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 Those who love propagation anomalies
(Weak signal enthusiast)

 Those who don’t
(data link operators)
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Power Levels £

For simplicity, links use dB and dBm to
model performance

A relative change is measured in dB
dB=10 LOG (Relative intensity) B e

-50dBm strong

Specific levels measured in dBm | ouomea oy

(dB referenced to a milliwatt) o
40dBm=10W

etc
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Free Space Path Loss &@m
Loss (dB)=36.6+20LOG(Freq,,,,)+20LOG(Dist ,,..)

Great for calculating if there is nothing in the way
(including air) but a worthwhile place to start.

20 miles at 2.4GHz = 130dB
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Normal Propagation
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Anomalous Propagation
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 Multipath causes fading

If the combination of all incoming signals are in phase,
enhancement occurs..if out of phase (e.g. near —180 degrees),

attenuation occurs.

The shorter the wavelength, the more pronounced this may become
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What causes the LOS

—NTMS

multipath?

 Temperature, moisture and pressure

H%//Pressu[/-le\ght

"~ ) L ) - s \qh \1; IV Y - rt
S o Lines of equal-Temps " ™A ~n v -
SHE&—THLDG—_E‘OO‘FHLID DDII_:IPOOUTE DEIgQIEDDE }i{(g%FIF‘ 000 Lat =200 27.77 '4'65:"-' = -97,50

Weather service soundings indicate the “current” state of what's going on above
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Normal Propagation £

K Factor = Curvature of the Earth
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~ Fresnel Zone

[ =

Clearance Phe . :
S o ~ = Reilection causing
S 27 multipath
.

—

WWW.NTMS.ORG 10

Microwave



North
Texas

—NTMS

Path Clearance

Society

",
] ]
i ]
] ]
a ]
a ]
] f
& ]
] ]
o] ]
& ]
] ]
] ]
<] ]

H &
v} 0
- ]
1] o
H &
0] w
- &
] i
<) i
&

= _',_f_ [y 7
S .

—— PR
a 10 15
1 1 1 1 ] 1 1 1 1 ] 1 1 1 1 ] 1
Site: Dallas Fregquency: 6175 GHz =ite: Plano
Lat: 33 33 33 N Distance: 16.7 miles Lat: 33 44 44 N
Lon: 88 33 33 W Propagation Region: Average Lon: 88 44 44 W
Grnd Elew: 201 ft AWML Path Roughness: 20 f Grnd Elew: 194 ft AWML
Towver Hght: 300 ft AL K Walues: Inf1.33 1.33 Towver Hght: 300 ft AL
Azimuth: 32014 deg Azimuth: 140.04 deg

hain Ant Hoht: 167 1t hain Ant Hoght: 2335 1t



Fresnel Zones £

e Caused by diffraction by objects in path
e Even zones attenuate, odd enhance
e Fresnel zone radius calculation

dl=distance to transmitter in miles

did2 . . . .
Rien =728, e 4ivdy  d2=distance to receiver in miles
FeHz=Frequency in Gigahertz

* Conventional practice Is to ensure about a
0.6 Fresnel zone clearance along path
which provides best compromise to avoid
deep nulls. Don’t put antenna up too high!
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Fresnel Clearance

I&l Radio Link B3
Edit WView
[Elevation=194.0m Clearance=10.84m Fresnel=0.61F1 Distance=3.95km
PathlLozz=117.7dB R level=-55.6dEm R level=369.47 R Relative=34.4dB S59+10
— Tranzsmitter — Receiver
I . I .
ER =l (&3 =l
Raole Command Fole Cormmard
T syztem name 202,11 BBL Grill R syztern name 20211 BBO Grill
T power [ 0.040 ERF=4.3 EIRP=E.0 Antenna gain [dBi]  24.0
Line losz [dB] 1.0 Line lozz [dB] 1.0
Antenna gain [dBi]  24.0 R senzitiviby [p0] 700 [-30.1 dBm ]

Antenna height [m] |2|:|_ N

Apply |

Antenna height [m] |3|:|_|:|

Apply |

— et

|2.4GHZ

-l

— Frequency [MHz]
b imirnLirn

b amirmLim

{2430

{2440

Apply |
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1.0, 1.5, and 1.75 Fresnel
zones depicted on
Radiomobile tool. No
surface features are
automatically assumed in
Radiomobile, but they can
be modeled. See the
Yahoo Group entitled
Radio_Mobile_Deluxe and
check out file profile.zip

Antennas can be too high
for reliable microwave
paths

Fresnel clearance

dist to xmit 2.50 miles
dist to rx 4.70 miles
Freq 2.43 GHz
Fresnel Radius 59.09 feet
0.6 Clearance 35.45 feet

Blue Vertical line indicates 0.6 Fresnel zone clearance at highest obstacle.
Trees or buildings not modeled in this path, but must be included.
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Other considerations £

 On 3 mile paths or less, only FSL need be
considered

e Recommended that minimum 5dB margin
be applied for miscellaneous other losses

 Atmospheric and moisture attenuation
becomes highly evident above 10 GHz

 Heavy rain can cause some signal
distortion as low as 2 GHz
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e Barnett’s emprical fade estimate

e Intended to estimate % of time in a year where fade
exceeds a specified depth below free space for a given
path and frequency

Pmf(%0)=0.00006 x abfd3 x 10M/10)

4 for very smooth terrain including over-water Exam p I e. NO rth Tean
a= 1 for average terrain with some roughness A_ 1

1/4 for mountainouts, very rough, or very dry terrain. -

1/2 Gulf coast or similar hot, humid areas B_0333
b= 1/4 Normal interior temperate or northern climate F:243 G HZ

1/8 mountainous or very dry climate

D=40km
f= fr in gigahert .
d= paihlength inkiometers Fade margin= 20 dB
M= fade depth exceed below free space level, in decibels 003 1% Unavailability per year

Or 270 hours
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Rainfade causes &“;ﬁe

* Two types of fade mechanisms
— Path attenuation
— Phase distortion
e Various bands are limited In various ways
— 2m Precipitation static (raises noise floor)
— 2.4G Phase distortion typically limiting
— 10G Path attenuations + phase distortion
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e Link budgets are a tool to plan RF links.

They are not guarantees of success.
802.11 Link Budget

Frequency 2430 MHZ TXPOWER 14.8/dBm
TX Power 30 mW Power at feed 13.8/dBm
TX Antenna Gain (dB 24 dB EIRP 37.8/dBm or 1.1/ Watts
TX System Losses 1dB
Free Space Loss 132.3/dB
RX Senstivity -90 dBm
RX Antenna Gain (dB 16 dB Signal at RX Ant Aperture -94.5/dBm
RX System Losses 1dB Signal at RX Ant port -78.5/dBm
Path Length 25 miles Signal at RX -79.5/dBm
Link Margin 10.5 dB

Power (dBm) = 10 * LOG (PWR in mW)
Power (mW) =10 (PWR in dBm/10)
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 Freeware by Roger Coude, VE2DBE
« Highly useful for tool RF coverage and path analysis
« Allows quick analysis of Fresnel clearance
« Uses elevation data from shuttle radar topography mission
il Radio Link [x] il Radio Link [x]
Edit View Swap Edit  View
Digtance between MEFYE. and KEPSE iz 11.5 km [7. 2 miles), Azimuth 111.4°, Elevation -0.0866* Elervation=1594. 0m Clearance=10.84m Fresnel0E1F1 Distance=3.95km
Terrain elevation variation iz 38.0 m Pathl nss=117 7dB B level=-55 GdBm Fix level=369 41p% Fix Relative=34.4d8 559410
Propagation mode iz line-of-sight, minimum clearance 0.3F1 at 3.9km o
Average frequency is 445000 MHz
Free Space = 106.6 dB., Obstruction = 1.5 dB, Urban = 0.0 dB. Forest = 0.0 dB, Statistics = 21.9dB
Total propagation logzz iz 130.1 dB
Spstem gain from NSPYE to KEPSEK iz 199.9 dB
System gain from KSPSE to MEPYE iz 199.9 dB :
‘Worst reception iz B9.8 dB aver the required signal to meet '
90.0% of time, 50.0% of locations, and 90.0% of situations
[ The warst 5-meter reading iz S 9+ 50
 Tranzmitter — Receiver — Transmitter - Receiver
T ——— —— ———— — T — —— ——————— T — T —
ER | [ksPsk =l |naPrc = [Kk5PSK =
Fole Command Rols Command Role Comrand Role Command
T system name HEFYE 2t SETUP R system name NEPYE 2M SETUP T zpstem name 80211 BBO Gril Rx system name 802,11 BBO Gril
Tx pawer [w) 50.0 ERP=0.84K EIRP=1.38K Antenna gain [dBi]  15.4 T power (W) 0040 ERP=4.9EIRP=E.0 Antenna gain [dBi]  24.0
Line loss [dB] 1.0 Line loss [4B] 1.0 Line loss [dB] 1.0 Line lozs [dB) 1.0
Antenna Qain [dBi] 15.4 R sensitivit.y (] 004 [-124.1 dBm ] Antenna gain [dBi]  24.0 R sensitivity (1) 7.00 [-90.1 dBm |
Antenna height (m] |2n n Apply | Antenna height (m] IBD 0 Apply | Antenna height [m) lggg— Apply | Antenna height [m] lggg— Apply |
i Met i~ Frequency (MHz) —Met  Frequency [MHz]
Minirnum I awimum W iniirnum M aimum
= Appl
70 CM BAND = 440 [450 pply | [246Hz = BER B Apply |

http://www.cplus.org/rmw/english1.html
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Frequency Congestion £

e The number of channels available is finite

e On 2.4 and 5.7 GHz, we must compete with part
15 devices. Even though we have “rights” to the
frequencies, it will be difficult to clear them

« As amateurs, we must consider using 802.11 on
other bands (33cm, 23cm, 13cm, 6cm, 3cm, and
up)

 We must also remember to respect band plans
and not interfere with weak signal operations.

 There Is plenty bandwidth for all...at least for
now
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FCC Part 15

operators of spread spectrum transmitters are reminded that the
operation of Part 15 devices is subject to the conditions that any received
interference, including interference from ISM operations, must be accepted and
that harmful interference may not be caused to other radio services.

Should the operation of these systems cause harmful interference, the operator
of the Part 15 system is required to correct the interference problem, even if
such correction requires the cessation of operation of the Part 15 transmitter.

Thus, the Commission strongly recommends that utilities, cellular stations,
public safety services, government agencies and others that employ Part 15
transmission systems to provide critical communication services should
exercise due caution to determine if there are any nearby radio services that
could be affected by their communications.”

However, there are more of them than us so we must play nice!
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