09-Jul-14 [TTTL, Mo J14 %02 145) Jun-15
Metwork Analyzer ES0710 | MY461401123  16-Feb-14 (TMC, Mo JZ14-TE1) Fab-15
— 1 S S S S— |
Marrie Funciion Slgnalure
Calibratad by: Ehao Jing SAR Tast Enginesr : ﬁfj '
Reviswed by. Qi Digryuan GAR Project Laader M/
Approved by: Lu Bingsang Dreputy Director of the labaratary i

Isgued: Movembar 8, 2014
|_This celitration corificate shall not be reprodused axcept in full without wrilten approval of the: laboratory.
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Akl We, 51 Kucywan Foed, Hiidian Districy, Beljing, 100191, Chiza
izl +B5 T0-62AME33- 2075 Fres: +RE-10-623 046332504

B-mui: ot chinaltl om Htpetwwwchingitl o
Glossary:
TSL tissue simulating Bgwid
SanvF sensitivity in TSL/ NORMxy.z
A not appkcable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE & 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Speclfic Absorpltion Rata [SAR) in the Human Head from Wireless
Communications Devicas: Measuremeant Technigues®, Juna 2013

b) IEC 62209-1, *Procadura to measure tha Specific Absompfion Ratz (5AR) For hand-hald
devices used in close proximity to the ear (frequency range of J00MHz to 3GHz)", February
2005

c} KDBa556E4, 3AR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
d} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

»  Measurement Condifions. Further cetails are available from the Validation Report at the emd
of the certificate. All figures stated in the cerlificate are valid at the frequency indicated.

«  Anfenng Parameters with TSL: The dipole is mounted with the spacsr to posifion its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

+  Foed Point Impedance and Refurm Loss: These paramatars are measurad with the dipole
positioned under the guid filled phantom. The impedance stated is transformed fram the
measurement at the SMA connector to the feed point. The Return Loas ensures low
reflzcted power. Mo uncartainty required.

«  Eleclical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty reqguired.

«  SAR measured: SAR meaasured at the slaled antenna input power,

«  SAR nommalized: SAR as measured, normalized to an input power of 1 W at the antenna
connectar,

& SAR for nominal TSL parameters: The measured TSL parameters are usad to calculate the
nominal SAR result.

The reported uncertainly of measurement is stated as the standard uncerdainty of
Measurement multiplied by the coverage factor k=2, which for a nomnal distribution
Comesponds 1o a coverage probability of approximately 95%. |
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&

Tel- #86=1162 30403 32078
E-trvail: ctliecinem] com

Measurement Conditions

In Calabarution with
I 8 p e a g
CALIBRATION LABGRATORY

Add: No.51 Xueyusn Road, Haidian District, Beijing, 10019, Ching
Fa: #8662 1046132504
Hitp v kst £n

DASY system configuration, as far as nat ghwen on pags 1,

DASY Version DASYED 52881222
Extrapolation Anvanced Extrapaiaticn
Pliatbem Triple Flal Phantom 510
Distance Dipole Center - TEL 15 mm with Spacer
_me;unmnn dx, dy, dz =5 mm
Frequency . 535 MHEz £ 1 MHz
Head TSL parameters
Tha frderaing parametars 6nd calculiations wars spolisd,
Temparature Parmittivily Conducthvity
Mominal Head TSL parametens 00 415 01,80 miaim
Moasured Head TSL parsmatare 202021°C A0828% | 0L2mhaimiBY |
_Hm THL temperalure change during test =10 | -—- e |
SAR result with Head TSL
B4R averaged over 1 o {1 g of Head TSL Cangition
SAR moasurad _ 260 W input pawar AT AW g
BAR for nomminal Haad T5L parametens noemalzed to 19 nurmrgun.amnuT
SAR sveraged over 10 oo’ (10 g) of Hoad TSL Cendillzn
SAR measuned 250 miW input porar 1.57 mWi i g
| SAR for nominal Heai TSL perameters | romalizsdio W | 6.20 mAVig £20.4 % (ke2)
Bady TSL parameters
Thie folkrwinyg paramelens and calculations werg .
| Temperature Parmittivity Conductivity
Nominal Body TSL parametors [ 20 T 0.7 mbakm
Moasured Body TEL paramatars: | (22020,2}°C SE3LE % D.ﬁmhn.rm.iﬁ-‘}i
Body TSL temperaturs change during test|  =1.0°C — e
SAR result with Head TSL
BAR sveraged aver 1 e (1 g of Body TSL Condition
SAR measured o 260 MW inpLrt perser 24D g
| SAR for rominal Body TSL. parameters rormalized o 1W | 9,45 mW ig £ 20.8 % [k=2) |
B4R peeraged over 10 cm’ (10 g) of Bady TSL Candiion
SAR measurad 250 mW input power 1EDmW i g
| SAR for nominal Bedy TSL paramelers nomalzed o W | 6.32 rrwr:g't m.mnaa

Certifivate Mo: Z14-97120
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Addd- Mo S| Nugysen Rosal, Heidiim Distriog, Haijing, 100091, Ching

Tal; *Rbe | I-GEIHE 52079 sty R | AT 0GE 2504
E-maid: citl@ehinatilzom Hetpotwwwchinaitl.cn
Appendix

Antenna Parameters with Head TSL

Impedanca, imnsformad o feed paint S0.80- & 450
Fealisrn Loss - 27.0d8

Antenna Parameters with Body TSL

Impadanoe, ransformad to feed point 48.3)- 5500

Refurn Loss - 23.3d8

General Antenna Parameters and Design

|_Elmicul Dalay (one dirgciion ) 1.267 e

Afber hong tenm ues with 100W radiated power. only a slight wamning of the dipoln near the feedpoint can
e mesaured.

The dipole is mada of standard seminigid comxial cable. The canter condustar of thi: feeding line is directly
canneched to the second ame of the dipale, The anlenna is theredore shont-circuited for DiC-signals. On some

of tha dipodes, small end caps are added te the dipole anms in erder e impreve matshing when loaded

according i the poestion as explained in the “Measurement Conditions” paragraph. The SAR dets ane not |
affectad by this changs. The cverall dipols length ks still acooiding o the Standard, |
Mo encessive force must be applied to the dipole ams, because they might band or the saldered

connecians near the feedpoint may be damaged.

Additional EUT Data

Marl.rrm. red by . I . SPEAD ) o
Certificale Nao: Z14-57120 Page 4 of &
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_’-..: In Colabaramen with
&717. s pea g

Adkd: Mo S| Xueyman Road, HakSian Dinwct, Beijing, (60191, Chisa
Tel: +RE- [ I-ATI0R6 52078 Feo: +8i6-10-T3 045332 504
Eemnll: citl @chinatl com HatpFugew chinpitl oz

DASYS Validation Report for Head TSL Dute: 4.11.2014
Test Loboratory: CTTL, Beijing, Chma
DT Dipede 835 MHz; Type: DEISVD; Serial: DE3SY2 - SN: 44112
Communication System: UTD 0, OW; Frequency: 835 MHzDuty Cyele: 1:1
Medium parameters used: = 835 MHz; 5 = 0.916 Sm; v = 40,82 p = 1000 kg/m®
Phantom section: Right Section
Measurement Standard: DASYS (IEEEIEC/ANST C63.19-2007)
DASYS Configuration:

s Probe: EX3DVS - SMIG1T; CornFIOAT, 9,67, 9.67); Calibeated: 2014-08-28;

+  Sensor-Surface: Zrm (Mechanical Surface Dejection)

+  Electronics: DAE4 Snl33); Calibezied; 2014-01-23

¢ Phantom: Triple Flat Fhastom 2,1C; Type: QD 00 P51 CA; Serial: 116171

«  Mensurement 8W: DASYEZ, Version 52.8 (8); SEMCAD X Version 14.6,10(7331)

System Performanee Check at Frequencies above 1 GHz/d=15mm, Pin=250 mW,
dist=2.0mm (EX-ProbeVZoom Sean (TaTx7) (TxTxT)Cube 0: Measurement grid:
dx=5rmmm, dy=5mm, dz=5mm

Reference Value = 58.96 Vim; Power Drifi = 0.00 JB

Peak SAR (extrapoloted) = 3.60 Wike

SAR( ) = 2,41 Wik SAR(L0 g) = 1.57 Wikg

Maximum value of SAR {measured) = 3.09 Wikg

-4.20
-5.29

-1.39

-10.49

0 dB = 309 Wikg = 4.0 dBW kg

Certificate Mo: £14-97120 Pagir $af 8
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eCIT
r.." In Calabaration with
CALIBRATION LABORATORY
Add: Ma 5| Miigeuan Foad, Haidlan Dsirkat, Beljing, 100181, China
Teel: +HHG- 1 0620853 3-HET Fem- +86-1 (021086332504
Eemuail: cttl iohinmil oom e, chingflen
Impedance Measurement Plot for Head TSL
il =23 LBy Mag 10.00e) kel @, oo0ds (M o)
000 43, 45000 W ST, T -
40D |
Wk B | |
20,00 | : ! |
L0 | !
ey |
(L 1
TR i i T |
20,00 | ! | |
A0, i | I
00 | ! [
% DD | S S— — &
FOEM 511 Seith Reie) Scale 1.0000 [FL nel]
+1 R 00000 MHT BO.ED0 8 4400 8 A BILpET T T
-~
Py M,
/- N
!
| N
,- {f\ ‘-
l ! |
I,' : lIrII|
Y __T___/
e
|
|
|
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r‘\' In Collabanmion wid
g TTT 5 p e a g
CALIBRATION LABDRATORY
Adlcl: Mo 51 Nueyuem Boed, Habdlan Disvict, Rejjisg, 100191, Chna
Tiel: HRE- 1 RRAMER 327D Feoq: +0- | DGZHMEI -2 504
E-mal- ctthi@ehinati], com Hegp:Porwew.chinattl.on

DASYS Validation Report far Body TS Crate: 04,1 12004
l'est Laboratory: CTTL, Li-cij'ing_ China
DUT: Dipole 535 MHz; Type: DE3SVE; Scrial: DA3SVL - SN: 4d112
Communication System: UID &, OW; Frequeney: 835 MH; Duty Cyele: 1:1
Medium parameters used: £= 835 MHz o= 00991 S/m; & = 55.34; p = 1000 kp/m’
Phantom seclion; Center Section
Measuremett Standard: DASYS (IEEEIEC/ANST C63.19-2007)
DASYS Configuration;

¢ Probe: EX3DV4 - BN161 T, ConvF(9.48, 9458, 9.48); Calibrated: 2014-08-28:

»  Sensor-Burface: 2mm (Mechanical Surfacs Detection)

« Electronics: DAE4 Snl331: Calibrated: 2014-01-23

+  Phantom: Trigle Flat Phantom 5,1C; Type: QD 000 P31 CA; Serial: 16171

+  Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10(7331)

System Performance Check at Frequencies above | GHz/d=15mm, Pin=250 mW,
dist=2.0mm (EX-Probe)Zowm Sean (Tx7x7) {Tx7x7)WCube 0: Measurement grid:
da=3mum, dy=5mm, de=5mim )
Reference Value = 56.13 Vim; Power Dinft = 0,01 4B

Peak SAR (extrapolated) = 3,57 Wik

SAR(T g) = 2.4 Wikg SAR(10 ) = L6 Wikg

Maximum value of SAR iu:u.':lmlmcl] = 3.0 'J;'."I-q.g

0 dBE = 302 Wikg = 4,80 dBW/kg
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In Colluberution wit

s o s

Mdd: B 51 Kutyesm Rol, Haicion Disrict, Bofjing, 1001%1, Chiaa
Tel: e | Qb 20463 52075 Fis! +R6-10-613H651- 2504
E-ml: ciilifehinaitl. com Hegmed v ehilimatil. i1

Impedance Measurement Plot for BEady TSL

Trl 511 Lég Mag 10, 0088 Ref 0. 0d0ds [rl oe1]
el L o

. o

ELo ]

]

i, o H ! H [
: |

1G.00 | |

T

=1, 30

=N 06 L ! - i I | |

FEH =11 svich (R+fxd Scale 1.660u [F1 bal]
| 31 EIS.000M0 MMT A8 T D -5, W09 0 y;-g_a};pr" T

7 R
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Client

Object

Calibration Procedura|s)

Calibration date:

Pumidity=70%.

* I Coilnbosatiom with

I s p e ag
CALIBRATION LARDRATCHRY

Add Bio 31 Xuzyean Resd, Hinidae Distrct, Boijing, 100191, Chiza
Tial: +BE- 106230403 5-207%
E-mad cnl @chinattl com

ECIT

Elstpefwacwchinaitl oy

D002 - SN: 5d134

TMC-05-E-02-104

Freg: +86-1 TH603 M3 32504

W[,

e,

7
il

Calibration Procedures for dipole validation kils

Novembaer 5, 2014

Coalibration Equipment used (M&TE eriical lor calibration)

Thie calibration Cerfificate documents the fraceabilty te national standards, which realize the physical unils of
measiFementsiSl), The measurements and the uncerainies with corfidence probability are given on the following
pages and are part of the certificate.

Al calibrations have been conducted In the dosed laboratery faclity: emdronment tempersfwragz:s T and

*gﬁf CALIBRATION

Ma. Lo

5T

Primary Standards I & Cal Date(Callbrated by, Certificate Ma,) Schedulad Calibration
Fower Moter  NRF2 101918 D1-Jul-14 (CTTL, No.JT4X02146) Jure15
Power sansor  NRF-Z91 | 101547 01-Jul-14 (CTTL, No 144021 46) June15
Feference Probe EX30V4 | 5N 3817 28-Aug- 14{SPEAG No EX3-3617_Augid) Aug-16
DAE4 &N 1337 Z3-lan-14 (SPEAG, DAE4-1331_Jan14) Jan-15
Srrandary Standards 10 Cal Date(Calibeated by, Certificate No.)  Ssheduled Calibration
SignatGeneratorMGIT00A | GE01052605  01-Juk14 (CTTL, No 1402145 Jun-15
Metwork Analyzer ES0TIC | MY46110873  15-Fab-14 (TMC, Mo JZ14-781) Feb-15
MNarme Function Signatura
Calibrated by: Zheo Jing SAR Tast Engingar 44
Raviewed by: Qi Dlanyusn SAR Project Leader B S
Approved by Lu Bingsang Depary Dirsctor of the lsboralory 3 Mh?; -
Issued: Movameer 3, 2014

This calibration cerifizate shall not be reproduced excapt in full without wiitten approval of the tebaratory.
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CALIBRATION LABORATORY

Add: Mo S| Xusymin Road, Halfaa Diadsy, Beijing, 100191, China
Tk 3| (-6 2146332072 Faz +0= 100204633250
E-mail: ciiligchingif coms et Fuww chineid o

Glossary:

TSL tissue simulating leguid
ConvF sansitivity in TSL/ NORMx vz
N/A nct applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-201 3, “IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Cammunications Devices: Measurement Techniques®, June 2013

b} IEC 62200-1, "Procedure to measure the Specific Absomption Rate (SAR) For hand-held

devices usaed in close proximity o the ear (frequency range of 300MHz to 3GHZ)", Fabruary i

2005

The reported uncerainty of measurement is stated as the standard uncerainty of
Measurament multipiad by the coverage factor k=2, which for a nomal distribution
Cormasponds to a coverage probabllity of approximately 95%.

c] KDBB555E4, SAR Measurement Reguirernents for 100 MHz to 6 GHz

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurerment Conditions, Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequancy indicated.
Anfanna Paramaters with T5SL: The dipole ia mounted with the spacer to position its feed
point exactly below the canter marking of the flat phantom section, with the arms orented
paraliel to the body axis,

Foed Point [mpedance and Relum Logs: These paramaters are measurad with the dipole
pasitioned under the liguid filled phantom. The impedance stated is transformed from the
maasurement at the 5MA connecior to the feed point, The Returm Loas ensures low
reflected power. No uncertainty required.

Elsctriced Dalay: One-way delay batween the SMA connector and the antenna feed poirt,
Mo umcertainty reguired.

SAR measurad: SAR measured at the stated antenna imput power,

SAR nomalized: SAR as measured, normalized to an input power of 1'W at the antenna
connachor.

SAR for nomingl TSL paramefers: The measured TSL parameters are used Lo calculate the
nomingl SAR resuli,

Certificate Mo 21497123 Pagorof &

East China Institute of Telecommunications Page Number 184 of 92
TEL: +86 21 63843300FAX:+86 21 63843301 Report Issued Date  : May 12, 2015




&

€eCIiT

SAR Test Report

Report No.: B15D30040-SAR

¥ In Colletoration with
CALIBRATION LABORATORY
Adld: Mo 5| Xuoywem Rond, Heridian Disiriol, Beljing, 163198, Chisa

Tial: +H 1002 ET 32075
[E-mmaril: citl g chinatil com

Fres: +RE-10-6 23 (463 52504
Eimpelfuwen. chinetilos

Measurement Conditions
DASY aystem configuration, as far as rof piven on page 1. -
DASY Varslon DASYER L E R
Entrapolation Advanced Exirapolalion T
Phastom Triple Flat Phariom 510
Tmmmmur-m 10 mm with Spacer
;ni.mnnnulmn de. dy, dz = & mm
__Frmllw.r 1900 MHz + 1 MHz
Head TSL parameaters
Thea Tollowing parsmeters and caicuiations wen applied,
Tamparature Permiltivity Conductivity
Naominal Head TSL parametors =0 oo 1.40 mhadm
Mensured Head TEL parameters {2208 0.2)°C LT YL 1.37 mbaim £ 6 %
Head TSL tamperature change during test BLEH - -
SAR result with Head TSL ]
SAR averaged over 1 cm’ {1 gh of Hoad TEL Condtion ]
5AR measured 250 miW Input power BLAG MW T g
SAR Tor naminal Hesd TSL parmmetors normalzed I 1V 40,0 W g 2 2008 % (k=2)
BAR avoraged over 40 cov' (10 g) of Head TSL Corwdition
SAR mieasied zsunmmu.ﬁpmar 5.|5nf.l;'ag
SAR for nomingl Head TSL parameders ramalized to 1V 0.8 MW g £ 20.4 % (k=2)
Body TSL parameters
T'mlqnhu parameters and celcustons were applied.
Temperatura Parmittivity Conduetivity
Mominal Bady TSL parametens LG 53.3 152mbam |
Measured Body TSL parameters @20£02)°C | 54128% | 161 mhaim46% |
_Bndr TEL temparature change during test =10 —- ==
SAR result with Hoad TSL _ '
BAR avoraged evar 1_cm’ {1 g} of Bedy TSL Cendition
SAR measured ZB0 MY Inpart pawar 101 mivd f g
SAR far nominal Body TEL parametsrs rarmelzed o 10 40.T miW g £ 20.8 % (k=2)
SAR averaged ovor 10 e imn.}m‘m\-m Candition
_ﬂﬁmam 250 MW input porses 5,30 miv i g ]
BAR for naminal Body TSL paramaters namalized to 1w 213 MW g £ 204 % (k=2)
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®  In Collsboration with

TTI 8 p e a g

CALIBRATION LABORETORY

Adid: Hir 31 Kuspoisn Boad, Heidisn Destrict, Beding, 1000%], Ching
Tel: +36-10-52304033- 2079 [Fas: #Ed- 1042006132504
E-meil: cotkfichinmtil.com Hutpitwrienschissitt], e

Appendix

Antenna Parameters with Head TSL

Impedanca, rengformed o feed poird 410+ 6.0
Ratum Loss - 23.1d8

Antenna Parameters with Body TSL

Impadance, transformed Lo fead paoint 48,80+ G440

Bawm Loss - 23.50B

General Antenna Parameters and Design

| Electrical Dalay (ohe dirsctian) 1.304 ns I

Adter long lerm use with 1004 radisted power, only a slight wasrning of the dipole near the feedpoint can
b measured,

The dipoie is mada of standard semirigid coaxial cable. The center conductor of the feeding line is direcily
connacted ta the second anm of the dipsie, The antenna is therefore shart-circuited for DC-signals. On some
of the dipoles, emall end caps ane added to the dipoke arms in ordar 1o Improve mafching when Inaded
accordng fo the pasition as explaingd in the *“Measurement Condilions” paragraph, The SAR dals are not
affected by his change. The overall dipele length Is still according o the Standard,

Mo excassive forge must be applied to the dipole anms, because they might bend or the scldeared
connections near the feadpoint may be damaged.

Additional EUT Data

IE‘II..fll:ll..I'Ed by . SPEAG
Cetificats Mo: Z14-97122 Page 4 of B
East China Institute of Telecommunications Page Number : 86 of 92

TEL: +86 21 63843300FAX:+86 21 63843301 Report Issued Date  : May 12, 2015



ecIT SAR Test Report Report No.: B15D30040-SAR

= In Colabanatian with
! iy LL._%M!_H_

Add: K51 Xueyuen & 10019, Chine
Tiel- #Ri-1-52 5 ? Fons +8i1 (21046332504
Eammail; cbidchisas] com Hitp: s chimaill cn

DASYS Yalidation Repart for Head TSL Date: 05,11,2014
Test Laboratory: CTTL, Beljing, China
DUT: Dipole 1MW MHz; Type: DUMEY2; Serinl: DI900VE - SN: 54134
Comrmunication System: UL 0, CW; Frequency: 1900 MHz, Dty Cyele: 1:1
Medium parameters used: £= 1900 MHz; o = 1365 S/m; & = 10,92: p= 1000 Riz.'n':"
Phastom section; Right Section
Mesgurement Standard: DASY S (IEEEJTECSANST C§3.10.2007)
DASYS Comliguration;

» Probe: EXSDV4 - BN3G1T, ConvF(7.9, 7.9, 7.9% Calibrated: 2014-08-28:

+  Sensor-Surface: 2mm (Mechaneal Surface I}cl,cu_'i_i_nn_]

« Electronics: DAE4 Snl1331; Calibraied: 2014-01-23

+  Phantom: Triple Flat Phantom 5,1C; Type: QD 000 P51 CA; Serial: 116171

+  Measurement SW: DASYS2, Version 528 (8); SEMCAD X Version 14.6.10 (7331)

System Performance Check at Frequencies above 1 GHe/d=10mm, Pin=250 mW,
dist=2.0mm (EX-Frobe)Zoom Scan (Tx7x7) (7x7xTWCube 0: Mensurement grid:
dx=3mm, dy=3mm, d==5rmm

Reference Waloe = 104.1 Vim; Power Didfl = 0,02 dB

Peak SAR {extrapolated) = 18,1 Wk

SAR(I g) = 985 Wiky; SAR(LD g) =515 Wikg

Maximum value of SAR {measured) = 14.0 Wike

=g

-6.6%

=13,30

-19.95

-2h.60

-13.24

0 dB = 153 Wikg = 11,85 dBWike
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Impedance Measurement Plot for Head TSL
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CALIBRATION LARORATORY

Add: Mo 51 Ny Rosd, Haidisn D6drict, Befing, 1001%1, China

Tk 80 106250532079 Fas: #RE-10-623044G3]-1504
E-mail; ook hisatil.com Hitpe/werw.chinatil.cn
DASYS Validation Report for Bady TSL Dhates 05,1 0.2004

Test Laboratory: CTTL, Beijing, Chinz

DUT: Dipale 190 MEHz; Type: D1900VE; Serial: DIMIV2 - SN: 5d134
Communiestion System: UID &, CW, Frequeney: 1900 MEz Ity Cvale: 1:1
Medium parameters used: = 1900 MHz o = 1.511 8m; e,= 54,12; p = 1000 kgm”
Phantom section: Left Section
Mensurement Standard: DASY 3 (IEEEAECAMNSI C63,19-2007)

DASYS Configuration:

»  Probe: EXIDV4 - SN161T, ConvF(7.58, 7.58, 7.58); Calibeated: 2014-08-28;

o Seised-Suiface; 2inn (Mechanical Surface Dietection)

«  Elecironics: DAE4 Snl331; Calibrated: 2014-01-23

+  Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 116171

+  Messurement SW; DASY 52, Version 52,8 (B); SEMCAD X Version 14.6,10(T331)

System Performance Cheek ot Fregquencies above | GHe/d=10mm, Pin=250 mW,

dist=2.0mm (EX-Probe)Zam Scan (Tx7x7) ($x7x70Cube 0: Measurement grid: |
dx=5mm, dy=5mm, de=5mm

Reference Valwe = 9858 Vim; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 182 Wikg

SARD g =101 Wilke: SAR{10 gy =53 Wikg

Maxirmum value of SAR (measured) = 14.5 Wikg

-6.36
121
-19.07

2642

=31.78

0 dB = 156 Wikg = 11.94 dBW/kg
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Impedance Measuremeant Plot for Body TSL

[T¥L =11 Log Wag 10,0000, Rer O, oe0dD (F1 DET]
i ]

AL GO0 S -1 S dE 7 I 1
Adh, 00
W,
20, 00
L o
0 0

e L
- H v
a0, 00 I i

—d O

=50k, O

F Y

M 211 sith R+ =] Scale 1.0000 [F1 0el]
sl 1,0000000 G4z 45844 @ G.4300 0 TEOLER-pHT |

Certificate Mo: £14-57122 Page § o'y

East China Institute of Telecommunications Page Number
TEL: +86 21 63843300FAX:+86 21 63843301 Report Issued Date

190 of 92
: May 12, 2015



h

1T

SAR Test Report

Report No.: B15D30040-SAR

Jure 20 JII‘

Acceptable Conditions for SAR M, Using Probes and Dipoles
Calibrated under the SPEAG-TMC Dual-Logo Calibration Program te
Support FCC Equip Certification

The acceptahle conditions for SAR mensurements using probes, dipoles and DAEs
calibrated by TMC (Telecommunication Metralogy Center of MITT in Beijing, China),
under the Dual-Logo Calibration Certificate program and quality assurimce (QA)
protocols established between SPEAG (Schmid & Pariner Engineering AG, Switzerland)
and TMC, te support FCC (108, Federal Cammunications (Commission) squipment
certification are defined and described in the following.

1) The agreement established between SPEAG and TMC is only applicable 10
calibration services performed by TMC where its cliemts (companies and divisions of
such companies) are headquartered in the Greater China Region, including Taiwan
and Hong Kong, This agreement is subject 1o renewal a1 the end of each calendar
year between SPEAG and TMC, TMC shall inform the FOC of any changes or early
termination to the agreement

Only & subset of the calibration services specified in the SPEAG-TMC agreement,
while it remains valid, are applicable to SAR measurements performed using such
equipment tor supportng FCC equipment certification. These are identified in the
following,

a} Calibeation of dosimetric (SAR) probes EXIDVx, ET3DVx and ESIDVx.

i} Free-space E-field and H-field probes, including those used for HAC {hearing
aid compatibility) evaluation, temperature probes, other probes or eguipment
not identified in this document, when calibrated by TMC, are excluded and
cannot be used for measurements to suppornt FCC equipment certificatson.
Signal specific and bundled probe calibrations based on PMR (probe
modulation response) chasacteristics are handled according to the
requirements of KDB 865664 that is, “Until standardized procedures are
available 10 make such determination, the applicability of a signal specific
probe calibration for testing specific wirekess modes and technologies (s
determined on & case-by-case basis through KDB inguiries, including SAR
syitem verification requirements.”

b) Calibration of SAR system validstion dipoles, excluding HAC dipoles

¢) Calibration of data scquisition electronics DAEIVx, DAE4Vx and DAEasyVx.

d) For FCC equipment certification purpases, the frequency range of SAR probe and

dipole calibrations is limited o 700 MHz - 6 GHz and provided it is supported by

the equipment identified in the TMC QA protocol (a separate sitachment 10 this

document)

The identical system and equipment setup, measurement configurations,

hardware, evaluation algorithms, calibratson and QA protocals, including the

format of calibeation certificates and reports used by SPEAG shall be applicd by

™C

f) The calibeated items are only applicable to SPEAG DASY 4 and DASY £ or
higher vession systems,

»

<
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11 The SPEAG-TMC agreement includes specific protocols identified in the following
o gnsure the quality of calibration services provided by TMC under this SFEAC-
TMC Dual-Logoe calibration agreement are equivalent to the calibration services
provided by SPEAG. TMWC chall, upon request, provide copiee of documentation to
the FOC 1o substantiate program implementation,

a) The Inter-laboratory Calibration Evaluation (1LCE) stated in the TMC QA
pratocol shall be performed between SPEAG and TWC at least once every 12
months. The ILCE acceptance critersa defined m the TMC QA protocol shall be
satiafied for the TWIC, SPREAG and FOC agreements in remiain valid.

Check of Calibration Certificate (COC) shall be performed by SPEAG for all

calibrations performed by TMC. Written confirmation from SPEAG is requinad

for TMO to issue calibration cenificates under the SPEAG-TMC Dual-Logo
calibration program. Quarterly reports for all calibrations performed by TMC
unibier thit pragram ane also lssued by SFEAG.

The calibration equipment and measunsment system used by TMC shall be

wigrified before cach calibration service according to the specific reference 5AR

prabes, dipoles, and DAE calibrated by SPEAG. The results shall be reproducible
and within ihe defined nccepinnce criterin specified m the TRMC QA protocol
belare each actual calibration can commence. TMC shall maintain records of the
mensurement and calibration system verification resulls for all calibrations.

CQuality Check of Calibration ((0C) centificates shall be performed by SPEAG at

least once every 12 manths. SPEAG shall visit TMC facilities to verify the

Ishoratory, equipment. applied procedures and plausibility of madomly selected

h

d

certificates.
A copy of this document, to be updated annually, shall be provided o TMC cluents
that accepl calibration serviees according to the SPEAG-TMC Dunl-Logo calibration
propram, which shiould be presented toa TCR ( Felecommumicartion Cerdiffcationr
Boulv), 10 facilitate FOC equipment approval
5} TMC shall address any questions raised by ns clients or TCHs relating o the SPEAG-
I8C Dual-Logo calibration program and inform the FOC and SPEAG of any critcal
15508 S.

huig 206 10 elanily the applicabiliny of FME snd Busdled probe callbrations
ienis of KOE Bodend
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