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where:
S = power density

1. MPE CALCULATION METHOD

P = power input to the antenna
G = power gain of the antenna in the direction of interest relative to an isotropic radiator
R = distance to the center of radiation of the antenna

2. ANTENNA SPECIFICATION

Calculation Method of RF Safety Distance:

For LE:
Ant. Brand IPN Antenna Type Connector Gain (dBi)
1 Vantiva 6338357D PCB N/A 5.9
Note: The antenna gain is provided by the manufacturer.
For Zigbee:
Ant. Brand IPN Antenna Type Connector Gain (dBi)
1 Vantiva 6338356D PCB N/A 6.7
Note: The antenna gain is provided by the manufacturer.
For Thread:
Ant. Brand IPN Antenna Type Connector Gain (dBi)
1 Vantiva 6338355D PCB N/A 6
Note: The antenna gain is provided by the manufacturer.
For Sub 1G (HL):
Ant. Brand IPN Antenna Type Connector Gain (dBi)
1 Vantiva 6341773C PCB N/A 2.40
Note: The antenna gain is provided by the manufacturer.
For Sub 1G (LR1 500Kbps / LR1 125Kbps):
Ant. Brand IPN Antenna Type Connector Gain (dBi)
1 Vantiva 6338358D PCB N/A 2.40
Note: The antenna gain is provided by the manufacturer.
For Sub 1G (LR2):
Ant. Brand IPN Antenna Type Connector Gain (dBi)
1 Vantiva 6341772C PCB N/A 1.70

Note: The antenna gain is provided by the manufacturer.
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where

Each antenna is driven by no more than one spatial stream:
Nis = the mumnber of independent spatial streams of data;
Nywr = the total mumber of antennas

ga=1

G120

Gy, 15 the gain in dBi of the kth antenna.

2) For TXBF: Directional gain=6.28 dBi. So, the output power limit is 30-(6.28-6)=29.72
3) The antenna gain and beamforming gain are provided by the manufacturer.

For WiFi 2.4G:
Ant. Brand IPN Antenna Type Connector Gain (dBi)
1 Vantiva 6338351C PCB IPEX 5.4
2 Vantiva 6338352C PCB IPEX 6.1
Note:
1) For CDD: Directional gain=4.82 dBi.
%\‘ J"'xr.l.\'n' 1
;1, l ; g} k
DirectionalGain =10-log| T——
N o

if the kth antenna is being fed by spatial stream f, or zero if it is not;

For WiFi 5G:
Ant. Brand IPN Antenna Type Connector | Gain (dBi) Note
1 Vantiva 6338351C PCB IPEX 7.00
2 Vantiva 6338352C PCB IPEX 7.50 UNI-
1 Vantiva 6338351C PCB IPEX 7.40
2 Vantiva 6338352C PCB IPEX 8.90 VNI
Note:

1) For CDD: UNII-1 Directional gain=6.25 dBi; So, the UNII-1 output power limit is 30-(6.25-6)=29.75, the
power spectral density limit is 17-(6.25-6)=16.75.
UNII-3 Directional gain=6.38 dBi; So, the UNII-3 output power limit is 30-(6.38-6)=29.62, the power
spectral density limit is 30-(6.38-6)=29.62.

DirectionalGain =10-log

whers
Each antenna is driven by no more than one spatial stream;
Nis = the mumber of independent spatial streams of data;
N oy = the total number of antennas

2= 10 "% if the kth antenna is being fed by spatial stream , or zero if it is not;
;. 15 the gain in dBi of the kth antenna.
2) For TXBF: UNII-1 Directional gain=6.30 dBi. So, the output power limit is 30-(6.30-6)=29.70.
UNII-3 Directional gain=6.83 dBi. So, the output power limit is 30-(6.83-6)=29.17.
3) No TXBF: The maximum directional gain at any elevation angle above 30 degrees as measured from
the horizon is -4.96 dBi.
4) For TX BF: The maximum directional gain at any elevation angle above 30 degrees as measured from
the horizon is -3.21 dBi.
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3. TABLE FOR ANTENNA CONFIGURATION
For WiFi 2.4G:
For Non Beamforming:
Operating Mode
i k TX Mode 21X
IEEE 802.11b V(Ant. 1 + Ant. 2)
IEEE 802.11g V(Ant. 1 + Ant. 2)
IEEE 802.11n(HT20) V(Ant. 1 + Ant. 2)
IEEE 802.11n(HT40) V(Ant. 1 + Ant. 2)
IEEE 802.11ax(HE20) V(Ant. 1 + Ant. 2)
IEEE 802.11ax(HE40) V(Ant. 1 + Ant. 2)
For Beamforming:
Operating Mode
P 5 TX Mode 21X
IEEE 802.11n(HT20) V(Ant. 1 + Ant. 2)
IEEE 802.11n(HT40) V(Ant. 1 + Ant. 2)
IEEE 802.11ax(HE20) V(Ant. 1 + Ant. 2)
IEEE 802.11ax(HE40) V(Ant. 1 + Ant. 2)
For WiFi 5G:
For Non Beamforming:
Operating Mode
i ° TX Mode 21X
IEEE 802.11a V (Ant. 1 + Ant. 2)
IEEE 802.11n(HT20) V (Ant. 1 + Ant. 2)
IEEE 802.11n(HT40) V (Ant. 1 + Ant. 2)
IEEE 802.11ac(VHT20) V (Ant. 1 + Ant. 2)
IEEE 802.11ac(VHT40) V (Ant. 1 + Ant. 2)
IEEE 802.11ac(VHT80) V (Ant. 1 + Ant. 2)
IEEE 802.11ax(HE20) V (Ant. 1 + Ant. 2)
IEEE 802.11ax(HE40) V (Ant. 1 + Ant. 2)
IEEE 802.11ax(HE80) V (Ant. 1 + Ant. 2)
For Beamforming:
Operating Mode
i > TX Mode 21X
IEEE 802.11n(HT20) V (Ant. 1 + Ant. 2)
IEEE 802.11n(HT40) V (Ant. 1 + Ant. 2)
IEEE 802.11ac(VHT20) V (Ant. 1 + Ant. 2)
IEEE 802.11ac(VHT40) V (Ant. 1 + Ant. 2)
IEEE 802.11ac(VHT80) V (Ant. 1 + Ant. 2)
IEEE 802.11ax(HE20) V (Ant. 1 + Ant. 2)
IEEE 802.11ax(HE40) V (Ant. 1 + Ant. 2)
IEEE 802.11ax(HE80) V (Ant. 1 + Ant. 2)
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4. CALCULATED RESULT

For 2.4GHz Non Beamforming:

Antenna Gain Antenna Max. Output Max. Output Power Densit Limit of Power
. Gain Power Power 2y Density (S) | Test Result
(dBi) (numeric) (dBm) mw) | S)YMWem) 1 wrem?)
4.82 3.0339 29.27 845.2788 0.22687 1 Complies
For 2.4GHz Beamforming:
Antenna Gain Antenna Max. Output Max. Output Power Densit Limit of Power
. Gain Power Power Y Density (S) | Test Result
(dBi) (numeric) (dBm) (mW) (S) (mW/em?) (mW/cm?)
6.28 4.2462 27.91 618.0164 0.23215 1 Complies
For 5GHz UNII-1 Non Beamforming:
Antenna Gain Antenna Max. Output | Max. Output Power Densit Limit of Power
. Gain Power Power 4 Density (S) | Test Result
(dBi) (numeric) (dBm) (mW) (S) (mW/em®) (mW/cm?)
6.25 4.2170 25.83 382.8247 0.14281 1 Complies
For 5GHz UNII-1 Beamforming:
Antenna Gain Antenna Max. Output | Max. Output Power Densit Limit of Power
(dBi) Gain Power Power (S) (lecngl Density (S) |Test Result
(numeric) (dBm) (mW) (mW/cm?)
6.30 4.2658 24.16 260.6154 0.09835 1 Complies
For 5GHz UNII-3 Non Beamforming:
Antenna Gain Antenna Max. Output | Max. Output Power Densit Limit of Power
(dBi) Gain Power Power (S) (lecngl Density (S) |Test Result
(numeric) (dBm) (mW) (mW/cmz)
6.38 4.3451 26.34 430.5266 0.16549 1 Complies
For 5GHz UNII-3 Beamforming:
Antenna Gain Antenna Max. Output | Max. Output Power Densit Limit of Power
(dBi) Gain Power Power (S) (lecngl Density (S) | Test Result
(numeric) (dBm) (mW) (mW/cmz)
6.83 4.8195 26.11 408.3194 0.17409 1 Complies
For LE:
. Antenna Max. Output | Max. Output .. | Limit of Power
Ante(n dn;i)Galn Gain Power Power ?g;vfnzv?/?g;gg' Density (S) | Test Result
(numeric) (dBm) (mW) (mW/cmz)
5.9 3.8905 19.93 98.4011 0.03387 1 Complies
For Sub 1G (LR1):
. Antenna Max. Output | Max. Output .. | Limit of Power
Ante(n an;)Gam Gain Power Power I?g\)/v(enr;vli\);/aé];lztg/ Density (S) | Test Result
(numeric) (dBm) (mW) (mW/cmz)
24 1.7378 21.53 142.2329 0.02187 1 Complies
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For Sub 1G (LR2):

Antenna Gain Antenna Max. Output | Max. Output Power Densit Limit of Power
(dBi) Gain Power Power (S) (lecngl Density (S) | Test Result
(numeric) (dBm) (mW) (mW/cm?)
1.7 1.4791 27 501.1872 0.06558 1 Complies
For Sub 1G (HL):
. Antenna Max. Output | Max. Output .. | Limit of Power
Ante? dn;)Gam Gain Power Power I?(S)\)N(e r;V?/(/acr]:\gg/ Density (S) |Test Result
(numeric) (dBm) (mW) (mW/cm?)
2.4 1.7378 21.02 126.4736 0.01944 1 Complies
For Zigbee:
. Antenna Max. Output | Max. Output .. | Limit of Power
Ante(n dnBai)Galn Gain Power Power I?(S)\)N(e r;@?g;';{g/ Density (S) |Test Result
(numeric) (dBm) (mW) (mW/cm?)
6.7 4.6774 19.29 84.9180 0.03514 1 Complies
For Thread:
. Antenna Max. Output | Max. Output .. | Limit of Power
Ante(n dnBai)Galn Gain Power Power I?(S)\)N(e r;@?g;';{g/ Density (S) |Test Result
(numeric) (dBm) (mW) (mW/cm?)
6 3.9811 19.29 84.9180 0.02991 1 Complies
For the max simultaneous transmission MPE:
Ratio - .
> 4GHz 5GHzZ R R2 AL Zigbee Total Limit of Ratio | Test Result
0.23215 | 0.17409 | 0.02187 | 0.06558 | 0.01944 | 0.03514 | 0.54827 1 Complies
Note:

(1) The calculated distance is 30 cm.
(2) Ratio=Power Density (S) (mW/cmz)/Limit of Power Density (S) (mW/cmz)

End of Test Report
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