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1 RF Exposure Evaluation

1.1 RF Exposure Compliance Requirement

The limit for Maximum Permissible Exposure (MPE) specified in FCC Part 1 Subpart |1 1.1310 is followed. The gain
of the antennas used in the product are extracted from the Antenna data sheets provided and also the maximum
total power input to the antenna is measured. Through the Friis transmission formula and the maximum gain of the
antenna, we can calculate the distance, away from the product, where the limit of MPE is reached.

Although the Friis Transmission formula is far field assumption, the calculated result of that is an over-prediction for

near field power density. It is taken as worst case to specify the safety range.

1.2 Test Reference Limits

According to FCC Part 1 Subpart | 1.1310 The criteria listed in the following table shall be used to evaluate the

environmental impact of the human exposure to radio-frequency (RF) radiation as specified in 1.1307 (b)

Table 1: Limits for Maximum Permissible Exposure (MPE) as per FCC

Frgc;t;t;r;cy Electric Field Magnetic Field Power Density
(MH2) Strength (V/m) Strength (A/m) (mW/cm?)
Limits for Occupational / controlled Exposures

300 - 1500 - - F/300

1500 — 100000 - - 5.0
Limits for General population / Uncontrolled Exposure

300 - 1500 - - F/1500

1500 — 100000 - - 1.0

F or f = Frequency in MHz

Table 2: Limits for Maximum Permissible Exposure (MPE) as per ISED Canada

Frequency Range Electric Field Magnetic Field Power Density
(MH2z) (V/m rms) (A/m rms) (W/m?2)
Limits for Occupational / controlled Exposures

100-6000 |  15.60f"0.25 | 0.04138f0.25 | 0.6455f10.5
Limits for General population / Uncontrolled Exposure
300-6000 | 3.142 f70.3417 | 0.008335f0.3417 | 0.02619f0.6834

F or f = Frequency in MHz
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Friss Formula

Friss Transmission Formula: Pd = (Pout * G) / (4*pi*r2)

Where,

Pd = power density in mW/cm?

Pout = output power to antenna in mwW
G = gain of antenna in linear scale
Pi=3.1416

R = Distance between observation point and the center of radiator in cm

If we know the maximum gain of the antenna and the total output power to the antenna, through calculation.

Test Results:

Antenna details:

Protocol Antenna Frequency Range Antenna Gain
Type (MH2) (dBi)
600-700 -0.5
700-810 1.4
i 20- 1.
LTE, WCDMA. Primary 820-960 0
GSM Antenna 1700-2170 2.3
(External) 2300-2400 15
2400-2500 1.6
2500-2690 2.8
Maximum
measured Max
RF output power Antenna Min Power
Radio Frequency power Including o Separation . Limit
Band ; Gain in ! Density
Protocol (MHz) with tune- tune-up ) distance (mW/cm2)
linear (Pd)(mW/cm?)
up tolerance (CM)
procedure * (MW)
(dBm)
B2 1857.5 26.92 492.0395 1.6982 20 0.1662 1
B4 1753.5 26.28 424.6196 1.6982 20 0.1435 1
B5 836.5 26.75 473.1513 1.2589 20 0.1185 0.5577
B7 2562.5 26.22 418.7936 1.9055 20 0.1588 1
B12 700.50 25.76 376.7038 1.3804 20 0.1035 0.4670
LTE B13 782.00 26.17 413.9997 1.3804 20 0.1137 0.5213
B25 1882.5 26.27 423.6430 1.6982 20 0.1431 1
Bzgz(i)l“' 819.00 26.74 | 472.0630 | 1.3804 20 0.1296 0.5460
8286‘%)24_ 825.50 26.82 480.8393 1.2589 20 0.1204 0.5503
B38 2577.50 26.92 492.0395 1.9055 20 0.1865 1
B41 2506.00 19.83 96.1612 1.9055 20 0.0365 1
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Maximum
measured Max .
. RF output power Antenna Min . Power .
Radio Frequency Including o Separation - Limit
Band power Gain in ! Density
Protocol (MHz) . tune-up - distance (mW/cm2)
with tune- linear (Pd)(mW/cm?2)
tolerance (CM)
up value * (MW)
(dBm)
B2 1907.6 24.93 311.1716 1.6982 20 0.1051 1
WCDMA B4 1752.60 24.38 274.1574 1.6982 20 0.0926 1
B5 846.60 24.61 289.0680 1.2589 20 0.0724 0.5644
850 848.80 22.49 177.4966 1.2589 20 0.0445 0.5659
GSM
PCS 1900 1909.8 23.09 203.7933 1.6982 20 0.0689 1
*Note: The duty correction factor of 9.21 dB is subtracted from the measured power for GSM.
Test Results for ISED:
Maximum Max
measured ower Min
. RF output pOwWE Antenna . Power .
Radio Frequency Including o Separation - Limit
Band power Gain in b Density
Protocol (MHz) / tune-up : distance (W/im2)
with tune- | linear CM (Pd)(W/m?2)
up value t(i era\?vce (Cm)
(dBm) (mwW)
B2 1857.5 26.92 492.0395 1.6982 20 1.6623 4.4887
B4 1753.5 26.28 424.6196 1.6982 20 1.4346 4.3154
BS 836.5 26.75 473.1513 1.2589 20 1.1850 2.6022
B7 2562.5 26.22 418.7936 1.9055 20 1.5876 5.5926
B12 700.50 25.76 376.7038 1.3803 20 1.0345 2.3051
LTE B13 782.00 26.17 413.9997 1.3803 20 1.1369 2.4852
B25 1882.5 26.27 423.6430 1.6982 20 1.4313 4.5299
8252(2)14' 819.00 26.74 | 472.0630 | 1.3804 20 1.2964 2.5649
Bzggf“' 825.50 2682 | 480.8393 | 1.2589 20 1.2043 25788
B38 2577.50 26.92 492.0395 1.9054 20 1.8653 5.6150
B41 2506.00 19.83 96.1612 1.9054 20 0.3645 5.5081
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Maximum
measured Max .
Radio Frequenc RF output Inrc):(ljlm?rz Antenna Se 'erlgtion Power Limit
Band d y power g Gain in P Density
Protocol (MHz) . tune-up - distance R (Wim2)
with tulne- tolerance linear (M) (Pd)(W/m?2)
up value .
(dBm) (mW)
B2 1907.6 24.93 311.1716 1.6982 20 1.0513 45711
WCDMA B4 1752.60 24.38 274.1574 1.6982 20 0.9262 4.3139
B5 846.60 24.61 289.0680 1.2589 20 0.7240 2.6237
850 848.80 22.49 177.4966 1.2589 20 0.4443 2.6283
GSM
PCS 1900 1909.8 23.09 203.7933 1.6982 20 0.6882 45747
*Note:

1. The duty correction factor of 9.21 dB is subtracted from the measured power for GSM.

1.3 Conclusion

The Power density of the EUT is less than defined limit as shown above. Hence, it's meeting the RF Exposure

evaluation.
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