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Mesh Networks Spectrum 

• Operating Privileges  under FCC Part 97 

• Non-Shared Operating Frequencies 

• Using Channel -2     What’s the big deal? 

• Channel -1 vs. Channel +1    War!! 

• Bandwidth:   20 MHz vs. 10 MHz, vs. 5 MHz 

• 5.8 GHz Unshared Channels 

• 3.4 GHz Unshared Channels  Pure Gold! 

 

 



Mesh Network Spectrum Use 

802.11 Channels (5 MHz) 

Free-for-All Trash Band 

• IEEE 802.11  TCP/IP Protocol 

• Microwave Ham Bands                                     Shared     Un-Shared 

– 900 MHz (33cm) …………………………………….. 

– 2.4 GHz (13cm) …………………………………………….  8   2 

– 3.4 GHz  (9cm) ……………………………………………………………  24 

– 5.8 GHz  (5 cm)……………………………………………  45   7 
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May Be Used As A Single 10 MHz Channel 
Or 

As A Single 5 MHz Channel 
Centered on Channel -2 

 

Bandwidths of 5 MHz and 10 MHz Can Not 
Be Used Concurrently in the Same Air-Space  



IEEE 802.11  Wireless LAN Spectrum 

5.8 GHz -- 5 cm Band -- USA  

Primary 

Frequency (MHz) 
5740 5760 5780 5800 5820 5840 5860 5880 5900 5920 5660 

                                           Amateur Part 97                           Satellite – Space to Earth 

132 168 160 172 164 176 184 180 

5680 5700 5720 

ITS    Satellite 

7 UnShared 

136 140 144 148 152 156 

45 Channels                            Unlicensed  ISM     Part 15  WiFi  

Hams Primary 

Frequency (MHz) 

802.11 b/g Channel Center Frequencies: 

2417 

Unlicensed ISM  -- Industrial, Scientific, Medical     
 FCC Part 15  WiFi 

2390 2400 2410 2420 2430 2440 2450 2460 2470 2480 2490 2500 

Amateur Part 97 

1 2 3 4 5 6 7 8 9 10 11 12 13 

2300 2310 2320 2330 2340 2350 2360 2370 2380 

Pt 97 

Non-Amateur Use 

2.4 GHz  -  13 cm Band – USA 

WiFi 

Un 
Shared 
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Wireless LAN Spectrum 

Part 15 –  Unlicensed Use – Cordless Phones, Wireless Headphones, Consumer Electronics 

Amateur Part 97 – FM Transceivers & Repeaters  

Licensed  ISM Use  -- Industrial, TeleTrak, Medical, Government, Military, Radar 

Frequency (MHz) 

918 920 922 924 926 928 902 904 906 908 910 912 914 916 

902.005 927.995 

900 MHz  --  33cm Band – USA   Useful – Especially with Trees           

Amateur Part 97 

Frequency (MHz) 

3390 3400 3410 3420 3430 3440 3450 3460 3470 3480 3490 3500 3300 3310 3320 3330 3340 3350 3360 3370 3380 

82 94 92 76 78 80 96 98 99 86 90 88 84 802.11 Channel Center Frequencies: 

FCC Licensed  Radio Location Service 

AREDN Firmware Coverage with Ubiquiti   --  24 Channels 

Un-Shared 

3.4 GHz – 9 cm Band – USA 

5 

Lots of Unlicensed Users; Site Survey Highly Recommended 



-4        -3        -2       -1        0 
2.387      2.392     2.397      2.402     2.407    

Channel  -1  @ 22 MHz 

-4        -3        -2       -1        0 
2.387      2.392     2.397      2.402     2.407    

Channel -2 @ 11 MHz 

Channel Conflict – Channel +1 vs. Channel -1 

Uncontrolled Collisions  Packet Loss 

Operation on Channel -2 @ 10 MHz Bandwidth   No Mutual Interference 

Channel +1 at 20 MHz Bandwidth 



Different Modes – Different Spectra 
Traditional FM Modulation Theory 

A Single Carrier with Multiple Sub-Carriers 

WiFi Modes b & g 

Typically Represented 

Multi-Carrier OFDM  

Orthogonal Frequency Division Multiplex 

WiFi Mode n 

Sideband Amplitudes Diminish 

As They Extend from Carrier Frequency All Carriers are Full Amplitude 

 

64 OFDM Carriers Within A  

22 MHz WiFi Channel Width 

 

Power Spectral Density Uniform 

 

• Loss of Carriers At Band Edge 

• Lose data carried by those carriers 

• Compensate with Forward Error 

Correction (FEC – Redundancy) 



Channel +1 Conflicts with Channel -1 
Regardless of Channel -1 Bandwidth! 

64 OFDM Subcarriers 
On Channel +1 

64 OFDM Subcarriers 
On Channel -1 

64 OFDM Subcarriers 
On Channel +1 

32 OFDM Subcarriers 
On Channel -2 

Uncontrolled Collisions  Packet Loss 



-4         -3        -2         -1          0 
2.387   2.392    2.397   2.402    2.407    

Part 97  Primary 

2390 2450 2417 

Part 97  Secondary 

2.4 GHz Band Limits  -- Part 97 
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• Early Mesh Use of Linksys – Forced Use of Channel +1 @ 20 MHz 
• Mesh Networks On Ch +1 Encountered Noise/Interference  from  Consumer  WiFi 
• New AREDN Firmware  Use of Channel -2 @ 5MHz or 10 MHz Bandwidth 
• Channel -2 Un-Shared   SIGNIFICANTLY  Improved Mesh Performance 
• Use of 5 MHz Bandwidth vs. 10 MHz Bandwidth on Channel -2 is a tradeoff: 

• Reducing bandwidth may improve S/N ratio, which may reduce packet loss within bandwidth used 
• But..reducing bandwidth will reduce maximum possible bit-rate by approximately one half. 
• If band is clean, and path length reasonable, 10 MHz seems to work best; reducing bandwidth 

under these conditions only reduces bit-rate. 
• If band is noisy, or path length long, reducing bandwidth may actually improve bit-rate. 

• Bandwidths of 5 MHz and 10 MHz Cannot be Used Concurrently In Same Air-Space 
• Concurrent use enables mutual interference, ODFM Carrier Doubling, Collisions, Packet Loss 



5.8 GHz Band Limits  -- Part 97 

Part 97 Shared 

5925 5885 

169      170      171      172     173      174      175       176       177     178       179     180      181      182       183      184      185 
5845        5850     5855      5860      5865      5870      5875       5880       5885      5890       5895     5900       5905      5910       5915      5920      5925   

Part 97  Un-Shared 133 
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• Sharing Frequencies On 5.8 GHz Still Common 

• Noise/Interference not a problem….. YET 

• AREDN Firmware  Enables Use of Un-Shared Channels 

• Part 97 Un-shared Will Become More Important…. As Consumer Use of 5.8 GHz grows 

• Nodes can not use different bandwidths on the same (or overlapping) channels 

Four Channels 10 MHz Wide 

Two Channels   20 MHz Wide 

Seven Channels  5 MHz Wide 



Mesh Power Levels 

 ISM Channels:  

• Spec: IEEE 802.11  

• Channels have 5 MHz spacing  

• Signals are 20 MHz wide… so each signal uses parts 
of 5 adjacent channels  

• The only channels that would not overlap… if they 
were the only signals on the air, … are 1, 6, and 11. 
Amateur Part 97 Use:  

• Hams may use ISM Channels 1-8 under Part 97  

• Ham use is Primary… only for ISM Channel 1  

• HSMM runs on Channel 1…. Centered on 2412  

• Some Ubiquity equipment will operate on 2397  

 

Bandwidth/Transfer Rates and Modulation Types  

• Modulation type changes as function of signal 
strength and IEEE Standard  

• 802.11b – spread spectrum - Rates between 1-11 
mbps  

• 802.11g – BPSK, QPSK, 16-QAM modulation – Rates 
between 6 and 54 mbps  

 

Power Levels:  

• FCC Part 15 Limits Power Output to 1.0 

watt  

• Home Devices: typically .05 -- .1 watt  

• Linksys Routers: Factory Adjust .04 watts  

• Linksys Running HSMM: Max Output 19 dbm 

= .079 watts  

• Some Ubiquiti hardware: 0.7 watts +  

• FCC Part 15 Rule: Limit ERP (Effective 

Radiated Power)  

• Reduce Xmtr Power by 1db for each 

3db of antenna gain, in excess of 6db  

• Example: If using 18 db gain antenna  

• 18db – 6db = 12 db  

• 2 db/3= 4db  

• 1 watt-4dbm= 1watt-.397 

watt=600mw  

FCC Part 97 Limit: 1500 watts..  

• Limit is component cost = $$$$  

• However, consider:  

• 24db gain Antenna , with 8° 

beamwidth  

• 0.8 watt Ubiquiti Xmtr  

• Total Cost $160  

• ERP is 200 watts  

 



Mesh Power Levels 

FCC Part 15 Limits 
 

• Transmitter Power Output Limited to 1.0 Watt 
• Home devices: typically .05 watt --.1 watt 

• Linksys Routers:  .04 watts from factory 

• Linksys Running HSMM:  Max 19dbm = .079 watt 

• Ubiquiti HP Units:  28dbm = 0.7 watt 

 

• FCC Part 15: Limit ERP (Effective Radiated Power) 
• Reduce Transmitter Power Out 1db for each 3db of 

antenna gain, in excess of 6db 

 

• Ubiquiti HP with 6dbi Antenna 
• 28dbm + 6dbi = 34 dbm    2.51 watts ERP 

 

 

• Ubiquiti HP with 15 dbi Omni Antenna 
• 15dbi – 6db = 9dbi 

• 9dbi/3= 3db  required reduction 

• [28dbm-3db] + 15dbi = 40dbm   10 watts ERP  

 

 

• Ubiquiti AirGrid  with 27 dbi Antenna 
• 27dbi – 6db = 21db 

• 21db/3 = 7db  required Reduction 

• [28dbm-7db] + 27dbi = 48 dbm  63 watts ERP 

FCC Part 97 Limits 
 

• Transmitter Output Limited to 1500 watts PEP 
• Unless Otherwise Stated 

• 802.11b  on 2.4 GHz uses DSSS  

• (Direct Sequence Spread Spectrum) 

• Transmitter Output Limited to 10 watts PEP  40dbm 

• All Other Digital Modes and Bands – 1500 watts PEP 

• 802.11a,  802.11g,  802.11n 

 

 
 

• Ubiquiti HP with 6dbi Antenna 
• 28dbm + 6dbi = 34 dbm    2.51 watts ERP 

 

 

• Ubiquiti HP with 15 dbi Omni Antenna 
• 28dbm +15 dbi = 43dbm   20 watts ERP 

 

 

 
• Ubiquiti AirGrid  with 27 dbi Antanna 

• 28dbm + 27dbi = 55dbm  316 watts ERP 

=3db 

=7db 


