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1 D E V I C E  U N D E R  T E S T  

1.1 Device Overview 

GSM/GPRS/EDGE Rx Only 850 Voice/Data 824.20 - 848.80 MHz
GSM/GPRS/EDGE Rx Only 1900 Voice/Data 1850.20 - 1909.80 MHz

UMTS 1900 Voice/Data 1852.4 - 1907.6 MHz
2.4 GHz WLAN Data 2412 - 2462 MHz
5.8 GHz WLAN Data 5745 - 5825 MHz
5.2 GHz WLAN Data 5180 - 5240 MHz
5.3 GHz WLAN Data 5260 - 5320 MHz
5.5 GHz WLAN Data 5500 - 5700 MHz

Bluetooth Data 2402 - 2480 MHz
NFC Data 13.56 MHz

Band & Mode Tx FrequencyOperating Modes

 

1.2 Nominal and Maximum Output Power Specifications 
This device operates using the following maximum and nominal output power specifications. SAR values 
were scaled to the maximum allowed power to determine compliance per KDB Publication 447498 
D01v05.  
 

Voice 
(dBm)
1 TX 
Slot

1 TX 
Slots

2 TX 
Slots

3 TX 
Slots

4 TX 
Slots

Maximum 33.0 32.9 32.0 30.9 29.0
Nominal 32.5 32.4 31.5 30.4 28.5

Maximum 30.0 29.9 28.9 27.9 25.9
Nominal 29.5 29.4 28.4 27.4 25.4

Burst Average GMSK (dBm)

GSM/GPRS 850

Mode / Band

GSM/GPRS 1900
 

 

3GPP 
RMC

3GPP 
HSDPA

3GPP 
HSUPA

Maximum 23.0 22.5 22.5
Nominal 22.5 22.0 22.0

UMTS Band 2 (1900 MHz)

Mode / Band
Modulated Average  

 
 

Maximum
Nominal

Maximum
Nominal

Maximum
Nominal

Maximum
Nominal

Maximum
Nominal

Maximum
Nominal

IEEE 802.11n (5 GHz) 12.5

Bluetooth 9.0

IEEE 802.11a (5 GHz) 12.5

17.0

15.0

13.0

12.0

12.0

8.5

15.5

IEEE 802.11n (2.4 GHz) 13.5

Modulated Average  
  (dBm)

IEEE 802.11b (2.4 GHz) 17.5

IEEE 802.11g (2.4 GHz)

Mode / Band
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1.3 DUT Antenna Locations 

850/1900 MHz GSM/GPRS Tx/Rx 
& 850/1900 MHz EDGE Rx Only  
& 1900 MHz UMTS Tx/Rx  Ant

Top

Left

Bottom

2.4 GHz and 5 GHz WIFI
& 2.4 GHz BT Tx/Rx Ant

63 mm

122 mm

Right

Front of Device

GPS Rx only Ant

 
Note: Exact antenna dimensions and separation distances are shown in the Technical Descriptions in the 

FCC Filing.  
Figure 1-1  

DUT Antenna Locations 
 
 

Table 1-1 
Mobile Hotspot Sides for SAR Testing 

Mode Back Front Top Bottom Right Left
GPRS 850 Yes Yes No Yes Yes No

GPRS 1900 Yes Yes No Yes Yes No
UMTS 1900 Yes Yes No Yes Yes No

2.4 GHz WLAN Yes Yes Yes No Yes No
5.8 GHz WLAN Yes Yes Yes No Yes No

Mobile Hotspot Sides for SAR Testing

 
Note: Particular DUT edges were not required to be evaluated for Wireless Router SAR if the edges were 
greater than 2.5 cm from the transmitting antenna according to FCC KDB Publication 941225 D06v01 
guidance, page 2. When the wireless router mode is enabled, all 5.2 - 5.7 GHz bands are disabled. 
Therefore, only 5.8 GHz WIFI is considered in this section.  
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1.4 Near Field Communication (NFC) Antenna 
This DUT has NFC operations. The NFC antenna is integrated into the specialized battery. The SAR tests 
were performed with the specialized battery (model: EB-L1M7FLU). 

Top

Left

Bottom

Right
Front of Device

NFC Tx/Rx Ant

Battery

 
Figure 1-2  

NFC Antenna Locations 

1.5 Simultaneous Transmission Capabilities 
According to FCC KDB Publication 447498 D05v01, transmitters are considered to be transmitting 
simultaneously when there is overlapping transmission, with the exception of transmissions during 
network hand-offs with maximum hand-off duration less than 30 seconds.   
This device contains multiple transmitters that may operate simultaneously, and therefore requires a 
simultaneous transmission analysis according to FCC KDB Publication 447498 D01v05 3) procedures. 
 

Table 1-2 
Simultaneous Transmission Scenarios 

No. Capable Transmit Configuration Head Body-Worn
Accessory

Wireless
Router Notes

1 GSM voice + 2.4 GHz WI-FI Yes Yes N/A
2 GSM voice + 5 GHz WI-FI Yes Yes N/A  
3 GSM voice + 2.4 GHz Bluetooth N/A Yes N/A  
4 UMTS + 2.4 GHz WI-FI Yes Yes Yes  
5 UMTS + 5 GHz WI-FI Yes Yes Yes  
6 UMTS + 2.4 GHz Bluetooth N/A Yes N/A  
7 GPRS + 2.4 GHz WI-FI N/A N/A Yes 2G Hotspot
8 GPRS + 5 GHz WI-FI N/A N/A Yes 2G Hotspot  

Notes: 
1. Since Wireless Router operations are not allowed by the chipset firmware using any 5.2 -5.7 GHz WIFI 
bands, the sums supporting Wireless Router 5 GHz WIFI denote 5.8 GHz band configurations. This only 
applies to Wireless Router section of UMTS + 5 GHz WIFI and GPRS + 5GHz WIFI.  
2. Per the manufacturer, WIFI Direct is not expected to be used in conjunction with a held-to-ear or body-
worn accessory voice call. Therefore, there are no simultaneous transmission scenarios involving WIFI 
direct beyond that listed in the above table. 
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1.6 SAR Test Exclusions Applied 
(A) WIFI/BT 
 
Since Wireless Router operations are not allowed by the chipset firmware using any 5.2 -5.7 GHz 
WIFI bands, only 2.4 and 5.8 GHz WIFI Hotspot SAR tests and combinations are considered for SAR 
with respect to Wireless Router configurations according to FCC KDB 941225 D06v01. 

 
Per FCC KDB 447498 D01v05, the SAR exclusion threshold for distances <50mm is defined by the 
following equation:   

  
Based on the maximum conducted power of Bluetooth (rounded to the nearest mW) and the antenna 
to user separation distance, Bluetooth SAR was not required; [(8/10)* ã2.441] = 1.2< 3.0.  Per KDB 
Publication 447498 D01v05, the maximum power of the channel was rounded to the nearest mW 
before calculation. 

 
(B) Licensed Transmitter(s) 

 
GSM/GPRS DTM is not supported for US bands. Therefore, the GSM Voice modes in this report do 
not transmit simultaneously with GPRS Data. 

 
This device is only capable of QPSK HSUPA in the uplink. Therefore, no additional SAR tests are 
required beyond that described for devices with HSUPA in KDB 941225 D01v02. 
 
When the user utilizes multiple services in UMTS 3G mode it uses multi-Radio Access Bearer or 
multi-RAB. The power control is based on a physical control channel (Dedicated Physical Control 
Channel [DPCCH]) and power control will be adjusted to meet the needs of both services. Therefore, 
the UMTS+WLAN scenario also represents the UMTS Voice/DATA + WLAN Hotspot scenario. 

1.7 Power Reduction for SAR 
There is no power reduction used for any band/mode implemented in this device for SAR purposes. 

1.8 Guidance Applied 
¶ IEEE 1528-2003 
¶ FCC KDB Publication 941225 D01-D06 (2G/3G and Hotspot) 
¶ FCC KDB Publication 248227 D01v01r02 (SAR Considerations for 802.11 Devices) 
¶ FCC KDB Publication 447498 D01v05 (General SAR Guidance) 
¶ FCC KDB Publication 865664 D01-D02 (SAR Measurements up to 6 GHz)  

1.9 Device Serial Numbers 
Several samples were used with identical hardware to support SAR testing. The manufacturer has 
confirmed that the device(s) tested have the same physical, mechanical and thermal characteristics and 
are within operational tolerances expected for production units.  

Head Serial 
Number

Body-Worn 
Serial 

Number

Hotspot 
Serial 

Number
GSM/GPRS 850 A A A

GSM/GPRS 1900 A B B
UMTS 1900 C C C

2.4 GHz WLAN B B B
5 GHz WLAN A B B  
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2 I N T R O D U C T I O N  

 
The FCC and Industry Canada have adopted the guidelines for evaluating the environmental effects of 
radio frequency (RF) radiation in ET Docket 93-62 on Aug. 6, 1996 and Health Canada Safety Code 6 to 
protect the public and workers from the potential hazards of RF emissions due to FCC-regulated portable 
devices. [1] 
 
The safety limits used for the environmental evaluation measurements are based on the criteria published 
by the American National Standards Institute (ANSI) for localized specific absorption rate (SAR) in 
IEEE/ANSI C95.1-1992 Standard for Safety Levels with Respect to Human Exposure to Radio Frequency 
Electromagnetic Fields, 3 kHz to 300 GHz [3] and Health Canada RF Exposure Guidelines Safety Code 6 
[22]. The measurement procedure described in IEEE/ANSI C95.3-2002 Recommended Practice for the 
Measurement of Potentially Hazardous Electromagnetic Fields - RF and Microwave [4] is used for 
guidance in measuring the Specific Absorption Rate (SAR) due to the RF radiation exposure from the 
Equipment Under Test (EUT). These criteria for SAR evaluation are similar to those recommended by the 
International Committee for Non-Ionizing Radiation Protection (ICNIRP) in Biological Effects and 
Exposure Criteria for Radiofrequency Electromagnetic Fields,” Report No. Vol 74.  SAR is a measure of 
the rate of energy absorption due to exposure to an RF transmitting source.  SAR values have been 
related to threshold levels for potential biological hazards. 

2.1 SAR Definition  
Specific Absorption Rate is defined as the time derivative (rate) of the incremental energy (dU) absorbed 
by (dissipated in) an incremental mass (dm) contained in a volume element (dV) of a given density (r).   It 
is also defined as the rate of RF energy absorption per unit mass at a point in an absorbing body (see 
Equation 2-1). 
 

Equation 2-1  
SAR Mathematical Equation 

SAR d
dt

dU
dm

d
dt

dU
dv

= å
çæ

õ
÷ö
=
å
ç
æ

õ
÷
ö

r  

  
SAR is expressed in units of Watts per Kilogram (W/kg).  
 

r
s 2ESAR Ö
=  

where: 
 s  = conductivity of the tissue-simulating material (S/m) 
 r  = mass density of the tissue-simulating material (kg/m3) 
 E  = Total RMS electric field strength (V/m)  

 
 
NOTE:  The primary factors that control rate of energy absorption were found to be the wavelength of the incident field in relation to 
the dimensions and geometry of the irradiated organism, the orientation of the organism in relation to the polarity of field vectors, the 
presence of reflecting surfaces, and whether conductive contact is made by the organism with a ground plane.[6] 
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3  D O S I M E T R I C  A S S E S S M E N T   

3.1 Measurement Procedure 
The evaluation was performed using the following procedure compliant to 
FCC KDB Publication 865664 D01v01 and IEEE 1528-2013: 
 

1. The SAR distribution at the exposed side of the head or body was 
measured at a distance no greater than 5.0 mm from the inner surface 
of the shell. The area covered the entire dimension of the device-head 
and body interface and the horizontal grid resolution was determined 
per FCC KDB Publication 865664 D01v01 (See Table 3-1) and IEEE 
1528-2013.  

2. The point SAR measurement was taken at the maximum SAR region 
determined from Step 1 to enable the monitoring of SAR 
fluctuations/drifts during the 1g/10g cube evaluation.  SAR at this fixed 
point was measured and used as a reference value. 

3. Based on the area scan data, the peak of the region with maximum SAR 
was determined by spline interpolation.  Around this point, a volume was assessed according to the 
measurement resolution and volume size requirements of FCC KDB Publication 865664 D01v01 (See 
Table 3-1) and IEEE 1528-2013. On the basis of this data set, the spatial peak SAR value was 
evaluated with the following procedure (see references or the DASY manual online for more details): 

a. SAR values at the inner surface of the phantom are extrapolated from the measured values 
along the line away from the surface with spacing no greater than that in Table 3-1. The 
extrapolation was based on a least-squares algorithm. A polynomial of the fourth order was 
calculated through the points in the z-axis (normal to the phantom shell).  

b. After the maximum interpolated values were calculated between the points in the cube, the 
SAR was averaged over the spatial volume (1g or 10g) using a 3D-Spline interpolation algorithm. 
The 3D-spline is composed of three one-dimensional splines with the “Not a knot” condition (in x, 
y, and z directions). The volume was then integrated with the trapezoidal algorithm. One thousand 
points (10 x 10 x 10) were obtained through interpolation, in order to calculate the averaged SAR. 

c. All neighboring volumes were evaluated until no neighboring volume with a higher average 
value was found. 

4. The SAR reference value, at the same location as step 2, was re-measured after the zoom scan was 
complete to calculate the SAR drift. If the drift deviated by more than 5%, the SAR test and drift 
measurements were repeated. 

Table 3-1  
Area and Zoom Scan Resolutions per FCC KDB Publication 865664 D01v01* 

Uniform Grid

ҟȊzoom(n) ҟȊzoom(1)* ҟȊzoom(n>1)*

Җ н DIȊ Җ 15 Җ у Җ р Җ п Җ мΦрϝҟȊzoom(n-1) җ ол

нπо DIȊ Җ мн Җ р Җ р Җ п Җ мΦрϝҟȊzoom(n-1) җ ол

оπп DIȊ Җ мн Җ р Җ п Җ о Җ мΦрϝҟȊzoom(n-1) җ ну

4-5 GHz Җ мл Җ п Җ о Җ нΦр Җ мΦрϝҟȊzoom(n-1) җ нр

5-6 GHz Җ мл Җ п Җ н Җ н Җ мΦрϝҟȊzoom(n-1) җ нн

Minimum Zoom Scan 
Volume (mm)

(x,y,z)

Maximum Zoom Scan Spatial 
Resolution (mm)

Graded Grid
Frequency

Maximum Area Scan 
Resolution (mm)

(ҟȄareaΣ ҟȅarea)

Maximum Zoom Scan 
Resolution (mm)
(ҟȄzoomΣ ҟȅzoom)

 
*Also compliant to IEEE 1528-2013 Table 6 

Figure 3-1  
Sample SAR Area 
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