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2310 to 2390 MHz, 3m distance  

MCS8 (MIMO) 

  
Lower band edge, Average (Low Channel) Lower band edge, Peak (Low Channel) 

 
 

2483.5 to 2500 MHz Restricted band  
MCS8 (MIMO) 

  
Upper band edge, Peak (High Channel) Upper band edge, Average (High Channel) 
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Data Tables 

 
Lower Band-Edge 

 

 
 

Upper Band-Edge 
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Conducted Band Edge Reference Pictures 
Refer to pictures below for reference point for emissions. Display lines on spurious pictures 

do not represent limit line. 
 
 

1MBPS  

 
 

6MBPS  

 
 

MCS0  
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MCS8 

 
Ant. Port 1 

 

 
Ant. Port 2 

 
 

MCS11 

 
Ant. Port 1 
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Ant. Port 2 

 
 

MCS15 

 
Ant. Port 1 

 

 
Ant. Port 2 
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Band-edge in 100 kHz bandwidth (Conducted Band Edge) 
Note: Limits shown are not Conducted Spurious limits.  
 

Lower Band Edge Reference 1 Mbps 

 
Limit for lower band edge to be less than: 6.543 dBm (shown in above plot) – 30 dBc = -23.45 dB, 
as long as the lower band edge is less than the limit line the 30 dBc or greater criteria for spurious 

emissions in 100 kHz BW is met. 
 

WLAN  
1MBPS 

  
Upper band-edge (High) Lower band-edge (Low) 
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Lower Band Edge Reference 6 Mbps 

 
Limit for lower band edge to be less than: 2.499 dBm (shown in above plot) – 30 dBc = -27.50 dB, 

as long as the lower band edge is less than the limit line the 30 d23Bc or greater criteria for 
spurious emissions in 100 kHz BW is met. 

 
6MBPS 

  
Upper band-edge (High) Lower band-edge (Low) 
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Lower Band Edge Reference MCS0 

 
Limit for lower band edge to be less than: 2.832 dBm (shown in above plot) – 30 dBc = -27.16 dB, 
as long as the lower band edge is less than the limit line the 30 dBc or greater criteria for spurious 

emissions in 100 kHz BW is met. 
 

MCS0 

  
Upper band-edge (High) Lower band-edge (Low) 
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Lower Band Edge Reference MCS8 

 
Limit for lower band edge to be less than: 2.729 dBm (shown in above plot) – 30 dBc = -27.27 dB, 
as long as the lower band edge is less than the limit line the 30 dBc or greater criteria for spurious 

emissions in 100 kHz BW is met. 
 

MCS8, Worst Case Ant. Port Plots Displayed 

  
Upper band-edge (High) Lower band-edge (Low) 
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Lower Band Edge Reference MCS11 

 
Limit for lower band edge to be less than: 3.185 dBm (shown in above plot) – 30 dBc = -26.84 dB, 
as long as the lower band edge is less than the limit line the 30 dBc or greater criteria for spurious 

emissions in 100 kHz BW is met. 
 

MCS11, Worst Case Ant. Port Plots Displayed 

   
Upper band-edge (High) Lower band-edge (Low) 
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Lower Band Edge Reference MCS15 

 
Limit for lower band edge to be less than: -1.499 dBm (shown in above plot) – 30 dBc = -31.50 dB, 
as long as the lower band edge is less than the limit line the 30 dBc or greater criteria for spurious 

emissions in 100 kHz BW is met. 
 
 

MCS15, Worst Case Ant. Port Plots Displayed 

  
Upper band-edge (High) Lower band-edge (Low) 

 
 

The Range 2300 – 2400 MHz for the complete lower band edge is now represented by the following 
table:   

  
Note: The positive margins in the table above verifies that all peak emissions outside the 

authorized frequency band are at least 30 dB below the in-band peak PSD level in 100kHz BW. 
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EXHIBIT 9. POWER OUTPUT (CONDUCTED):  15.247(b) 
 
Test Engineer(s): Shane Dock 
 

9.1 - Method of Measurements 
The conducted RF output power of the EUT was measured at the antenna port using a short RF cable 
along with an attenuator as protection for the spectrum analyzer. The loss from the cable and the 
attenuator were added on the analyzer as gain offset settings there by allowing direct measurements 
without the need for any further corrections. The unit was configured to run in a continuous transmit 
mode, while being supplied with typical data as a modulation source.  

Measurement procedure used was FCC OET KDB 558074 D01 Measurement Guidance v04 
section 9.2.2.4 for 1 Mbps and 9.2.2.6 for the other data rates.  

 

9.2 - Test Data 
 
 
The data reported includes all necessary correction factors. These correction factors are loaded onto 
the EMI receiver when measurements are performed.  
 
Reported Measurement data = Raw receiver measurement (dBm) + Cable factor (dB) + 
Miscellaneous factors when applicable (dB). 
 
Generic example of reported data at  2440 MHz: 
 
Reported Measurement data = 8.55 (raw receiver measurement in dBm ) + 0.85 (cable factor 
in dB)  = 9.4 (dBm). 
 
Peak Conducted Output Power Limit = 1 Watt (30 dBm). 
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9.2.1. Maximum Conducted Average Power: 
 

9.2.1.1 Duty cycle: 

Measurement procedure: FCC OET KDB 558074 D01 Measurement Guidance v04.  

Example scree captures:  

 
Duty Cycle: (1 MBPS), On Time 

 
Duty Cycle: (1 MBPS). Off Time 

 
Duty Cycle Data for All Data Rates 
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9.2.1.2 Maximum conducted average output power: 
 

Data 

 
 

Measurement procedure for MIMO Output Power: FCC OET KDB 662911 D01 Measurement 
Guidance v02r01.  
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Example Screenshots 
Note: Worst case channel shown, worst case port and channel shown for MIMO. 

 
1MBPS 

 
 

6 MBPS 

 
 

11 MBPS 
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54 MBPS 

 
 

MCS0 
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MCS7 

 
 

MCS8 
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MCS11 

 
 

MCS15 
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EXHIBIT 10. CONDUCTED SPURIOUS EMISSIONS: 15.247(d) 
 
Test Engineer(s):  Shane Dock 
 

10.1 - Limits 
In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally 
modulated intentional radiator is operating, the radio frequency power that is produced by the 
intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that 
contains the highest level of the desired power, based on either an RF conducted or a radiated 
measurement. 
 
 
 

10.2 – Conducted Harmonic And Spurious RF Measurements 
 
FCC Part 15.247(d) and IC RSS 247 both require a measurement of conducted harmonic and 
spurious RF emission levels, as reference to the carrier level when measured in a 100 kHz bandwidth.  
For this test, the spurious and harmonic RF emissions from the EUT were measured at the EUT 
antenna port using a short RF cable along with an attenuator as protection for the spectrum analyzer. 
The loss from the cable and the attenuator were added on the analyzer as gain offset settings, thereby 
allowing direct readings of the measurements made without the need for any further corrections. A 
spectrum analyzer was used with the resolution bandwidth set to 100 kHz for this portion of the tests.  
The unit was configured to run in a continuous transmit mode, while being supplied with typical data 
as a modulation source. The spectrum analyzer was used with measurements from a peak detector 
presented in the chart below.  Screen captures were acquired and any noticeable spurious and 
harmonic signals were identified and measured.  

 
Measurement procedure used was FCC OET KDB 558074 D01 Measurement Guidance v04 
section 11. 
 
The data reported includes all necessary correction factors. These correction factors are loaded onto 
the EMI receiver when measurements are performed.  
 
Reported Measurement data = Raw receiver measurement (dBm) + Cable factor (dB) + 
Miscellaneous factors when applicable (dB). 
 
Generic example of reported data at  2440 MHz: 
 
Reported Measurement data = 8.55 (raw receiver measurement in dBm ) + 0.85 (cable factor 
in dB)  = 9.4 (dBm). 
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10.3 - Test Data 
 
The data presented below are samples selected from the various data rates and channels tested 
(worst case emissions chosen). Display lines on captures do not represent limit lines, so refer to the 
fundamental picture for limits. Pictures below are samples. 

 
1 MBPS 

   
30 to 1000 MHz 1000 to 10000 MHz 10000 to 25000 MHz 

 
6 MBPS 

   
30 to 1000 MHz 1000 to 10000 MHz 10000 to 25000 MHz 

 
MCS0 

   
30 to 1000 MHz 1000 to 10000 MHz 10000 to 25000 MHz 
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MCS8 

   
30 to 1000 MHz 1000 to 10000 MHz 10000 to 25000 MHz 

 
MCS11 

   
30 to 1000 MHz 1000 to 10000 MHz 10000 to 25000 MHz 

 
MCS15 

   
30 to 1000 MHz 1000 to 10000 MHz 10000 to 25000 MHz 

 
Note: All emissions are at least 15-20 dB below the limit. 
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EXHIBIT 11. POWER SPECTRAL DENSITIES: 15.247(e) 
 

11.1 Limits 
For digitally modulate systems, the power spectral density conducted from the intentional radiator 
to the antenna shall not be greater than 8 dBm in any 3 kHz band during any time interval of 
continuous transmission. 
 
In accordance with FCC Part 15.247(e) and RSS 247, the peak power spectral density should not 
exceed  +8 dBm in any 3 kHz band.  This measurement was performed along with the conducted 
power output readings as described in previous sections.  The peak output frequency for each 
representative frequency was scanned, with a narrow bandwidth, and reduced sweep, and a power 
density measurement was performed.   

Measurement procedure used was FCC OET KDB 558074 D01 Measurement Guidance v04 
section 10.5 for 1 and 11 MBPS, 10.7 for other data rates. 
 
The data reported includes all necessary correction factors. These correction factors are loaded onto 
the EMI receiver when measurements are performed.  
 
Reported Measurement data = Raw receiver measurement (dBm) + Cable factor (dB) + 
Miscellaneous factors when applicable (dB). 
 
Generic example of reported data at  2440 MHz: 
 
Reported Measurement data = 8.55 (raw receiver measurement in dBm ) + 0.85 (cable factor 
in dB)  = 9.4 (dBm). 
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11.2 Test Data 
 

. 
 

Measurement procedure for MIMO PSD: FCC OET KDB 662911 D01 Measurement Guidance 
v02r01.  
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11.3 Screen Captures – Power Spectral Density 
 

Example Screen Captures: 
 

WLAN Channel (1 MBPS) 
 

Low 

 
Mid 

 
High 
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WLAN Channel (6 MBPS) 
 

Low 

 
Mid 

 
High 
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WLAN Channel (11 MBPS) 
 

Low 

 
Mid 

 
High 
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WLAN Channel (54 MBPS) 
 

Low 

 
Mid 

 
High 
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WLAN Channel (MCS0) 

 
Low 

 
Mid 

 
High 
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WLAN Channel (MCS7) 
 

Low 

 
Mid 

 
High 
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EXHIBIT 12. FREQUENCY STABILITY OVER VOLTAGE 
VARIATIONS 
 
Test Engineer(s): Shane Dock 
 
The frequency stability of the device was examined as a function of the input voltage available to the 
EUT. A Spectrum Analyzer was used to measure the RF output power and frequency at the 
appropriate frequency markers. Power was supplied by a variable voltage supply. The nominal test 
voltage was varied ±15% from the nominal value. If the unit could not be changed by ±15% it was 
instead changed to its minimum or maximum value. 
 
The power was then cycled On/Off to observe system response.  No unusual response was observed, 
the emission characteristics were well behaved, and the system returned to the same state of 
operation as before the power cycle. The EUT was found to be better than 100 ppm. 
 
 

Data 
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APPENDIX A – Test Equipment List 
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APPENDIX B – Test Standards: CURRENT PUBLICATION DATES RADIO 
 

STANDARD # DATE Am. 1 Am. 2 
ANSI C63.4 2014   

ANSI C63.10 2013   

FCC 47 CFR, Parts 0-15, 18, 
90, 95 2017   

RSS GEN 2014   

RSS 247 2017   
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APPENDIX C - Uncertainty Summary 
 
Using the guidance of the following publications the calculated measurement uncertainty represents an 
expanded uncertainty expressed at approximately the 95 % confidence level, using a coverage factor of k = 2. 
 

References Version / Date 

CISPR 16-4-1 Ed. 2 (2009-02) 

CISPR 16-4-2 Ed. 2 (2011-06) 

CISPR 32 Ed. 1 (2012-01) 

ANSI C63.23 2012 

A2LA P103 February 4, 2016 

A2LA P103c August 10, 2015 

ETSI TR 100-028 V1.3.1 (2001-03) 

 

Measurement Type Configuration Uncertainty ± 

Radiated Emissions Biconical Antenna 5.0 dB 

Radiated Emissions Log Periodic Antenna 5.3 dB 

Radiated Emissions Horn Antenna 4.7 dB 

AC Line Conducted Emissions Artificial Mains Network 3.4 dB 

Telecom Conducted Emissions Asymmetric Artificial Network 4.9 dB 

Disturbance Power Emissions Absorbing Clamp 4.1 dB 

Radiated Immunity 3 Volts/meter 2.2 dB 

Conducted Immunity CDN/EM/BCI 2.4/3.5/3.4 dB 

EFT Burst/Surge Peak pulse voltage 164 volts 

ESD Immunity 15 kV level 1377 Volts 

 

Parameter ETSI U.C. ± U.C. ± 

Radio Frequency, from F0 1x10-7 0.55x10-7 

Occupied Channel Bandwidth 5 % 2 % 

RF conducted Power (Power 
Meter) 

1.5 dB 1.2 dB 

RF conducted emissions 
(Spectrum Analyzer) 

3.0 dB 1.7 dB 

All emissions, radiated 6.0 dB 5.3 dB 

Temperature 1° C 0.65° C 

Humidity 5 % 2.9 % 

Supply voltages 3 % 1 % 

 
 


