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Appendix A - Antenna Specifica;.ions

Antenna Specifications
Manufacturer
RADIOWAVES

ALPHA WIRELESS

LTD

UBIQUITT NETWORK

CARLSON
WIRELESS

Model Type Height Widih Depth Weight Fiat Piate Aren
HFP3-18 MICROWAVE 38.0IN 38.0 302 500 0.0 FT2
DISH IN N LBS
AW3023 PANEL 29.5IN 11.0 33 IN 9.4 LBS 0.0
IN
5G-120-19 PANEL 2756 571 3.1 130 0.0
IN N N LBS
053-470-786-75- PANEL 17.0IN 10.0 9.5IN 65 LBS 0.0

B IN

Radiowaves Antenna 3 Foot Dish

HP318

e R The

0.9 JFT HGH PERFOFMANCE PRRABIC REFLICTOR ANTENNA SINGLE POLARIZED. 17 1-19.7GHE
Tha HP Hgh Perommance Seres by RacsoWawes ofiers 2 full bny
of hgh peclonmancs parsbobe Eennas engmeered 10 DrTTice
ETS! class 13 rachavon patiern soriommancs & wel 4s sxsellant
ain RaccAiiras fald-proven pre-at emiied st snd
FOOUS le-TELrLS STure “H and forgel” SELLrbon weh

FEATURES AND BENEFITS

*ETS! Cunsa depends on brguency band

s rotunl ard rebable Derioemiances Lnde The mE
chadengpng condeiom. 1IN ngged. i must be RV v’

* Hgn Perormance ETS Clars 273" Parsbole Amenngs —
Excalent perdormanos for & wide range of spphcasons.

+ Fuy Preaisemsisd e Famyy - Smpdles ratalaton on
iy B Craraters Tackrp-riied” qualy

* Warranty - Inchnatry macheng T-year wan sney

SPECIFICATIONS

ackamice!

Frra Afvruts Adpatmert ok 10 cegrens Machare Corigurston ey

Frt Drvcon Ageatret +i- 10 owgrews. Axal Forve FA) 4Ol TN

Mering Pot Dameier Un |45 rcnt 1dem S0 Fora (73) XORaINON
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Alpha Wireless Panel/Sector Antenna

3300-3800MHz Sector Antenna
{Quad Port, 65° B idth, +/-45° Pol , Fixed Tilt)
- i thia e por NGMN P-8arm, Release 9.6

Frem [in} mﬁﬂlmtﬂllﬂllﬂ
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Ubiquiti Sector Antenna Carlson nel/Sector Antenn

To mount the antenna 1o the pole. side a Pole Clomp over

- I each pair of Carmiage Boks. Secure sach Fole Clamp with
Model AM-5G19-120 two Serrored Flange e

| Mot The i
| Dimensions® (mm) 700%135x73 © 40 mm- 80 mm pole.
Weight** 59kg
| Frequency Range 5.15-5.85 GHz Sector Antenna for RuralConnect
| Galn 18.6-19.1 dBi Frequency Range  470- 790 MHz
Gain 8dBI +0-3, Over 120 Degrees Azrimuth
| | Hp DL Beammdth 123" (6 dB) VSWR 115
N Active Elements 2 Bay, Modified Tapered Slot
VPOL Beamwi u!ti: 123" (6 dB) Radiation Pattern  E plane: 120 degrees +0/-3 d8
'ﬂecmas Beamwi\:[th 4 i H plane: 30 degrees +/- 1dB
— - Dimensions 95" x 17" x 10"
Elect rical Dow! mm r Front-to-Back Ratio 2048
i Polarization Vertical
| Max. VSWR 15 shipping Welght Blbs.
[eas el « Carton Dimensions 10" x 18" x 12"
Wind Survivability 125 mph Connector F male with 3 pigtall
| Wind Loading 20 1bf @ 100 mph impedance 750hm
| Materials Aluminum, Stalnless Steel, Polycarbonate
Polarization Dualk-Linear Operating Temp.  -60to 75 degrees Celsius
Wind Surface Area  Surface Area 100 mph 120 mph
Cross-pol Isolation 28 dB Min. 2 with no ke 245qft.  6L61bs 88.81bs
| e7s1 Specification EN 302 326 DN2 = -, with 1/2 in. bee 29sqft 76.11bs 109.6 Ibs
| Mounlin i Mou Custom designed for the Generation 3 RuralConnect, this
. Uil Pole Mouey antenna has high gain over nearly a 2:1 wide band with a 120
* Dimensions exchude pok mount ond Ro thetM & parairly) degree azimuth coverage. This antenna is fully operational in
= Weight Indludes pole mount and excludes Rocket;t Mwmmwm all climates from tropical to arctic with a weatherproof poly-
tarbonate cover. The high front-to-back ratio is an important
{eature for use in multiple antenna base sites. The antenna
does not require any tuning or adjustments over the entire
UHF TV band.
The antenna comes equipped with a 3-foot RF lead, fixed at
the rear of the mounting pipe. UPS Shippable!
el it 1-inchto 2-Inch NPT % ot |
st nting brackets to fit 1-inch to 2-In .
masts are Included. et ety
per—n "
Cartzon Part Number
AM-5G 19-120 75 ohm: D53-470-786-T5-8 US Patent Pending
(5 GHz, 19 dBi) Q e W Mesnas ::xﬁm Mwm:m;;mm E
Meeaea, CARSAE USA B s st taen - .‘. I UEA
Cal.net CASF Wireless Broadband Project 11312017

Rulien Project Site - Antenna Specs
9001 Darling Ridge Road Georgetown, Ca 95634 Ca |.I1 Et

Exhibit G-1 Cal.net PO Box 1041, Shingle Springs, CA 95682
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Ubiquiti Power Beam Dish Antenna

Specifications

i ~ PBE-SAC-500-1SO -

e e e b — i

| Dimensions (with Radome)

i“'if\feio:_;ht {(Mount Included)
Operating Frequency

Gain
Networking Interface
: Enclosure

;\:‘I;x. P_uwer Cot;sumption
f POW-ET Supp!);_ iy
Power Méthud
| Wind Surviva'biiity

!

| Wi-rjd Loading

| Centifications
Mounting

| Operating Temperature
Operating Humidity
| Shock and Vibrations

564 x 564 x 308 mm |
(22.20x 22.20x12.137) |

5.2kg |
(1151b)

Worldwide: 5150 - 5875 MHz

 USA:5725- 5850 MHz |

27 dBi |
(1) 10/100/1000 Ethernet Port
Outdoor UV Stabilized Plastic
. BW |
i 24V, 0.5A Gigabit PoE Adapter (lnduded).
) Passive PoE !Pairs 4, 5+;7,8 Retum)

200 km/h

(125 mph)

984 N @ 200 krmvh
(2212 Ibf @ 125 mph)

CE, F;C, IC

Pole Mounting K_it Included
| 401070°C (4010 158°F) |

5 to 95% Noncondensing

fone on voch side of
Adfusitreent Srocket)

s, deliiia,

Mounting
Brocket Sot

5
B /
e
-
..:"'ul
Elevation
Indicator
Cal.net CASF Wireless Broadband Project 11312017

Rulien Project Site - Antenna Specs
9001 Dariing Ridge Road Georgetown, Ca 95634 (@ |.I‘| et
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Antenna Mounting Brackets
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Alpha Wireless/Telrad Panel/Sector Antenna

Appendix A - Antenna Speciﬁcatior;s
Antenna Specifications
Manufacturer HModel Type Helght Width Depth Weight Flat Piate Area
RADIOWAVES HP3-18 MICROWAVE 380IN 380 302 50.0 0.0 FT2
DISH N N LBs
ALPHA WIRELESS AW3023 PANEL 295IN 110 33 1IN 94 LBS 0.0
LTD IN
UBIQUITI NETWORK  5G-120-19 PANEL 2756 571 3.1 13.0 0.0
IN N IN LBS
CARLSCN 053-470-786-75- PANEL 170N 10.0 9.5IN 6.5 LBS 0.0
WIRELESS B N

| __.—.--_\'_ _-_____—_—_-——__—1
AWSULE DAta S HEEL kg ”

3300-3800MHz Sector Antenne
(Quad Port, 65° B idth, +/-45° Polarisation, Fixed Tiit)

Radiowaves Antenna 3 Foot Dish

i this

por NGMM P-Basts, Reiass 9.5

HP3.18

Tha HP Hgh Perioemance Seres by Radcisvrs ciers 3 il ine
o gl pariormanc Parsbobs ERSERAGT eAgineerd 10 provic
ETH plass 23 rackason patiern peviarmance a1 wrl a3 el
g Radors feid-poomen pre-ervembied marres and
AL POle-TOUNES $RSUE "B BN BT Lslmon W
i o The

#RBors ot s relable Serirmance Lrden the oSt
chalenging condions. H W rugged. | must be R W'

FEATURES AND BENEFITS

* Hgh Pedormance ET 3 Class 277" Parsdols Aniranas —
Excwled pariornancs b 3 wele rangs of applostons.

* Fuly Presssembied ot the Faciory - Smpbies ratalason on
wia Bl DU sTees TaCOrelried” quaity

= Wiarranty = Incusiny Mating Trea mamanty

“ETSI Class dapency on Irequenry band
SPECIFICATIONS

0.3 M} 317 HeGH PERFORUANCE PRAABTUC RERETTOR ANTENNA, SINGLE POURRIZER. 17119 1GHT

| ] TR0 Ee s xS 331 ]
o T TR U
kg (o) 43(04)
1.57 (24) -
) BB(128) 1
NA 4 x N Type Female
Ly m
e FFpICaNTA |
N 420
] i
ki 1125)
RA U\-Stbdived PVC |
RAL 70
NA
R DT Grounded
Celsnss =0
| Catsis +70

Mochanxal

Frra Azerut Adparent *= 10 degrees Mechancal Cortguratan wa
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Ubiquiti Sector Antenna

Carilson Panel/Sector Antenna

] >

To mount the antenna 1o the pola, slide 3 Fole Clamp over

Model
D-mens:ons‘ (mm]
' Weighr“
Frequency Range
Gain
I HPOL Beamwldlh
| VPDL_Be_a;mdlh
| Electrical Beamwidth
I—i-?]lat.:t;'ic-al Down.tl.lt
| Max. VSWR
| Wmd Sumvab:lity
| Wind Loading
| Polarization
| Cross-pol Isolation
| Evsi specification
| Mountrng

* Dimengions exchade pode mount

wach pair of Carmoge Solts, Secune each Pole Clamp with.

AM-5G19-120 two Senvated Flange Mus.

g Mot The a
©.40 - 50 mm pole.

700x135x73
59kg
5.15-585GHz
18.6-19.1 dBi
123* (6 dB)
123° (6 dB) “
&

-

Dual-Linear

201bf @ 100 mph ‘ i 8
28dB Min. ‘"‘
EN 302 326 DN2

Universal Pole Mount,

ek

== Weight includes pole mount and excludes mmm;mm:mw

AM-5G19-120
(5 GHz, 19dBi)

¢ CARLSON

“

Sector Antenna for RuralConnect

Frequency Range  470- 790 MHz
Galn 8.dBi +0 -3, Over 120 Degrees Azimuth
VSWR 1.5
Active Elements 2 Bay, Modified Tapered Slot
Radlstion Pattern  E plane: 120 degrees +0/~3 dB

H plane: 30 degrees +/- 1dB
Dimensions 95" x 17" x 10"
Front-to-Back Ratio  20dB
Polarization Vertical
Shipping Weight 8lbs.
Carton Dimenslons 10" x 18" x 12*
Connector F male with 3' pigtail
Impedance 75chm
Materials Aluminum, Stalnless Steel, Polycarbonate
Operating Temp. -5010 75 degrees Celsius
Wind Surface Area  Surface Area 100 mph 120 mph
with no ke 24sqft 6L61bs 88.8lbs
with 1/2 In. lce 19sqft 76.11bs 109.6 Ibs

Custom designed for the Generation 3 RuralConnect, this
antenna has high gain over nearly a 2:1 wide band with a 120
degree azimuth coverage. This antenna s fully op lin
aldnnatn!muuﬂufmarrﬂ:mﬂnmﬁerpmnfpd\h
carbonate cover. The high front-to-back ratio is an important
feature for use in multiple antenna base sites. The antenna
does not require any tuning or adjustments over the entire

UHF TV band.

The antenna comes equipped with a 3-foot RF lead, fixed at
the rear of the mounting plpe.

UPS Shippable!

" 1 it ch @ R -un-c—p; L]
Stainless steel mounting brackets to fit 1-inch to 2-inch NPT rogjvhenwd Fadwmant
masts ara Included. ——— :.'.::“

pr——
Carlson Part Number
75 ohm: 053470-706-75-3 US Patent Pending
: hl-ﬁ—u—-—.l-_ ) Tl W7 :ou_:ummwm-'mm
P s L Upbd 1031

i
;
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Ubiquiti Power Beam Dish Antenna

Specifications
| i T piEsACTs0n . -~
| Dimensions (with Radome) 564 x 564 x 308 mm |
- - (22.20%22.20x 12.13") |
‘ Weight (Mount included) 52kg
| (1151b)
‘ Operating Frequency | Worldwide: 5150 - 5875 MHz ectEn

USA: 5725 - 5850 MHz e s

i . e S i . e

Gain ! 27 dBi | i
| Networking Interface (1) 10/100/1000 Ethernet Port |
| Enclosure | Outdoor UV Stabilized Plastic
| Max. Power Consumption | 8W |

Power Supply 24V, 0.5A Gigabit PoE Adapter (Induded) P
| Power Method | Passive PoE (Pairs 4, 5+; 7, 8 Retumn) PN, -
8

Wind Survivabllity . 200 kmmvh e l
S S — e, EESNRY | A
| Wind Loading ; 984 N @ 200 kmv/h | A

Z (221.2 1bf @ 125 mph) }
| Centfications ' CE, FCG,IC A
fee - St A
| Mounting Pole Mounting Kit Included / 4
‘ Operating Temperature ' -40to70° C(-40to 158°F) |
| Operating Humidity . 5 to 95% Noncondensing ® / A
| Shock and Vibrations ETSI300-019-1.4 e £ e /
e i 5 — . oo ‘ o
D
I :
-
[~ 3
U ™ -
| @ g- - Elevation
| _— - Indicator
> Cal.net CASF Wireless Broadband Project 1/3/2017
o Mt. Ararat Project Site - Antenna Specs . =
6261 Highway 49, Lotus, CA 95651 a |,I’I et
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Rulien Project Site - SImulaﬁon Vlew

Photo simulation of view looking west 9001 Darling Ridge Road
Georgetown, Ca 95634 Ca |.I‘I et
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Project Site - Simulated

6261 Highway 49
Lotus, CA 95651 Cal.net
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View off Highway 49 looking east

Location of existing pole Existing 80" monopole Verizon tower
w/attached 20’ antenna section . as viewed from the east look

will not be visible frome the east i
side/Rothenberg property.

¥

Mt. Ararat Project Site - Views
View from the east looking west from Rothenberg property 6261 Highway 49 c I
Lotus, CA 95651 al.net
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Cal.net, Inc. — Proposed Fixed Wireless Communications Facility
Site Name: Rulien
9001 Darling Ridge Wy., Georgetown, CA 95634

1. Introduction

Cal.net, Inc., a fixed-wireless Internet service provider, is proposing to install a group of antennae on a current
tower located at 8001 Darling Ridge Wy., Georgetown, CA 95634 (APN # 062-071-25). These antennae will
enable the delivery of high-speed wireless Internet service to the Northern El Dorado County area, in
fulfilment of the mandates of an infrastructure grant awarded to Cal.net by the California Public Utilities
Commission in 2016.

This report is an analysis of the radio frequency (*"RF”} environment surrounding the proposed installation.
This report shall serve to ensure compliance with the appropriate guidelines of the Federal Communications
Commission ("FCC"} limiting human exposure levels to RF energy.

2. Site & Equipment Configuration
A Fixed Wireless communications facility is composed of two basic types of radio equipment:

a} Pointto-Multipoint (“P2MP”) base-station radios that each communicate with multiple end-user
{customer premise equipment — or “CPE"} radios, and

b) Point-to-Point (*"P2P") backhaul radios that carry the aggregated data traffic among all the base
station radios at a site to and from the company’s operations center.

All radio equipment comprises two fundamental components — active electronic transceivers that send and
receive radio signals, and passive antennae that amplify the sent & received signals and concentrate them
in specific directions. For radio transmissions, the FCC sets certain limits on the transmission power of each
type of radio — these power limits are defined in terms of the Equivalent Isotropic Radiated Power (“EIRP").

The P2ZMP base station equipment we utilize comprises three different technologies and radio-frequency bands:

a) The Unlicensed National Information Infrastructure (U-Nil) band operates at frequencies between
5.180 GHz — 5.845 GHz in the United States. There are several sub-bands of the U-NIl band that
have varying maximum FCC power limits ranging between 1 Watt and 4 Watts EIRP for P2MP uses.
The antennae used for these radios are flat-panel “sector” antennae 6" wide by 28" high, and
concentrate the radio signal into beam that's 4 degrees thick in the vertical plane. The outdoor
transceiver mounts directly onto the rear of the antenna, and is connected to a data switch at the
base of the facility via a shielded Ethernet cable, which also supplies the power to the device.

b) The Citizens Broadband Radic Service (‘“CBRS”) band operates at FCC-licensed frequencies
between 3.55 GHz — 3.70 GHz. The FCC defines power limits in this band as a function of the width
of the frequency band used by the transmitter. At the nominal 10-MHz bandwidth, the power limit in
rural areas is 47 dBm (about 50.12 Watis) EIRP. The antennae used for these radios are flat-panel
“sector” antennae 11" wide by 30" high, with a 7-degree-thick vertical beamwidth., The outdoor
transceiver is typically mounted adjacent to or nearby the antenna with a short coaxial cable
connecting them. The transceiver is also connected to a data switch at the base of the facility via a
shielded Ethernet cable. A separate low-voltage DC power cable powers the transceiver.

¢) The Television White Space (*“TVWS") band operates at frequencies between 470 MHz — 698 MHz
in the United States (aka UHF TV channels 14 —51). For rural areas, the FCC defines the maximum
transmit power as 10 Watts EIRP. The antennae used for these radios are blade-type “sector” antennae
10" deep by 17” high, with a 30-degree-thick vertical beamwidth. The outdoor transceiver is typically
mounted adjacent to or nearby the antenna with a short coaxial cable connecting them. The
transceiver is also connected to a data switch at the base of the facility via a shielded Ethernet cable,
which aisc supplies the power to the device.

The P2P backhaul equipment we utilize consists of a radio operating in the FCC-licensed 18-GHz band (17.7
- 18.7 GHz). The outdoor transceiver mounts directly to the back of a 3-foot diameter parabolic reflector
{(“dish”) antenna, and is connected to a data switch at the base of the facility via a shielded Ethernet cable. A
separate low-voltage DC power cable powers the transceiver. The radio transmits at a power of 575 Watts
EIRP, but the dish antenna concentrates that power into a conical beam only 1.3 degrees in width.
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All radios will be mounted upon the facility at an effective height of approximately 15 meters above ground.

3. FCC Human Exposure Standards

The Federal Communications Commission has established guidelines conceming the maximum safe human
exposure limits to electromagnetic fields. Docket 93-62, effective October 15, 1897, is based on exposure
limits recommended by the National Council on Radiation Protection and Measurements (NCRP). It specifies
separate occupational and general public exposure limits, with the latter being five times more restrictive.
These limits are based on continuous exposures and are intended to provide a prudent margin of safety for
all persons, without regard to physical characteristics.

The table below, with the accompanying graph, depicts the FCC limits for occupational and public exposure
conditions at different radio frequencies:

Electromagnetic Fields
(“f" is frequency of emission in MHz)
Frequency Occupational Exposure General Public Exposure
Range (MHz) 7 z
Electric Field | Magnetic Power Electric Field | Madnetic Power
Strength Strength Density Strength Strength Density
(V/im) () (mWicm?) (V/m) (A/m) (mWicm?)
0.3-1.34 614 1.63 100 614 1.63 100
1.34-3.0 614 1.63 100 823.8/f 2.19/f 180/
3.0-30 1842 /f 489/f 900/ 823.8/f 219/f 180/
30-300 61.4 0.163 1.0 275 0.0729 0.2
300~ 1,500 3.54-% 47109 f/300 1.59 - f4 %7238 f/1500
1500 - 100,000 137 0.364 5.0 61.4 0.163 1.0
100.0 I
=—=Qccupational/Controiled
=== General Population/Uncontrolled
§ 100 e —
S
E
z
[}
&
(o]
£ 10
o
0.1 L i 1 L i
300KHz 3 MHz 30 MHz 300 MHz 3 GHz 30 GHz 300 GHz
Frequency
=5

E——
FCC Adopted Maximum Permissible Expostire Limits
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4, Calculation and Analysis Assessment

Methods have been developed for predicting the field strength of antennas in two distinct zones. The near
field zone is defined as the distance beyond which the manufacturer's published far field antenna radiation
patterns will be fully formed. The near field applies at increasing distances, R, until all of the following three
conditions have been met, beyond which the far field applies:

R>2h?/A; R>5h; R>16%
where:
R = The depth of the near field, in meters
h = Aperture height of the antenna, in meters
A = wavelength of the transmitted signal, in meters

Power density is a measure of power divided by the surface area of the sphere or the unit area normal to the
direction of propagation, usually expressed in units of milliwatts per square centimeter (mW/cm?) or watts per
square meter (W/m?).

The near-field power density of a radio transmitter is dependent on the type of antenna - either an “aperture
antenna”, or not. For our purposes, the microwave backhaul parabolic dishes are aperture antennae, and all
other antennae we use are not.

The maximum near-field power density of an aperture antenna is defined as:
S =(16 x N x Pyey) / (nh?)
The near-field power density of all other antenna types is defined as:
S=(180/Opw) X Pree / (MR x h)
At ground level, the far-field power density of a radio transmitter is defined as:
S = (EIRP x RFF? x GRC?) / (4nR?)
where:
S = Power Density (mW/cm?)
n = aperture efficiency (unitless, typically 0.5 ~ 0.8)
P.« = net power input to the antenna, in milliwatts
h = height of the antenna, in centimeters
®pw = half-power beamwidth of the antenna, in degrees
R = Straight-line distance from the center of radiation to the point of calculation, in centimeters

EIRP = Equivalent isotropic Radiated Power, the maximum antenna power output (mW) (note that
EIRP is 64% higher than the half-wave dipoie ERP)

RFF = Relative Field Factor, the amount of EIRP reduction in the vertical plane, applicable at
downward angles to a human standing on the ground, derived from the antenna vertical radiation
pattern

GRC = Ground Reflection Coefficient, which accounts for the increase in power density at a point
due to reflection off the ground

Power density, electric field strength, and magnetic field strength are related in the following manner;
S=E*/Zy=Zo H?
where:
S = Power Density (W/m?)
E = Electric Field Strength (V/m)
H = Magnetic Fieid Strength (A/m)
Zo = Impedance of Free Space (= 376.7 Q)
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5. Results

The calculation of exposure to ionizing radiation utilizes a worst-case scenario approach, presuming a
location on the ground in the direction of maximum radiated energy — specifically along the centerline of the
backhaui dish antenna. The base station radios at the site point in a variety of directions, but for the worst-
case scenario we will stipulate a maximum of 2 U-Nil radios, 2 LTE radios, and 1 TVWS radios all pointing in
the same direction as the backhaul dish.

The minimum safe public exposure distance in front of the dish antenna is 3.42 meters (11.2 feet). The total
safe distance is 3.81 meters (12.5 feet) for all combined radios. Both of these distances are shorter than the
height above ground at which the radio is mounted. Additionally, the transmission characteristics of the 18-
GHz band of the backhaul radio requires clear line of sight to the opposite side of the link, and it is thus
oriented in such a manner to avoid all possible obstruction by physical objects, whether stationary or mobile.
Accordingly, a ground location for this worst-case scenario approach is appropriate.

For a person anywhere on the ground, at the closest possible point to the antennae in the direction of
maximum exposure, the maximum power density energy level will be 0.006737 mW/cm? for the microwave
devices, and 0.000817 mWi/cm? for the TVWS devices. This power density is approximately 0.67% of the
recommended {imit at microwave frequencies, and 0.22% of the recommended limit at UHF frequencies. Any
location beyond the closest ground point would have a correspondingly lower power density, declining in
proportion to the square of the distance from the antenna. For occupational purposes, the exposure
percentages are one-fifth those of the respective public imits (the radiation limits are five times higher than
the public limits).

6. Conclusion

Due to their mounting locations, no Cal.net antennae will be accessible to the general public, and their height
above ground will prevent unsafe radiation levels for anyone in the vicinity. The highest calculated level in
publicly accessible areas is much less than the prevailing standards atlow for exposures of unlimited duration.
Accordingly, no mitigation measures are necessary to comply with the FCC public exposure guidelines. With
respect to Cal.net employees, they are adequately trained to take appropriate measures to avoid exposures
exceeding the occupational limits, and the company will ensure that its employees and contractors will comply
with FCC occupational exposure limits whenever working near the antennae themselves,
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Cal.net, Inc. — Proposed Fixed Wireless Communications Facility
Site Name: Mt. Ararat
6241 CA-49, Lotus, CA 95651

1. Introduction

Cal.net, Inc., afixed-wireless Internet service provider, is proposing to install a group of antennae on a current
tower located at 6241 CA-49, Lotus, CA 95651 (APN # 074-050-28). These antennae will enable the delivery

A

of high-speed wireless Internet service to the Northern El Dorado County area, in fulfiliment of the manda@s
of an infrastructure grant awarded to Cal.net by the California Public Utilities Commission in 2016. z .
A
This report is an analysis of the radic frequency ("RF") environment surrounding the proposed anstaﬁatiz e
This report shall serve to ensure compliance with the appropriate guidelines of the Federal CommunicationsC™
Commission (*FCC”) limiting human exposure levels to RF energy. g i
o<
3!
2, Site & Equipment Configuration —‘:;. Lo
A Fixed Wireless communications facility is composed of two basic types of radio equipment: f‘“‘

a) Point-to-Multipoint (“P2MP"} base-station radios that each communicate with multiple end-usé’r*
{customer premise equipment — or “CPE") radios, and

b} Point-to-Point ("P2P”") backhaul radios that carry the aggregated data traffic among ail the base
station radios at a site to and from the company’s operations center.

All radio equipment comprises two fundamental components — active electronic transceivers that send and
receive radio signals, and passive antennae that amplify the sent & received signals and concentrate them
in specific directions. For radio transmissions, the FCC sets certain limits on the transmission power of each
type of radio — these power limits are defined in terms of the Equivalent Isotropic Radiated Power ("EIRP").

The P2MP base station equipment we utilize comprises three different technologies and radio-frequency bands:

a) The Unlicensed National Information Infrastructure {U-NIl) band operates at frequencies between
5.180 GHz ~ 5.845 GHz in the United States. There are several sub-bands of the U-NII band that
have varying maximum FCC power limits ranging between 1 Watt and 4 Watts EIRP for P2MP uses.
The antennae used for these radios are flat-panel “sector” antennae 6" wide by 28" high, and
concentrate the radio signal into beam that's 4 degrees thick in the vertical plane. The outdoor
transceiver mounts directly onto the rear of the antenna, and is connected to a data switch at the
base of the facility via a shielded Ethernet cable, which also supplies the power to the device.

b} The Citizens Broadband Radio Service (“CBRS”) band operates at FCC-licensed frequencies
between 3.55 GHz — 3.70 GHz. The FCC defines power limits in this band as a function of the width
of the frequency band used by the transmitter. At the nominal 10-MHz bandwidth, the power limit in
rural areas is 47 dBm (about 50.12 Watts) EIRP. The antennae used for these radios are flat-panel
“sector” antennae 11" wide by 30" high, with a 7-degree-thick vertical beamwidth. The outdoor
transceiver is typically mounted adjacent to or nearby the antenna with a short coaxial cable
connecting them. The transceiver is also connected to a data switch at the base of the facility via a
shieided Ethernet cable. A separate low-voltage DC power cable powers the transceiver.

¢} The Television White Space (“TVWS") band operates at frequencies between 470 MHz — 698 MHz
in the United States (aka UHF TV channels 14 ~ 51). For rural areas, the FCC defines the maximum
transmit power as 10 Watts EIRP. The antennae used for these radios are blade-type “sector” antennae
10" deep by 17" high, with a 30-degree-thick vertical beamwidth. The outdoor transceiver is typically
mounted adjacent to or nearby the antenna with a short coaxial cable connecting them. The
transceiver is also connected to a data switch at the base of the facility via g shielded Ethernet cable,
which also supplies the power to the device.

The P2P backhaui equipment we utilize consists of a radio operating in the FCC-licensed 18-GHz band (17.7
- 19.7 GHz). The outdoor transceiver mounts directly to the back of a 3-foot diameter parabolic reflector
("dish”) antenna, and is connected to a data switch at the base of the facility via a shielded Ethernet cable. A
separate low-voltage DC power cable powers the transceiver. The radio transmits at a power of 575 Watts
EIRP, but the dish antenna concentrates that power into a conical beam only 1.3 degrees in width.

Mt. Ararat Page1of4
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All radios will be mounted upon the facility at an effective height of approximately 7 meters above ground.

3. FCC Human Exposure Standards

The Federal Communications Commission has established guidelines concemning the maximum safe human
exposure limits to electromagnetic fields. Docket 93-62, effective October 15, 1997, is based on exposure
limits recommended by the National Council on Radiation Protection and Measurements (NCRP). Itspecifies
separate occupational and general public exposure limits, with the latter being five times more restrictive.
These limits are based on continuous exposures and are intended to provide a prudent margin of safety for
all persons, without regard to physical characteristics.

The table below, with the accompanying graph, depicts the FCC limits for occupational and public exposure
conditions at different radio frequencies:

Electromagnetic Fields
(“f' is frequency of emission in MHz)
Frequency Occupational Exposure General Public Exposure
Range (MHz) .
Electric Field M?_.?:Gt'c Power Electric Field M?:ghr;:ﬂc Power
Strangth Strength Density Strength Strength Density
(V/m) (A/m) (mW/em?) (Vim) (Alm) (mWicm?)
0.3-1.34 614 163 100 614 1.63 100
1.34-3.0 614 1.63 100 B238/f 219/f 180/
3.0-30 1842 /1 489/f 900/ B23.8/f 2.19/f 180/
30-300 61.4 0.163 1.0 275 0.0729 0.2
300 - 1,500 3.54-% /109 f/300 1.59 - % %/ 238 f/1500
1500 - 100,000 137 0.364 5.0 61.4 0.163 1.0
100.0
===Qccupational/Controlled
== General Population/Uncentrelled
E 100
S
E
=
e
@
o
£ 10
o
0.1 1 1 1 A i
300KHz 3 MHz 30 MHz 300 MHz 3GHz 30 GHz 300 GHz
Frequency
———————

e —
FCC Adopted Maximum Permissible Exposure Limits
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4, Calculation and Analysis Assessment

Methods have been developed for predicting the field strength of antennas in two distinct zones. The near
field zone is defined as the distance beyond which the manufacturer's published far field antenna radiation
patterns will be fully formed. The near field applies at increasing distances, R, until all of the following three
conditions have been met, beyond which the far field applies:

R>2h*/X; R>5h; R>1.6A
where:
R = The depth of the near field, in meters
h = Aperture height of the antenna, in meters
A = wavelength of the transmitted signal, in meters

Power density is a measure of power divided by the surface area of the sphere or the unit area normal to the
direction of propagation, usually expressed in units of milliwatts per square centimeter (mW/cm?2) or watts per
square meter (W/m3).

The near-field power density of a radio transmitter is dependent on the type of antenna — either an “aperture
antenna’, or not. For our purposes, the microwave backhaul parabolic dishes are aperture antennae, and ail
other antennae we use are not.

The maximum near-field power density of an aperture antenna is defined as:
S = (16 X1 X Prer) / (mh?)
The near-field power density of all other antenna types is defined as:
S =(180/ Ogw) X Pnet / (TR x h)
At ground level, the far-field power density of a radio transmitter is defined as:
S =(EIRP x RFF? x GRC?)/ (4nR?)

where:

S = Power Density (mW/cm?)

1 = aperture efficiency (unitiess, typically 0.5 — 0.8)

P« = net power input to the antenna, in milliwatts

h = height of the antenna, in centimeters

Opw = half-power beamwidth of the antenna, in degrees

R = Straight-line distance from the center of radiation to the point of calculation, in centimeters

EIRP = Equivalent Isotropic Radiated Power, the maximum antenna power output (mWj} (note that
EIRP is 64% higher than the half-wave dipoie ERP)

RFF = Relative Field Factor, the amount of EIRP reduction in the vertical plane, applicable at
downward angles to a human standing on the ground, derived from the antenna vertical radiation
pattern

GRC = Ground Reflection Coefficient, which accounts for the increase in power density at a point
due to reflection off the ground

Power density, electric field strength, and magnetic field strength are reiated in the following manner:
S=F?/Zy=Zy H?
where;
S = Power Density (\W/m?)
E = Electric Field Strength (V/m)
H = Magnetic Field Strength (A/m)
Zo = Impedance of Free Space (= 376.7 Q)
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5. Results

The calculation of exposure to ionizing radiation utilizes a worst-case scenario approach, presuming a
location aon the ground in the direction of maximum radiated energy ~ specifically along the centerline of the
backhaut dish antenna. The base station radios at the site point in a variety of directions, but for the worst-
case scenario we will stipulate a maximum of 2 U-NIi radios, 2 LTE radios, and 1 TVWS radios all pointing in
the same direction as the backhaul dish.

The minimum safe public exposure distance in front of the dish antenna is 3.42 meters (11.2 feet). The total
safe distance is 3.B1 meters (12.5 feet) for all combined radios. Both of these distances are shorter than the
height above ground at which the radio is mounted. Additionally, the transmission characteristics of the 18-
GHz band of the backhaui radio requires clear line of sight to the opposite side of the link, and it is thus
oriented in such a manner to avoid all possible obstruction by physical objects, whether stationary or mobile.
Accordingly, a ground location for this worst-case scenario approach is appropriate.

For a person anywhere on the ground, at the closest possible point to the antennae in the direction of
maximum exposure, the maximum power density energy level will be 0.030935 mW/cm? for the microwave
devices, and 0.003752 mW/cm? for the TVWS devices. This power density is approximately 3.09% of the
recommended limit at microwave frequencies, and 1.02% of the recommended limit at UHF frequencies. Any
location beyond the closest ground point would have a correspondingly lower power density, declining in
proportion to the square of the distance from the antenna. For occupational purposes, the exposure
percentages are one-fifth those of the respective public iimits (the radiation limits are five times higher than
the public limits).

6. Conclusion

Due to their mounting locations, no Cal.net antennae wili be accessible to the general public, and their height
above ground will prevent unsafe radiation levels for anyone in the vicinity. The highest calculated level in
publicly accessible areas is much less than the prevailing standards allow for exposures of unlimited duration.
Accordingly, no mitigation measures are necessary to comply with the FCC public exposure guidelines. With
respect to Cal.net employees, they are adequately trained to take appropriate measures to avoid exposures
exceeding the occupational limits, and the company will ensure that its employees and contractors will comply
with FCC occupational exposure limits whenever working near the antennae themselves.
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