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Towers Project

— Driven by field radio upgrade antenna
requirements
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Concept review

Interference

Licensed Backbone Upgrade

Licensed Field Radio Upgrade

Towers Project

Bradley north backbone extension

— Next hop north of Sugarloaf

— Expand microwave system up the I-5 corridor.
— Move ISM band equipment to edge



List of Acronyms

FCC — Federal Communications Commission
FDD — Frequency-Division Duplexing

TDD — Time-Division Duplexing

IDU — Indoor Unit

ODU — Outdoor Unit

POTS — Plain Old Telephone Service

ISDN — Integrated Services Digital Network

ISM — Industrial, Scientific, and Medical (License free
spectrum)

TMC —Transportation Management Center



List of Acronyms

IP — Internet Protocol

ITS — Intelligent Transportation System

DDR - Dial-on-Demand

PSTN — Public Switched Telephone Network
RSL — Received Signal Level

ARP — Address Resolution Protocol

NMS — Network Management System

SSH — Secure Shell

SSL — Secure Sockets Layer

LTE — Long Term Evolution



Concept Review

Relevant Past Presentations

— “Microwave Communications for Rural ITS
Applications”, lan Turnbull, June 2006
http://www.westernstatesforum.org/Documents/200
6/2006%20WSRTTIF%20Turnbull.pdf

* Relevant topics
— Deployment strategy
—Frequency planning
—Path clearances and calculations
— Reliability requirements
—Link Budget

18



Concept Review

e Relevant Past Presentations

— “Field Element Network Design for a Rural
Transportation Management Center, Parts One
and Two” lan Turnbull and Jeremiah Pearce, June
2012

e Relevant topics

— Small, winter operations, wildfires, floods, major
freight corridor incidents, etc.

— Harsh field conditions, telecommunications issues
— TMC architecture (Dial-on-Demand, ITS Node, etc)



Concept Review

e Relevant Past Presentations

— “Field Element Network Design for a Rural
Transportation Management Center, Parts One
and Two” lan Turnbull and Jeremiah Pearce,
June 2012

http://www.westernstatesforum.org/Documents
/2012 /presentations/CaltransD2 Turnbull FIN
AL FEN-TMCPrequel.pdf

http://www.westernstatesforum.org/Documents
/2012 /presentations/CaltransD2 Pearce Final
2 FEN TMC Part2.pdf

20



Concept Review

e District 2 Network
— One-to-Many (star) dial-on-demand network
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Concept Review

e District 2 Network
— One-to-Many (star) dial-on-demand network
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Concept Review

e District 2 Network
— One-to-Many (star) dial-on-demand network
* POTS
 |SDN
— Point-to-Point Microwave network (extended star)
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Concept Review

e District 2 Network
— One-to-Many (star) dial-on-demand network
* POTS
 |SDN
— Point-to-Point Microwave network (extended star)
— All IP network
— Why IP is important
* Layered approach
* Portability
* Scalability
* Troubleshooting tools
e Off the shelf equipment is deployable quickly
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Concept Review

e District 2 Network Deployment Strategy
— Phased deployment approach

e Site turn-up: Best available “inexpensive” and
reliable Telco services

e Upgrade to ISM band microwave overtime if
Line-of-Site is available

e Upgrade from ISM band to licensed microwave
for frequency protection
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Concept Review

e District 2 Network Deployment Strategy
— Why the phased approach is important

* Turning up with Telco services is quick,
establishing a presence in a communication
facility can take time, even if your already in

(i.e. need more rack space)

e Having Telco connectivity buys us time to

establish an ISM band link. ISM b
connectivity then buys additiona

and link
time to

license the link. We sacrifice frequency

protection going to ISM, but the
improved from the Telco services

pandwidth is



It can take time to get your
equipment into an existing facility
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Concept Review

e District 2 Network Deployment Strategy
— Why the phased approach is important

* Finally, upgrade to licensed microwave. Allows
highest bandwidth connection, frequency
protection, the link is always on, and we own it.

* Deployment strategy has proven effective for
the last 10 years, though we have had
interference issues on the ISM band, which,
we’ve been able to effectively mitigate.
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Why Microwave?

* A high bandwidth connection that we own

* Much less costly per mile to install and maintain than
Fiber

* Frequency protection from interference sources
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Interference Issues

* |ISM bands without frequency protected links are
susceptible to interference
* Where and when it usually happens
— Mtn Tops (though not always!) because they are
aggregation points
— Often coincides with recent activity at the sites
(construction, user upgrades, maintenance, etc.)

e What it does
— Raises the receiver threshold, which reduces fade
margin and link reliability
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Interference Issues

* How it manifests itself
— Fading, link seems intermittent

— If it’s a strong sighal overpowering the link, the
interference will bring down the link, but if the
violating signal isn’t always on the interference
will manifest itself as intermittent

— Not Symmetric (to both ends of the link)

* Troubleshooting tools

— Spectrum Analyzer with a noise floor low enough
to see your receiver threshold, as low as -95 dBm
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Interference Issues

* How it manifests itself
— Fading, link seems intermittent

— If it’s a strong sighal overpowering the link, the
interference will bring down the link, but if the
violating signal isn’t always on the interference
will manifest itself as intermittent

— Not Symmetric (to both ends of the link)

* Troubleshooting tools

— Spectrum Analyzer with a noise floor low enough
to see your receiver threshold, as low as -95 dBm

— Careful site inspection, what’s changed
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— Link went down 12/7/2010, diagnostics pointed
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— RSL levels dropped (likely due to an icing event)
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Interference Issues

e Sacramento Hill

— Link went down 12/7/2010, diagnostics pointed
towards interference at Mountain Top (Sugarloaf)

— Increased transmit power at roadside restored link
— Violating signal still present, difficult to peak dish
— Fading event 3/27/2012

— RSL levels dropped (likely due to an icing event)
and link went down intermittently

— Fact that the violating signal was still there, raised
the noise floor, reducing margin and link reliability
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Interference Issues

* Sacramento Hill
* Obrien
— Link went down 5/25/2011
— Diagnostics pointed towards interference

— Swapped filters to put the link on a different
channel and restored link

— Noticed some variation in RSL at hilltop, but link
has been solid since
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Interference Issues

* Sacramento Hill

* Obrien

* Bass Mountain -> Sugarloaf
— Backbone 2.4 GHz Link went down 5/12
— Diagnostics pointed towards interference
— Came back up after a few hours

— Time it was down correlated w/ a tech for another
agency at the site

— Suspect Wi-Fi or mobile hotspot device active
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Backbone Network Deployment
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— Initiate presence with ISM equipment
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Backbone Network Deployment
Strategy

 Deployment strategy
— Initiate presence with ISM equipment
— ISM equipment buys time to license.

— After license upgrade, remove ISM equipment and
install at network edge to continue expanding
coverage, continue this process until full build out
complete.
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Legacy Backbone

e Old System
— 5.8 GHz and 2.4 GHZ ISM band used for backbone
— 8 T1’s to first hop north (Bass Mountain)
— 4 T1’s from first hop to second hop (Sugarloaf)
— Roadside radio’s serial (approx % T1)

— Western Multiplex radio’s, proven reliable carrier
grade radios

— Excellent sensitivity, approx -90 dBm
— Direct Sequence Spread Spectrum
— Full Duplex
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Legacy Backbone

e Aside from the frequency protection issues of using
ISM radios, as the system grew we ran into these
Issues

— 28+ potential sites North, 12+ potential sites East

— Not enough capacity for all potential sites, and no
room for video upgrade (Frame Rate, resolution,
etc)

— Channelization issues at Mt Tops. Some Mtn Tops
can support 7 or 8 roadside sites. Not enough
spectrum for roadside links.
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Licensed Backbone Upgrade

* Requirements:
— Frequency protection
— Higher bandwidth: 100+ Mbps
—99.999% reliability
— Full Duplex radios
— Order wire interface
— Carrier grade radios
— All IDU configuration
— Good spectral efficiency and receiver sensitivity



Licensed Backbone Upgrade

e Steps for selecting frequency, equipment,
coordination, etc

— Frequency coordination w/ Commsearch
— Market Research

— Coordination w/ HQ Div of Telecommunications
Office and California Public Safety
Communications Office
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Licensed Backbone Upgrade

 Backbone coordinated and licensed at 11 GHz,
Commsearch required high-performance dishes

* We selected the following platform,
— NEC N-Lite-n radio
— All IDU, split deck configuration.
— 150 Mbps throughput (configurable)
— True full duplex radios
— Variety of interfaces available, including order wire
— Telco and other uses happy with this platform
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Microwave Link Analysis

Shte A Site B
Sie Name o DOz Omce Bass Mn
Locaton o Reddng, CA
Call Shgn I NA LA
Latifude D 40T 3524507 M 40" 43 5T 90" H
Linr o 123" F3 40507 W 123" 22" 0D1.80° W
Blevation fim: S16.0/ 1878 2TES5.0 f B48D
Azimarth deq: 9067 1500865
Distance mbikm: 39965 16.0 9965 F16.0
Frequency MHz: 1113500000 1168500000
Equipmeni o NHEC N-LRe N 100Mbps HEC N-LRe N 100Mbps
Tx Antenna Helght f S55.00 25.00
T Antenna Type o Andrew HP4-1078 Andrew HP4-1078
Tz Antenna Size / Polarization i arv 40w
Tx Transmisskon Line Lengih i 12000 8999
Tx Trarsmisskon Line Type o EWP3DS EWP3DS
Rx Anmienna Helght ft 5500 2500
Rx Anienna Typ=s - Andrew HP4-1078 Andrew HP4-1078
Rx Anienna Slze / Polarization i arv 45w
Fx Transmission Line Length iC 120001 89.95
Rx Transmission LUine Type o EWPADS EWPaDS
Emeciive sobmpic Radlaled Power d8m: &85.59 66.96
Systemn Galns Shte A to B Site B to &
Tx Antenna Gain dBl: 404D 4050
Rx Anmienna Galn dBl: 404D 4050
Transmittar Powar dBm: 31.50 31.50
Total Sysiem Gain a8 11230 113.10
Systemn Losses Site & to B Site B to &
Frese Space Path Loss a8 137.823 137.503
Dimacion Loss o8 0.00 0.a0
a8 0.26 0.28
FoE3ge LOsE o8 0.00 0.00
Tx Jumper LoEE aB: 0.5z .52
Tx Radome Loss da8: 0.00 o.ao
Tx Comnector Loss g 1.1z 1.1
Tx Transmission Line Loss a8: 3.568 271
Tx Standby Swhch Loss a5 0.00 0.ao
Tx Power Spllfier Loss a8: 0.00 0.a0
Tx RF Branching LoEs o8 0.00 .00
Tx Allenuator Pad Loss a8: 0.00 0.a0
Tx Miscallaneous & Safety Loss a8: 1.00 1.00
Rx Connechor Loss a8 1.16 147
Rx Transmission Line Loss da8: 276 3.E1
Rx Jumper Loss a8 0.5z 0.5z
Rx Radome Loss a8: 0.00 0.a0
FX Hyond Loss o8 0.00 0.00
Rx RF Branching Loss a8: 0.00 0.a0
Rx Atenualor Pad Loss o8 0.00 0.a0
Rx Miscellaneous & Safely Loss as: 1.00 1.00
Tolal Sysiem LOES o8 145.53 149,62
Path Calculations Shte A to B Site B to &
Unfaded Recaive Signal Level d8m: -37.23 -36.72
Fx Threshold Level d8m: -55.00 -55.00
Fadea Margin a8 NTT 32.26
Cutags seciyear 4660 43.31
Raln Outage seciyear 0.00 o.0o
Propagation R ellabilby %, 99.909985233 99 959985268
Cutage Parametars: Vigants - Digital
Climate Factor (c) D.262 Temaln Facior (w) 140.0 Average Temperafure 15.56°C / 50.0°F
CFM 32228 DFM  0.000 TFM 32276
BER 1x10ES AIFM D000 EIFM D.D30

A LM R R
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Licensed Backbone Upgrade

 Network design issues

— Original intent was to interface with the router via
an OC-3 card

— | made a mistake and purchased a “fat-pipe” OC-3
card, | couldn’t channelize the traffic

— Researched options w/ Cisco, no channelized OC-3
cards available for our platform

— Two options at this point
1. Break the signals out with a DSX patch panel
2. Use the Ethernet interface on the radio



Licensed Backbone Upgrade

 Network design issues

— We had very limited rack space at one site, the
DSX patch panel required a lot of rack space at
each mountain top

— Using the Ethernet interface started making sense

— Using Ethernet required us to change our network
topology

— Still extended star, as we still route at the
mountain tops, but the backbone is one large flat
switched network
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Licensed Backbone Upgrade

 Network design issues

— Needed a switch to interface with back-to-back
radios at mountain tops

— Specified the Cisco c3750x-24

— Based on the distances involved and number of
hops from the District Office to the network edge,
we decided to investigate timing constraints in a
switched network (maximum number of hops)
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 Network design issues
— 5-4-3 rule, mitigating latency or collision domains?

— Based on 802.3 spec, generally two points on a
network shouldn’t be separated by more than,

* 5 Network segments
* 4 repeaters
e 3 of the segments may be populated

— Determined the rule is intended to mitigate the
latency produced by collisions within a network

— But...
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 Network design issues

— We have a switched network, switches break up
collision domains

— Varying sources differ on whether the 5-4-3 rule is
applicable to switched networks

— Concluded the rule not applicable to our network,
though we still have a latency issue due to
propagation delay
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 Network design issues
— Network latency issue due to propagation delay
* ARP table updates

e Switch at far end, ARP info will timeout before
near end switch receives due to latency

* Three main components to latency in a
switched network, propagation delay,
transmission delay, and processing delay

* Qur biggest offender is propagation delay
— Cisco Solution: Adjust switch timers at full build
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Licensed Backbone Upgrade

 Waveguide details
— EWO0 elliptical waveguide






Licensed Backbone Upgrade

 Waveguide details

— EWO0 elliptical waveguide

— Specs
e Attenuation @ 11.2 GHz: 3.06 dB/100 ft
 V/SWR: 1.15
* E-plane minimum bend radius: 7 in
* H-Plane minimum bend radius: 19 in
e Maximum twist: 2°/ ft
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 Waveguide details

— Flex piece, provides vibration isolation to prevent
work-hardening of connector
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 Waveguide details

— Flex piece, provides vibration isolation to prevent
work-hardening of connector

— Recommend purchasing connector tools, you can
do it by hand, but very difficult



Installation Instructions

Flaring Tools

for use with HELIAX Elliptical Waveguide
Connectors and Splices

()
N 4

Note: Always far

The Hing proce

@ MINOr Nxin
wihar you use the
1 or tho two tool set

i

"

Figure 3

A

NDREW

)y
‘~r—"3

=

143



Licensed Backbone Upgrade

 Waveguide details

— Flex piece, provides vibration isolation to prevent
work-hardening of connector

— Recommend purchasing connector tools, you can
do it by hand, but very difficult

— Waveguide is required to be pressurized to
prevent moisture intrusion which leads to
corrosion
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Licensed Backbone Upgrade

 Waveguide details

— Flex piece, provides vibration isolation to prevent
work-hardening of connector

— Recommend purchasing connector tools, you can
do it by hand, but very difficult

— Waveguide is required to be pressurized to
prevent moisture intrusion which leads to
corrosion

* We use an Andrew dehydrator to pressurize the
waveguide






Licensed Backbone Upgrade

e District 2 has been using Andrew dishes exclusively,
though open to alternatives



Licensed Backbone Upgrade

e District 2 has been using Andrew dishes exclusively,
though open to alternatives

e Existing 4’ standard parabolic dish on tower at Bass
Mtn for 5.8 GHz links



Licensed Backbone Upgrade

District 2 has been using Andrew dishes exclusively,
though open to alternatives

Existing 4’ standard parabolic dish on tower at Bass
Mtn for 5.8 GHz links

New links are on the 11 GHz band



Licensed Backbone Upgrade

District 2 has been using Andrew dishes exclusively,
though open to alternatives

Existing 4’ standard parabolic dish on tower at Bass
Mtn for 5.8 GHz links

New links are on the 11 GHz band

FCC requires better side lobe suppression and front-
to-back ratio than is available with our existing dishes



Licensed Backbone Upgrade

Standard Parabolic High Performance
Andrew P4F-52-N7A Andrew HP4-107/B
— Gain: 35.3 dBi — Gain: 40.8 dBi
— Beam width: 3° H/V — Beam width: 1.6° H/V
— Front-to-back ratio: 52 dB — Front-to-back ratio: 61 dB
— Cross Poll: 30 dB — Cross Poll: 30 dB
— Input: N-Female — Input: Waveguide
— Return Loss: 14 dB — Return Loss: 28.3 dB

—VSWR: 1.50 — VSWR: 1.08



Licensed Backbone Upgrade

 The “barrel” of the high performance parabolic dish
is lined with RF absorbing materials which reduces
beam width for side lobe suppression, and increases
the front-to-back ratio for interference mitigation
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Licensed Backbone Upgrade

* |nstallation lessons

— Logistics and keeping the network up while
services are transitioned to a new network

— Able to keep old backbone up while we
transitioned to new backbone.

* Moved exist dish up/down tower while we
installed new dish and established link.

— Andrew dishes — assembly required

— Peaking the dishes, much more challenging in
software, only refreshes every 10 seconds
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* |ssues with Radio Management
— PNMT;j client and remote monitoring
e Out of band management

e Each “Head-End” radio assigned an IP and
configured as Root NE (Network Element)

 Root NE connects to your Local Network

e Route table in local router directs radio
management traffic to the Root NE NMS port,
while the next hops out are configured as
Normal NE's and PNMT]j client “builds the
network”
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* |ssues with Radio Management
— PNMT;]j client doesn’t archive data
 Stores current and 1-day averages

— Archiving is important for viewing signal level
trends and identifying possible sources of fading
associated with weather or other natural
phenomena

— NEC solution is to install a script on a Linux server
— Script has yet to be installed and tested
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Issues with Radio Management
— PNMT;]j client doesn’t archive data
 Stores current and 1-day averages

— Archiving is important for viewing signal level
trends and identifying possible sources of fading
associated with weather or other natural
phenomena

— NEC solution is to install a script on a Linux server
— Script has yet to be installed and tested

— Currently checking RSL manually (PNMTj client)
every morning
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 Deployment strategy
— Turn up site with POTS or ISDN Telco services
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Field Radio Deployment Strategy

Deployment strategy
— Turn up site with POTS or ISDN Telco services

— Upgrade to ISM band microwave overtime if
service and line-of-site is available

— ISM equipment buys time to license

— After license upgrade, remove ISM equipment and
install at network edge to continue expanding
coverage, continue this process until full build out
complete

176
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— 5.8 GHz ISM band used for roadside links
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Legacy Field Radios

e Old System
— 5.8 GHz ISM band used for roadside links
— Roadside radio’s serial (approx % T1)

— Western Multiplex radio’s, proven reliable carrier
grade radios

— Excellent sensitivity, approx -90 dBm
— Direct Sequence Spread Spectrum
— Full Duplex
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Project History

e Project initially coordinated to 900 MHz
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Project History

e Project initially coordinated to 900 MHz
e Equipment specified
— 4RF radio
— Scala PR-950 half-parabolic antenna
e Early Requirements
— T1 to the roadside
— Licensed link (frequency protection)
— 99.999% reliability
— Reuse the coax currently used for the 5.8 GHz link
— All IDU, carrier grade radios 151
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e Project shelved for a couple of years due to
exhaustive work load and a retirement
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e Project shelved for a couple of years due to
exhaustive work load and a retirement

* Project revisited December 2013

— Throughput requirement changed from T1 to the
roadside to 10 Mbps to the roadside

— Equipment on 900 MHz band (specified by the
FCC) didn’t offer channels wide enough to support
our throughput requirements
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Project History

e Project shelved for a couple of years due to
exhaustive work load and a retirement

* Project revisited December 2013

— Throughput requirement changed from T1 to the
roadside to 10 Mbps to the roadside

— Equipment on 900 MHz band (specified by the
FCC) didn’t offer channels wide enough to support
our throughput requirements

 Began to research other bands...
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Licensed Field Radio Upgrade

 Found radio equipment on the 4.9 GHz band,
commonly known as the Public Safety Band
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 Found radio equipment on the 4.9 GHz band,
commonly known as the Public Safety Band

e At the time the 900 MHz band was being
coordinated, the 4.9 GHz band was looked at, but
there was no equipment on the market yet

e Currently a good variety of equipment available on
the market for the 4.9GHz band, just took a couple of
years for technology to catch up with the FCC
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Licensed Field Radio Upgrade

Found radio equipment on the 4.9 GHz band,
commonly known as the Public Safety Band

At the time the 900 MHz band was being
coordinated, the 4.9 GHz band was looked at, but
there was no equipment on the market yet

Currently a good variety of equipment available on
the market for the 4.9GHz band, just took a couple of
years for technology to catch up with the FCC

Looked at other bands and markets, couldn’t find
anything below 6 GHz we could operate on and met
our throughput requirements
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Licensed Field Radio Upgrade

e A little bit about the 4.9 GHz band
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Licensed Field Radio Upgrade

e A little bit about the 4.9 GHz band
— A “licensed” band without frequency coordination
— 4940 - 4990 MHz, CFR 47 90 subpart y

— Eligibility defined by CFR Title 47 Part 90.523(a)
“State or local government entities. Any territory,
possession, state, city, county, town, or similar
State or local government entity is eligible...”
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Licensed Field Radio Upgrade

e A little bit about the 4.9 GHz band
— A “licensed” band without frequency coordination
— 4940 - 4990 MHz, CFR 47 90 subpart y

— Eligibility defined by CFR Title 47 Part 90.523(a)
“State or local government entities. Any territory,
possession, state, city, county, town, or similar
State or local government entity is eligible...”

— Permissible operations
e Unattended and continuous operation
* Voice, data, and video operations are permitted
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Licensed Field Radio Upgrade

e A little bit about the 4.9 GHz band

— Permanent fixed point-to-point and point-to-
multipoint stations must be licensed individually
on a site-by-site basis. Such stations are accorded
primary status.
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Licensed Field Radio Upgrade

e A little bit about the 4.9 GHz band

— Permanent fixed point-to-point and point-to-
multipoint stations must be licensed individually
on a site-by-site basis. Such stations are accorded
primary status.

— Channels in this band are available on a shared
basis only and will not be assigned for the
exclusive use of any license

— All licensees shall cooperate in the selection and
use of channel in order to reduce interference
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Licensed Field Radio Upgrade

A little bit about the 4.9 GHz band
— 18 channels in the band
* Channels 1 -5 are 1 MHz wide
* Channels 6 —13 are 5 MHz wide
* Channels 14 — 18 are 1 MHz wide

— Channels can be aggregated to 5, 10, 15, or 20
MHz widths
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Licensed Field Radio Upgrade

A little bit about the 4.9 GHz band
— Power limits associated with channel bandwidth
e 1 MHz -> 20 dBm Max conducted output
e 5 MHz -> 27 dBm Max conducted output
e 10 MHz -> 30 dBm Max conducted output
e 15 MHz -> 31.8 dBm Max conducted output
e 20 MHz -> 33 dBm Max conducted output
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e A little bit about the 4.9 GHz band
— Power limits associated with channel bandwidth
— No EIRP limits, however...
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e A little bit about the 4.9 GHz band
— Power limits associated with channel bandwidth
— No EIRP limits, however...

— Point-to-point operations may employ antennas
with directional gain up to 26 dBi without
reduction of output power
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Licensed Field Radio Upgrade

e A little bit about the 4.9 GHz band
— Power limits associated with channel bandwidth
— No EIRP limits, however...

— Point-to-point operations may employ antennas
with directional gain up to 26 dBi without
reduction of output power

— Corresponding power reduction should be in the
amount in dB that the directional gain of the
antenna exceeds 26 dBi
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Licensed Field Radio Upgrade

e A little bit about the 4.9 GHz band
— Licensing process

e Register with the FCC’s Universal Licensing
System (ULS)

e As a registered user, login to the FCC account
and select, “Apply for a New License”

 Complete the information in the pop-up java
applet and submit

 The FCC will grant the license within 1 — 3
business days...
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Licensed Field Radio Upgrade

e A little bit about the 4.9 GHz band

— Unless you work for the State of California, then it
will take 10 weeks, and counting...

— We are required to obtain FCC licenses through
the State Public Safety Communication Office
(PSCO)

— Submitted request 3/12/14 and have not received
license
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Licensed Field Radio Upgrade

e A little bit about the 4.9 GHz band

— FCC mandated frequency coordination process
established by creating Regional Planning
Committees (RPC)

— The Northern California RPC, Region 6, hasn’t
updated their website since 2004

— Talked to a 4.9 GHz band user, never heard of the
RPC and was under the impression that
coordination was not required

— http://www.rgnérpc.org/4940main.htm
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Licensed Field Radio Upgrade

e Used requirements to screen 14 different radio
manufacturers

— Form Factor — IDU (indoor unit)

— Duplexing - FDD (frequency division duplexing)
— Throughput — 10 Mbps to the roadside

— Channelization — Need at least 5 channels

— Security — Network security (SSL, SSH, etc)

— Receiver threshold — Hard to quantify, need good
enough to make 99.999% reliability

— Power — (-)48V compatible, 24/48V preferred
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Licensed Field Radio Upgrade

 Market flooded with all ODU or split architecture
systems: Fast, cheap, and easy
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Market flooded with all ODU or split architecture
systems: Fast, cheap, and easy

Very difficult to find an FDD radio below 6 GHz

— TDD architecture is cheaper to build, and
therefore cheaper to buy

This is the way the carrier market seems to be going

Researched the industrial market and the broadcast
market
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Market flooded with all ODU or split architecture
systems: Fast, cheap, and easy

Very difficult to find an FDD radio below 6 GHz

— TDD architecture is cheaper to build, and
therefore cheaper to buy

This is the way the carrier market seems to be going

Researched the industrial market and the broadcast
market

Bench tested two sets of radios, Exalt EX-4.9i and
Moseley NX-GEN-S
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Licensed Field Radio Upgrade

e Exalt was tested before Moseley was known as an
option
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e Exalt was tested before Moseley was known as an
option

e Sacrificed duplexing over the form factor and
decided to request a trial unit from Exalt to test a link
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Licensed Field Radio Upgrade

Exalt was tested before Moseley was known as an
option

Sacrificed duplexing over the form factor and
decided to request a trial unit from Exalt to test a link

Exalt Ex-4.9i Spec
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Dalt

EX-4.9i

All-Indoor, Carrier-Class 4.9 GHz TDD Radio

for Emergency Response, Public Safety and Government Agencies

The EX-4.9i all-indoor digital microwave radio is the highest ca-
pacity carrier-ciass, TDD radic operating in the 4.8 GHz public
safety band. The EX-4.9i delivers up to 55 Mbps of aggregate user
throughput and up to four T1/E1s at 00.928% avadability. Featuring
natve TDM and native Ethernet transport and full software con-
figurability and upgradeability, the EX-4.8i was designed to meet
demanding deployment and security requirements of emergency
response, public safety and government organizations seeking
the accessibility benefits of an all-indoor configuration.

Carrier-class TDD. The EX-4.8i combines native TDM and native
Ethemnet transport with low, fixed latency to deliver guaranteed
throughput and service quality. Capacity can be allocated vari-
ably between TDM and Ethernet via software, while the select-
able throughput symmetry control feature enables radio capacity
to efficiently match asymmetric traffic requirements, such as those
associated with video surveiliance systems.

Security, Management and Data Networking. The EX-4.0i deliv-
ers the highest data and management security available with in-
cluded 96-bit encryption, optional 128- and 256-bat AES encryption
and secure SNMP v3 management, together with enhanced fauit
management and diagnestic features. The 802.1Q VLAN option
provides buit-m network administration and security flexibility.

ExaltSync™ Synchronization. The ExaltSync technology em-
bedded in the EX-4.0i radio allows multiple radio systems to be
coffocated in close proximity without self-interference, minimizing
antenna separabion and ensuring reuse of scarce spectrum across
all collocated systems.

Industry-leading Spectrum Management. The EX-4.9i prowides
unparalleled transmission resifiency and spectral efficiency. Se-
{ectable modulation, selectable channel bandwidth and frequency
reuse capabilities faciitate inter-agency frequency coordination
and collaboration. A built-in spectrum analyzer is even included,
helping to accelerate deployment and simplify troubleshooting.

.{,.

_—
Primary Specifications EX-4.9i

Maximum  TDM 4&T1IEY
Capacity*
Ethemnet (Aggregate) &5 Mbps
Frequency (GHz) 4.940-4 220
Maximum Range? > 10 miles at 80.808% throughput availability
+ P sefir te e Dot capacty WfyTwEn
+ Ditesce Samad gpee FOC sgaeions, avarage chratle avd e, € €4h adorns ) £ amh ord Longer v thovinr - coady wgdelen CwrmvecE i e pad
Npaogut e nde Yo et
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Licensed Field Radio Upgrade

e Exalt link testing results

— Exalt uses a generic installation and maintenance
manual for several products within the Ex-i line
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e Exalt link testing results

— Exalt uses a generic installation and maintenance
manual for several products within the Ex-i line

— Several differences in features and configuration
between the test 4.9i link and the manual

— Exalt response was, not currently available, but
MAY be available on future software release
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Licensed Field Radio Upgrade

e Exalt link testing results

— Exalt uses a generic installation and maintenance
manual for several products within the Ex-i line

— Several differences in features and configuration
between the test 4.9i link and the manual

— Exalt response was, not currently available, but
MAY be available on future software release

— One of the features in question was access
security, for example https, SSH, SSL, etc
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Licensed Field Radio Upgrade

e Exalt link testing results

— Exalt uses a generic installation and maintenance
manual for several products within the Ex-i line

— Several differences in features and configuration
between the test 4.9i link and the manual

— Exalt response was, not currently available, but
MAY be available on future software release

— One of the features in question was access
security, for example https, SSH, SSL, etc

— Exalt response was, “no one had asked for that
feature”, they didn’t know their market
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Licensed Field Radio Upgrade

e Exalt link testing results

— Measured RSL levels with a power meter and
compared measured value with value reported by
the radio

— Measured value was 3-4 dB lower than the
configured value

e Due to the fact that this a TDD link, the link was
set up for 50/50 symmetry (50% Tx, 50% Rx) so
the meter was measuring half the power
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Licensed Field Radio Upgrade

e Exalt link testing results

— Measured Transmit Power with a power meter
and compared measured value with configured
value

— Measured value was 3-4 dB lower than the
configured value, as expected due to the nature of
the TDD link

— However the configured value increased at a
different rate than the measured value

e Configured at 4 dBm -> measured O dBm
e Configured at 13 dBm -> measured 6 dBm
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Licensed Field Radio Upgrade

e Exalt link testing results

— A couple more things to remember about TDD link
design
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Licensed Field Radio Upgrade

e Exalt link testing results

— A couple more things to remember about TDD link
design

1. Link distance has a significant impact on
throughput
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(a) Differences on frequency axis (b) Differences on time axis
Frame (10ms)

FDD LTE < >
Subframe !

L (1ms)
. ,  Downink { #0 | # #2 | #3 | #4 | #5 | #6 | #7 | #8 #9
Uplink  Downlink Freq, Time
TD-LTE % Frame (10ms) ’
‘Subframe :
Time division  (ims) UpPTS
switching Uplink 4—» _ .
Downiink {0 "i (% [ » B [ ]
DwPTS: downlink pilot time slot UpPTS: uplink pilot time slot

FDD vs. TDD

* Graph shown is from an LTE system
* GP — Guard Period (variable depending on distance)
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(a) Differences on frequency axis (b) Differences on time axis
Frame (10ms)

FDD LTE “ >
-Subframe 5

(1ms)

. ,  Downink { #0 | # #2 | #3 | #4 | #5 | #6 | #7 | #8 #9
Uplink  Downlink Freq, Time
TD-LTE % Frame (10ms) %

‘Subframe :
Time division  (ims) UpPTS
switching Uplink 4—» ‘ _ .
Downiink {0 "i (% [ » B [ ]
DwPTS: downlink pilot time slot UpPTS: uplink pilot time slot

FDD vs. TDD

* Range increase -> GP increase -> frame size decrease ->
LOWER THROUGHPUT!

238



Licensed Field Radio Upgrade

e Exalt link testing results

— A couple more things to remember about TDD link
design

1. Link distance has a significant impact on
throughput

For the Exalt systems, the link can be optimized
for latency or throughput by configuring a
couple of variables

a) FRAME SIZE — Increasing frame size increases
throughput, but also increases latency, while
decreasing frame size has the inverse effect
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Licensed Field Radio Upgrade

e Exalt link testing results

— A couple more things to remember about TDD link
design

1. Link distance has a significant impact on
throughput

For the Exalt systems, the link can be optimized
for latency or throughput by configuring a
couple of variables

b) SYMMETRY — Changing the symmetry can
increase the throughput, as you’re reducing
the number of GP’s in the frame
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Project Title| Exalt 4.9GHz Microwave Link |
|
™ ‘ Other - enter to right------> v A]temative Max EIRP (dBm) Plt R! B Qd
Frequency Band (GHz) 49 l lver rl ge
CNTELS  —
EX-4.9 Calculator Path Length [ 3 & |®mies Okitometers | - - .
Va4t e o it ) H90 sy Link distance 3 mi
Climate 0.25 (Averags) v | 0  |Altemative Climate Factor
Terrain 1.00 (Averacp) v | 0  |Altemative Terrain Factor
RF Noise Value -95dB (Average) v [0 JAuternative RF Noise Value (-dBm)
Channel Bandwidth Sefting oMz | W | | i | @ TDD Frame Size
Interface
Number of T1 Channelsin Use 0 v r@ 11 OF1
Anterna List - "Antenna, Site A Gokxiel 2 Dish, CFIR4ON, 27,78 - [0 ]Alternative Antenna Gain (dBi)
ObyGan @by vendor / Type : - ; e
Antenna, Site B Gabriel 2* Dich, CRDR49-N 27.7¢8 v | Eﬂtunmve Antenna Gain (dBi)
Transmission Line Type, Site A Ancrew 5/8-inch Heliax, LOF4.5-50 4268/1007) | w| [0 ]Alternative Transmission Line Loss (dB/100 ft)
Transmission Line Length (ft) Site A | 75 | Line Loss, Site A 3.2dB
Eyansmissondanedypessiteqy * 0 "0t T Tt et v I'Altemative'nansmission Line Loss (dB/100 ft)
2y v « 2 3 Transmission Line Length Units
Transmission Line Length (f)) SiteB [ 50 | Line Loss, Site B 2.3dB I'© = TR —l
Site A Site B
Lightning Protection Loss (dB) 0 0 typical loss = 0.2 dB / device
Connector Loss (dB) 0.5 0.5 typical loss = 0.25 dB / connector
Additional Jumper Loss (dB) 0.5 0.5
Maximum Legal Transmitter Power Output (dBm) 22.0 220 (for reference only)
Mode-1 (QPSK) Results
Radio Transmit Power Setting (dBm) 22.0 7
Additional Transmit Power Reduction (dB) 18 138 (enter value for Mode 1 only)
EIRP (dBm) 2/.6 28.0
Received Signal Level (dBm) 8.4 584
Receiver Sensitivity (dBm) -86
Interference Factor (dBm) =99
Fade Margin (dB) 16.6 16.6
Predicted One-Way Annual Outage (minutes) 1.0 1.0
Predicted Annual One-Way Availability (percent) | 099.0998% | 99.9998%
Aggregate Ethernet Throughput (Mbps) 11.2 Mbps
Full-Duplex Throughput 2 ps
One-way TDM Latency (ms) A ms
Mode-2 (16QAM) Results
Radio Transmit Power Setting (dBm) 21.0 21.0
Additional Transmit Power Reduction (dB) 11 11 (enter value for Mode 2 only)
EIRP (dBm) 33.6 34.0
Received Signal Level (dBm) -02. -62.4
Receiver Sensitivity (dBm) -(8
Interference Factor (dBm) -95 . - .
Fade Margin (dB) 15.6 15.6 P t R B d
Predicted One-Way Annual Outage (minutes) 1.2 1.2 / ' lve r rl ge
Predicted Annual One-Way Availability (percent) [ 99.9998% | - [ 00.99087~
Aggregate Ethernet Throughput (Mbps) 22.5 S
Full-Duplex Throughput o Mops e Throughput 11.3 Mbps
One-way TDM Latency (ms) 1.2 ms ®

Note: These calculations are provided in order to assist wath the design of a wareless link using an EX-4.9 and are not a guarantee oflink performance. They assume an unobstructed line-of-ate radio path with appropniate antenna height dearance
above terrain and obstructions, using standard factors for terrain and dimate conditions, assuming no unusua or multipath propagation. The availability and outage predictions are based on industry-standard formulae. The calculated performance

may be useful for companison with the actual system when installed



Project Title| Exalt 4.9GHz Microwave Link |
|
™ ‘ Other - enter to right-—-----> v Altemative Max EIRP (dBm) 0 b *
Frequency Band (GHz) 49 rlen
O TTLS S—
EX-4.9 Calculator Path Length [ 89 & |®mies Oxitometers | . - -
Va4t e o it ) 1294 vy Link distance 9 mi
Climate 0.25 (Average) v | 0 |Altemative Climate Factor
Terrain 1.00 (Average) v | 0  |Altemative Terrain Factor
RF Noise Value -95dB (Average) v [0 JAuternative RF Noise Value (-dBm)
Channel Bandwidth Sefting 0ME W | lns | W TDD Frame Size
Interface
Number of T1 Channelsin Use 0 v r@ 11 OF1
CA)nter'na List - -A}nmna, Site A Ghbriel 2.5' Dish, QFD2.5~49-N 29.7dH < Emtunaﬁve Antenna Gain (dBi)
by Gain
. ©by Vender / Tipe Antenna, Site B Gabriel 4' Dish, (FD4~49-N 33.7d8 v | Eﬂtunaﬁve Antenna Gain (dBi)
Transmission Line Type, Site A Ancrew 1/2-inch Heliax, LOF4-50 (5508/100ft) | w| [0 ]Alternative Transmission Line Loss (dB/100 ft)
Transmission Line Length (ft) Site A | 75 | Line Loss, Site A 4.1dB
Transmission Line Type, SiteB """~~~ """ """ e v I'Altemative Transmission Line Loss (dB/100 ft)
e : . -_ : : _ Transmission Line Length Units
Transmission Line Length (f) SiteB [ 60 | Line Loss, Site B 3.3dB I'© = TR —l
Site A Site B
Lightning Protection Loss (dB) 0 0 typical loss = 0.2 dB / device
Connector Loss (dB) 0.5 0.5 typical loss = 0.25 dB / connector
Additional Jumper Loss (dB) 0.5 0.5
Maximum Legal Transmitter Power Output (dBm) 22.0 206 (for reference only)
Mode-1 (QPSK) Results
Radio Transmit Power Setting (dBm) 22.0 g
Additional Transmit Power Reduction (dB) 1 1 (enter value for Mode 1 only)
EIRP (dBm) 45.6 48.9
Received Signal Level (dBm) =29 -4.4
Receiver Sensitivity (dBm) -86
Interference Factor (dBm) =99
Fade Margin (dB) 29.1 30.6
Predicted One-Way Annual Outage (minutes) 1.4 1.0
Predicted Annual One-Way Availability (percent) [ 99.9997% | 99.9998%
Aggregate Ethernet Throughput (Mbps) 7.4 Nbps
Full-Duplex Throughput - ps
One-way TDM Latency (ms) A ms
Mode-2 (16QAM) Results
Radio Transmit Power Setting (dBm) 21.0 20.5
Additional Transmit Power Reduction (dB) 0 0 (enter value for Mode 2 only)
EIRP (dBm) 45.6 493
Received Signal Level (dBm) -24.9 -24.4
Receiver Sensitivity (dBm) -(8
Interference Factor (dBm) -95 .
Fade Margin (dB) 23.1 73.6 0 b
Predicted One-Way Annual Outage (minutes) 2.6 2.0 L~ rl e n
Predicted Annual One-Way Availability (percent) [ 99.9989% | 5 ; a
Aggregate Ethernet Throughput (Mbps) 18.8 S
Full-Duplex Throughput mxy o Throughput9.4 M bpS
One-way TDM Latency (ms) 1.2 ms .

Note: These calculations are provided in order to assist wath the design of a wareless link using an EX-4.9 and are not a guarantee oflink performance. They assume an unobstructed line-of-ate radio path with appropniate antenna height dearance
above terrain and obstructions, using standard factors for terrain and dimate conditions, assuming no unusua or multipath propagation. The availability and outage predictions are based on industry-standard formulae. The calculated performance

may be useful for companison with the actual system when installed



Licensed Field Radio Upgrade

e Exalt link testing results

— A couple more things to remember about TDD link
design
1. Link distance has a significant impact on
throughput
2. Complex synchronization is required between
terminals collocated within the same building
to reduce co-channel interference, the

synchronization ensures all frames on all
terminals are sent at the same time
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Licensed Field Radio Upgrade

e After the Exalt testing we were willing to accept the
TDD limitations as we had very limited options for an
IDU radio
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Licensed Field Radio Upgrade

e After the Exalt testing we were willing to accept the

TDD limitations as we had very limited options for an
IDU radio

* Received a call from a sales rep for Moseley
Broadcast
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Licensed Field Radio Upgrade

e After the Exalt testing we were willing to accept the

TDD limitations as we had very limited options for an
IDU radio

* Received a call from a sales rep for Moseley
Broadcast

e Reviewed the spec for the NX-GEN-S and it met all of
our requirements
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Digital Microwave Radio

# All Indoor Architecture (1+0, 1+1, 2+0) 8 Comprehensive Network Management,

E5-13GHz Web Server, & SNMP

# Modulates QPSK to 256 QAM 8 All Interfaces Nx E1/T1, Gigabit Ethemet, 2 x OC3,
& Software Selected Bandwidth 3.5 - 56 MHz DS3, NxDS3, Integrated Add/Drop Mux, OC3

¥ 2 - 700 Mbps Data Rates 8 Up to 37 dbm Output Power

& Powerful ATPC, XPIC, Adaptive Modulation B Standard TDM and Ethemet Mix Programmabie

& Full-featured Advanced Ethemet # Ring and Consecutive Point Architecture

The NX-GEN-S is an advanced software-defined digital
microwave radio that offers scalable configurations
and the highest value in the point-to-point microwave
marketplace.

This camier class product transports a programmable
mix of native TDM and IP traffic separately, ensuring
a seamless transition from legacy TDM networks
to an all-IP network.

The integrated "Add and Drop™ multiplexer allows
DS3/28DS1, SDH/63E1, add/drop operation. The
advanced QoS / Ethernet features deliver secure
LAN / WLAN networks.

The comprehensive NMS / Web Server /| SNMP

features enable the NX-GEN-S to be integrated
with existing managed networks.

Moseley
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Licensed Field Radio Upgrade

After the Exalt testing we were willing to accept the

TDD limitations as we had very limited options for an
IDU radio

Received a call from a sales rep for Moseley
Broadcast

Reviewed the spec for the NX-GEN-S and it met all of
our requirements

Requested a link from Moseley to test
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Licensed Field Radio Upgrade

* Moseley Nx-Gen-S is a full duplex radio
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(a) Differences on frequency axis (b) Differences on time axis
Frame (10ms)

FDD LTE “ >
-Subframe 5

(1ms)

. ,  Downink { #0 | # #2 | #3 | #4 | #5 | #6 | #7 | #8 #9
Uplink  Downlink Freq, Time
TD-LTE % Frame (10ms) %

‘Subframe :
Time division  (ims) UpPTS
switching Uplink 4—» ‘ _ .
Downiink {0 "i (% [ » B [ ]
DwPTS: downlink pilot time slot UpPTS: uplink pilot time slot

FDD vs. TDD

* An FDD link will use up more spectrum, but the upside
is much higher throughput
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Licensed Field Radio Upgrade

* Moseley Nx-Gen-S is a full duplex radio

* With the Moseley radio’s, the frequency, channel size
and assignment are customizable
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Licensed Field Radio Upgrade

Moseley Nx-Gen-S is a full duplex radio

With the Moseley radio’s, the frequency, channel size
and assignment are customizable

The FCC allowed for a 5 MHz channel size, none of
the TDD radio’s | looked at went lower than 10 MHz
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Licensed Field Radio Upgrade

Moseley Nx-Gen-S is a full duplex radio

With the Moseley radio’s, the frequency, channel size
and assignment are customizable

The FCC allowed for a 5 MHz channel size, none of
the TDD radio’s | looked at went lower than 10 MHz

With the Moseley radio, we get a true full-duplex
connection with a slightly higher throughput using
the same amount of spectrum, while sacrificing
about 2 dB of receiver sensitivity

253



RS Emror Correction = 11

Digtal Roll of Filter = 1.2
Bandawidth 5 MHz

Trellis
Code

e
a4
455
G/
a7

tems to change Highlighted with Pull

down menu options

Bandwidth System

Modulation Efficiency

Type

QPSK
160AM
320AM
S40AM
128CAM

18/16 256QAM

(Bitf Hz)

WO

System
Gain dB

ns
M
107
102

a7

82

Co Channel
3dB
Interfarence
Signal
-100
-102
=10
-102
-103
=104

Co Channel
3dB

1st

degradation on  Adjacent

Threshold
-9
-18
=21
=27
-33
-39

<« 00 0 W

Moseley Throughput and Receiver Threshold Calculator
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Microwave Link Analysis

Shts A Repeater Sie B
Sie Name . Bask Fawnaale
Loeation - Bass Min IE South at Fawndale O
cal Sign : nia nia
Latitude 40" 43 5814 N 40" 43' 1485 N 40" 43 51.00° N
Longiude 122" 22' 0157 W 1227 19' 36.40" W 122 19" 13548 W
Blevation fiim: 27ES.D/E480 94B2/289.0 aTe.0/ 297.5
AZimuth deq: 111.3801 291.4164 / 2560040 205 6846
Distance io Repeater mikm: 2.3/3.7 o812
Frequency MHz: 4052.50000 4977 S0000
Equipment Moseley NA-GEN-5 Moseley NX-GEN-5
Tx Antenna Helght ft 4500 30.00
Tx Antenna Typs o Radio Waves HP2-4.7 Radio Waves HP2-4.7
Tx Antenna Slze / Polarization ft 2/H 2/H
Tx Transmission Ling Length it §9.99 a0.01
Tx Trarsmission Line Type o LDF5-50A LDF4-50A
Rx Antenna Height ftt 4500 30.00
Rx Anienna Type Radio Waves HP2Z-4.T Radio Waves HPZ-4.T
Rx Antenna 5lze | Polarzation ft 2/H 2/H
FRx Transmission Line Lengih it &0.01 &0.01
FRx Transmission Line Type LDF5-50A LDF4-50A
EfMective soopic Radlaled Power dgBm: 41.74 41.80
System Galns Sits A to B Sie B to A
Tx Antenna Gain dBl: 28.50 28.50
Rx Antenna Gain dBl: 28.50 28.50
Transmitter Powear dém: 18.00 15.00
Total Sysiem Gain o8: 16577 16577
System Losses Sits & to B Sie B toa
Free Space Path Loss dBl: 117.621 10812 1176561 10824
DiMracion LosS o5. 0.0 0.0o
Atmosphesic Absorption gB: 0.04 0.04
Foliage LDss o5. 0.0 0.0o
Tx Jumper Loss g5: 0.40 0.40
Tx Radome Loss o8: 0.00 o.oo
Tx Connector Loss g8: 0.74 0.50
Tx Trarsmission Line Loss g8: 312 3.30
Tx Standby Swhch Loss g5. 0.0 0.0o
Tx Power Spiltier Loss g5: 0.0 0.0o
Tz RF Branching Loss o5; 0.0 0.0o
Tx Alienuator Pad Loss g5: 0.0 0.0o
Tx Miscallaneous & Safety Loss d8: 0.50 o.s0
Rx Connector Loss g8: 0.50 0.74
Rx Transmission Line Loss o8: 327 21
Rx Jumper Loss g5. 0.40 0.40
FRx Radome Loss g5: 0.0 0.0o
Rx Hybnd Loss o5; 0.0 0.0o0
FRx RF Branching Lose g5: 0.0 0.0o
Rx ARenuator Pad Loss o5. 0.0 0.0o
Rx Miscellansous & Safety Loss ga8: 0.50 0.50
Repealer Loss oA: 0.00
Total Sysiem Loss o8. 23538 23430
Patn Calculations Sit= A to B She B to A
Unfaded Recalve Signal Lewvel dBm: -69.51 -58.62
Fx Threshold Leved d8m: -34.00 -34.00
Fade Mangin o8. 14459 15.38
Cutage seciyear 3136 25 6B
Rain O seciyear: 0.0 0.0o0
Propagation Rellabilly %: 9000000056 9000001855
Outage Paramsters: Vigants - Digital
Climate Factor (¢} 0.252 Temain Facior (W) 140.0 Average Temperatre  15.56°C / 60.0°F
CFM 1338 DFM D000 TFM 15382
BER 1x10E& AIFM  0.000 EIFM 0.000
L Umremiah Project Fleyi Licensed Eass'Bass F A9 mpl

Juna 3, 3014 12:48:30 P

Papge 1
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Microwave Link Analysis

Site & Sits B
Siie Name o Sugarioal ‘Dbrien
Location : Sugarioal Peak I5 South at Obrien exit
call Sign : nia nia
Lalitude o 4038 5180" N 407 49' 3309° W
Longiude 123 26" 42.10° W 122° 19" 13.0F W
Elevation fim: 3859.8/1176.5 1614.0 /1 4919
Azimuth deq: 133.004 313.0856
Distance mikm: 9.942114.4 a.942714.4
Frequency MHz: 4062.50000 4087 S0000
Equipment : Moseley NX-GEN-S Moseley NX-GEN-S
Tx Antenna Helght ft 2500 30.00
Tx Antenna Typs o Radio Waves HP2Z-4.7 Radio Waves HP3-.T
Tx Antenna Size { Polartization ft 2rv 3
Tx Transmission Line Lengin it 50.00 T5.00
Tx Trarsmission Line Type o LDF4-50A LDF4-50A
Rx Antenna Height ft 2500 30.00
Fx Antenna Typs . Radio'Waves HF2-4.T Radio Waves HP3.T
Fux Antenna Slze | Polarization ft 25w kAT
Fx Transmission Line Lengih it 50.00 T5.00
FRx Transmission Line Type o LDF4-50A LDF4-50A
Effective isolropic Radlated Power gam: 42.38 4277
System Galns Sits A to B Sie B to A
Tx Antenna Gain dBl: 28.50 29.30
Fux Antenna Gain dBl: 29.30 28.50
Transmittar Powar dim: 18.00 19.00
Total Sysiem Gain g8: 75.60 TE.ED
System Losses Sits & to B Sie B toa
Fres Space Paih Loss o8: 120.523 129,567
Difracion Loss o8: 0.00 0.0o
Atmosphenc Absorption d8: 0.1 0.1
Follage Loss o8: 0.00 0.0o
Tx Jumper Loss g8: 0.40 0.40
Tx Radome Loss d8: 0.00 0.0
Ta Connector Loss g8: 0.50 0.50
Tx Traremisskon Line Loss g8: 273 413
Tx Standby Swiich Loss d8: 0.00 0.oo
Tx Power Spiltier Loss g8: 0.00 0.oo
Tz RF Branching Loss o5; 0.0 0.0o
Tx Aienuator Pad Loss g8: 0.00 0.oo
Tx Miscallaneous & Safety Loss d8: 0.50 .50
Fu Connector Loss g8: 0.50 0.74
R Transmission Line Loss o8: 409 275
R Jumper Loss d8: 0.40 0.40
Fux Radome Loss g8: 0.00 0.00
R Hyond Loss o8: 0.00 0.0o
FRx RF Branching Lose g8: 0.00 0.00
Fx Afenuator Pad Loss o8: 0.00 0.0o
Rx Miscellansous & Safety Loss g8: 0.50 0.50
TotEl Sysiem Loss o8 13924 139.6
Path Calculations Sits A to B Sie B toA
Unfaded Recefve Signal Level gBm:. -63.44 -62 .80
R Threshold Leved dim: -34.00 -34.00
Fade Margin o8: 20.56 21.20
Cutage seniyear 197.47 17116
Raln Outage seciyear 0.00 o.oo
Propagation Rellabilly % 99.99937361 99,9994 5725
Outage Parameters: Vigants - Digltal
Climate Factor () 0.262 Temaln Factor (w) 1400 Average Temperature  15.56"C / 60.0°F
CFM 212 DFM D000 21188
BER 1x10E-G AIFM  0.000 EIFM 0.000
L Umremiah Project Fleyi Licensed 5 e Obrten 4.0.mp1

Juna 3, 3014 12:43:40 P

Papge 1
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Licensed Field Radio Upgrade

e Otherissues...
— Field radio antenna
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Licensed Field Radio Upgrade

e Otherissues...
— Field radio antenna

— Need a 2/, 3/, and a 4’ parabolic antenna,
preferably a High Performance Parabolic
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Licensed Field Radio Upgrade

e Otherissues...
— Field radio antenna

— Need a 2/, 3/, and a 4’ parabolic antenna,
preferably a High Performance Parabolic

— Found three parabolic dishes that met our needs

1. Andrew — Not enough selection, 3’ and 4’
dishes recently discontinued, unhappy with

guality recently, only standard parabolic
dishes available
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Licensed Field Radio Upgrade

e Otherissues...

— Field radio antenna

— Need a 2/, 3/, and a 4’ parabolic antenna,
preferably a High Performance Parabolic

— Found three parabolic dishes that met our needs

b
2.

Andrew

Gabriel — Difficult to order, link alighnment
mechanism undesirable, only standard
parabolic dishes available
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Licensed Field Radio Upgrade

e Otherissues...

— Field radio antenna

— Need a 2/, 3/, and a 4’ parabolic antenna,
preferably a High Performance Parabolic

— Found three parabolic dishes that met our needs

b
2.
3.

Andrew
Gabriel

Radio Waves — Offers a variety of High
Performance parabolic dishes, mount and
alignment mechanism look good, easy to buy
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Public Safety Band € —

4.940 - 4.990 GHz Spread Spectrum UNII Band

Device Specifications

» Gabriel “Best In Class” Quality & Dependability
= New Innovative Feed Designs

= Type “N" Femsde connector, 50 ohm, standard.
= CPR 137 Awailable on Parabolic

» QuickFire feads diow for easy installation &

Technical Specifications

= Gabriel as meet of d standard:

EINTIA-195-C and EIATIA-222-F.

» 2-foot (0.6-m) models are supplied with Gabriel's
Patented Quick Align Mount

» The Feed assembly on 2-ft. models is front insertable

Nomna

Moded Sizeft Gginat Bean xm T8 V.‘zf Connector Wesght

n
Number {in) - 4B High Width 48 (RL dB) Type Pounds
(deq)

Bansls
EPDI-49 10.3 219 224 229 90 26 35 17 (11.7) NType 7
EPD2-49 2 (0§ 2865 270 275 46 26 40 1.4 (15.6) o SMA 6 Cable 21
Baabolics
QF243N°  208) 276 2727 278 70 35 3§ 13017.7)  NeType 35
QF2548N* 25(0.8) 296 207 208 56 35 38 130(17.7)  NeType 40
OF443N* 4(12) B8 337 337 is 35 42 130(17.7) NType 100
QF6-49.N 6(1.8) 72 372 373 24 35 48 130(17.7) N-Type 200

* Also wvalalie in RX fmdome induded) configumsons.

GENERAL DYNAMIIKS

C4 Systams 262



— )
RADIOVWAVES

TrE LEAapEr v MIcROWAVE
AnTruva INNOVATION

High Performance antennas minimize
interference as they have more stringent

Key Features

radlation side lobe and front-to-back
suppression characteristic

Lightwelght and rugged design

Easlly Installed with our superior mounting

system included with the antenna

RF

N f

" Y

Some models are avallable with
716 DIN Connector. Please call the

factory for avallabllity

Our Industry leading 7-year warranty

Radome Is included

Single (HP) and Dual (HPD) polarization
are available

Antenna Specificatons, Electrical (typical)

High Performance Series for
4.4-5.0 GHz Frequencies

Model  Dismeter Frequency Gaén (089 148 ewW XPol Rejection. FBRaio  VEWR Max Arteana

Nt = (m) GHz Low Mid  HEgh degn - @ AL a8) Weght

HR.AT 2ps) 4450 2558 264 295 TAmg 2808 s 1510140)  27hs (123)g)
HB.47 3(09) 4450 2 298 303 47 g 20 a8 =2 151 (14.0) S0Bs. {227 kg)
HALAT 4(12) 4450 318 24 229 a6 g W08 5408 151 {14.0} 85be. (323 4g)
HS.AT 6(18) 4460 43 3s4 353 26mg 30 a8 57 a8 151(140) 251 ba. (H3D kg)
HB.AT B{24) 4450 482 @8 383 12mg 08 618 151(140) 424 ba. (1945 4g)
HAPDI4T 103) 4450 2 08 211 121mg 2@ w0 151 {14.0) 27 be. (123 4g)
HO247  2{06) 4450 P 264 269 Timg P FEr=) 151 {14.0) 27 bs. (123 4g)
D347  3(09) 4450 292 %8 303 47 g 08 5208 151 (14.0) 50 bs. (227 Q)
HD47  4{12) 4450 318 24 328 3Smg 08 54 8 151 (14.0) B85 bs. (383 4g)
D547  B{18) 4450 48 3s4 359 26mg 08 57 a8 151(140) 251 bs. (H30Kg)
HPDE47  B{24) 4480 @2 |8 383 15 mg 0@ s1a@ 151(140) 424 ba. {194.54g)

Note: Side Stuts avaiable fom Radio Waves

Radio Waves, Inc. « 485 R Billerica Avenue + N. Billerica, MA 01862 USA - Tel: (978) 450-8800 « Fax: (978) 4598-3310 /8810
www _radiowavesinc.com

Radio Waves, Inc.

40 ntpsAwwwradiow avesinG com

sales@radiowavesinc.com

HPYAT Rew A
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Licensed Field Radio Upgrade

e Other issues...
— Network changes

* Not desirable to have a flat switched network,
want to segment the backbone network from
the field radio networks
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Licensed Field Radio Upgrade

e Other issues...
— Network changes

* Not desirable to have a flat switched network,
want to segment the backbone network from
the field radio networks

e Using a Cisco Layer 3, 16-port switch Service
Module to aggregate Ethernet interfaces from
field radios at Mtn Top locations
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Licensed Field Radio Upgrade

e Other issues...
— Network changes

e Decided to use the existing router at the Mtn
Top, rather than routing off the layer 3
backbone switch
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Licensed Field Radio Upgrade

e Other issues...
— Network changes

e Decided to use the existing router at the Mtn
Top, rather than routing off the layer 3
backbone switch

* A Router gives us some extra flexibility if we
ever needed to use a serial or T1 interface at
the Mtn Top
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Licensed Field Radio Upgrade

e Other issues...
— Network changes

e Decision to use Ethernet interface on field
radios requires us to replace legacy Cisco 2509-
ET routers at ITS Nodes with Cisco 1841 or 1921
routers, the 2509-ET had only one native
Ethernet port, the upgrade will require two
Ethernet ports on the router
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Licensed Field Radio Upgrade

e Other issues...
— Network changes

e Decision to use Ethernet interface on field
radios requires us to replace legacy Cisco 2509-
ET routers at ITS Nodes with Cisco 1841 or 1921
routers, the 2509-ET had only one native
Ethernet port, the upgrade will require two
Ethernet ports on the router

e Upgrade will require an extra 4-port switch
module for our field switch to accommodate
the NMS port on the radio
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Licensed Field Radio Upgrade

e Pit River Bridge Link Turn-up
— Discuss...
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Sac River Canyons Rigid Towers

e Project initiated due to antenna requirements for
Licensed Field Radio Upgrade project when it was
coordinated to 900 MHz
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KOTHREIN
SCALA DIVISION

The Kathrein-Scala RY sernes are rugged broadband yagi
antennas housed in rugged fiberglass radomes, fabricated of
6061/T6 aluminum rod and seamless drawn pipe, anodized
for maximum reliabiity and corrosion resistance. The radome
cause damage. The hardware and fastenings are stainless
steel. The internal balun, coax feed and connector are sealed
n a foam potting system 1o prevent moisture penetration and
assure long service fife in severe environmental conditions.
The haavy aluminum mounting casting allows installation for
V or H polanzation.

» The RY-8008 is spedifically designed for professional fixed-
station applications in the 890-960 MHz band.

Specifications:

Frequancy rangs 890-960 MHZ

Gan 12 a8l

Impeaanca 50 ohms

VSWAR < 1.5:1 maximum (1.35:1 typical)

Polarization Horlzontal or vertical

Front-lo-back ratio =20 d8

Maximum input power 100 watts (gt 50°C)

H-plana Deamwidtn 48 gegrees (hall-power)

E-plane beamwidin 40 degrees (hall-power)

Connecior N famaia

Weight 16.0 b (7.3 kg)

Dimensions 28 x 17 x 12 Inches
(737 x 422 x 305 mm)

Equi Tt piale area 2.78 1 (0.258 mF)

VNG survival rating” 120 mph (200 kph)

i £ )

Shipping weight 28.01b (12.7 kg)

Mounting 2375

Mounting of
to 4.5 inch (B0 to 114 mm) OD.
See ewerse 1ororder informaion.

* Mechanical design Is based on environmental conaltions &5 stipustad in
E1A-222-F {June 1996) endlor ETS 300 019-1-4 which Include the static
See the Engneering Section of the catsiog for further detalls.

@

E@?]

& -

irz
-

RY-900B

Radome Protected Yagi Antenna
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Kathrein Inc., Scala Division  Post Office Box 4580 Medford, OR 97501 (USA) Phone: (B41) 779-66800 Fax: (541) 778-3361
-sCala com

Emak: communications @ kathrein.com

Internat: www kathrein



Sac River Canyons Rigid Towers

* Project initiated due to antenna requirements for
Licensed Field Radio Upgrade project when it was
coordinated to 900 MHz

* Frequency coordination showed extensive use of the
900 MHz band by the railroad, FCC required tighter
tolerances on antenna spec
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Sac River Canyons Rigid Towers

e Project initiated due to antenna requirements for
Licensed Field Radio Upgrade project when it was
coordinated to 900 MHz

* Frequency coordination showed extensive use of the
900 MHz band by the railroad, FCC required tighter
tolerances on antenna spec

* Realized our intent to install Yagis on existing CCTV
poles wasn’t going to work
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Sac River Canyons Rigid Towers

e Specified a gridded half parabolic, Scala PR-950,
based on FCC requirements
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PR-950
KOTHREIRN High-Gain Half-Parabolic Antenna
SCALA DIVISION

The Kathrein-Scala Paraflector® is a high-gain hali-parabolic
antenna used in broadcast and communications systems around
the world.

* High front-to-badk ratio for point-to-point relay system applications,
as well as GSM cellular repeaters and MAS and ISM systems.

* Fabricated from seamiess drawn aluminum tubing and extruded
pipe and heavy aluminum castings, gold anodized for corrosion
protection, plus stainless steel hardware and fastenings. Foam-
filled broadband feed assambly requires no pressurization and

can be easily replaced if necessary.
Specifications:
Frequency ranga 840-060 MHZ
Gan 18 0Bl (16 0Ba)
Impedance 50 ohms
VSWA <121
Polarizaion Horlzonia of vertical
Front-1o-back ratio »25 08
Maximum input power 100 watts (a1 50°C)
H-plans beamwign 12 degrees (nall-powen)
E-plane beamwidth 24 degrees (hall-power)
Connecior N femai
Weight 3810 (17.2 ka)
Inches o AL,

Dimensi Exmrienme i,
Equi Niat piaie area 8.35 ¢ (585 NP} Wi et
Vi survival rating” 100 mph (160 kph) ; :?""
Shipping Gimensions 20X 36 X7 Iches .

(1016 x 914 x 178 mm)
Shipping weight 47D (21.2 k)
— ey Tl =
See mverse fororger Informaon. Horlzontat pastern — H-polartzation

*Mechanical design is based on emvironmental conditons as stipulated in
E1A-222-F (June 1996) andlor ETS 300 018-1-4 which Include the static
mechanical ioad Imposed on &n anienna by wind Bt maximum velocity.
Sea the Engneering Section of the catalog o further detalls.

RoHS
ey
2 Leod Free PARAFLECTOR!: a rogistornd radumas of Kaftvan inc., Scala Dvison.

Kathrein Inc., Scala Division  Post Office Box 4580 Medford, OR 97501 (USA) Phone: (B41) 779-66800 Fax: (541) 778-3361
Emak communications @ kathrein.com  Internat: www.kathrein-scala com
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Sac River Canyons Rigid Towers

e Specified a gridded half parabolic, Scala PR-950,
based on FCC requirements

e Because of the size and weight on the new antenna,
installing it on existing CCTV poles became an issue
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Sac River Canyons Rigid Towers

e Specified a gridded half parabolic, Scala PR-950,
based on FCC requirements

e Because of the size and weight on the new antenna,
installing it on existing CCTV poles became an issue

— Wind and ice loading
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Sac River Canyons Rigid Towers

e Specified a gridded half parabolic, Scala PR-950,
based on FCC requirements

e Because of the size and weight on the new antenna,
installing it on existing CCTV poles became an issue

— Wind and ice loading
— Aesthetics on CCTV pole
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Sac River Canyons Rigid Towers

e Specified a gridded half parabolic, Scala PR-950,
based on FCC requirements

e Because of the size and weight on the new antenna,
installing it on existing CCTV poles became an issue

— Wind and ice loading
— Aesthetics on CCTV pole

* Also, this project was meant to set a precedence for
taller towers further up canyon in densely forested
areas where trees can reach 60 — 80 ft tall
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Sac River Canyons Rigid Towers

* Project Scope

— Install 35" and 45’ galvanized steel lattice towers at
five existing ITS nodes (originally seven sites)

— Towers need anti-climb panels
— Install conduit up the tower for cables
— Install tower ground system

— Interconnect to existing facilities
— Remove existing CCTV poles

282



INDEX OF PLANS
SHEET No. DESCRIPTION

1 TITLE AND LOCATION waP

2-3 CONSTRUCTION DETAILS

414 CCTV 7 ANTENNA TOSER
(ELECTRICAL SUPPORT|

15-16 STRUCTURM, / ELECTRICAL DETAILS

1728 REVISED STANDARD FLANS

THE STANDARD PLANS LIST APPLICAME vo ™IS
CONTRALT ]5 INCLADED IN THE muct
BIDOERS AND SPECIAL PROVISIONS BLOK

PINE GROVE OC

 Project Ciry

Pine orerro,

Pt s T

STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION

PROJECT PLANS FOR CONSTRUCTION ON

STATE HIGHWAY

IN SHASTA COUNTY AT
VARIOUS LOCATIONS FROM
PIT RIVER BRIDGE OVERHEAD
TO 0.1 MILE NORTH OF
LA MOINE ROAD OVERCROSSING

TO BE SUPPLEVENTED BY STANDARD PLANS DATED Moy 2006

LOCATION MaP

Pl

_LOCATION 5: LA MOTNE CCTV

Sha-5-R4. 10

LA MGINE ROAD OC
VOLMERS uC

LAKEHEAD RORDSIDE RESY AAEA
LAKESHORE

LOCATION 4: ANTLERS BRIOGE CCTV
$ho~5-R40,£0

SACRAMENTO RIVER BRIOGE -

LOCATION 3: SACRANENTO HILL CCTV /1 .
Ing- 5109, 1T /[’ Zo
LOCATION 11 D‘h LOCATION OMITTED
PIT RIVER BRIOGE CCTV

3

-
: é % Ono-5-R29.20 Sha-5-Re2.1%
5 n CAKEHEAD UC {AXA RIVERVIEW UC)
Y . LAKDMEAD
3 ROUTE(S. 58
5= ANTLER Suwal 0
-
A WPPER SALT CREEK UC
FAMOALE OC T BOVER OC N ~TILMAN AN Ohaiadplor Baduntive. 01- -
PIT RIVER BAIDOE OVERWEAD 5 oAiT v i :
X NS | Cone LOCATION 2: O'BRIEN CCTV AS BUILT SN R OMIGTA s
TURRTADLL AAY
® Sha-5-832.22 CONTRACY Mo, _ 02-4ET1605 3 17, 2003 ' B
HE LEL Ba 10-03-13 ~Somary 14y 207 A8 55
3 CRRIEN ROMISIE AEST ABEA RE WOE __ MIKE, ZDENEK S v 8 % Le
i /;ff% TR *?fj
B.£, Slgnoture Yor finol approve! TRACT :
THE CONTRACTOR TMALL POSSESS THE CLASS JOR CLASSES) NO SCALE S Ar . Mtyraotion CONTRACT No. | {0254E1604 -
@ LMONSE A5 WECHIED th THE “MOTICE 20 SI00€75." PROJECT 1D | 0200020226 | -
" INIT 014a ”OJEC' NUMBER & PHASE umvo??n



LLPCS PR R

JEAEMIAN PLance

RELTH CCEFFEM

1AM TuaseuLL

&6 Gvtrans’ ELECTRICAL DESIGN

NOTES:

1. FOR ACORATE RIGHT OF WAY MO KCESS
CONTACT RIGHT OF WAY ENGINEERING AT nt nlsm:r CFFICE.

2. VERIFY LOCATION OF ALL EXISTING CORDUITS BEFORE DRILLING
O Ciom PILE FOUNDA t X

NOTES (TWIS SHEET):

E 35" CCTV TOWER, SEE NWIAIT[IIIIA IMI TLEVATION AND FOUMDATION

OETAILS ON SEET SES-1 MWD SE

EXACT LOCATION AMD ORIENTATION OF TONTH TOUNDATION 10 8€
OETERNINGD BY THE ENGINEER.

[31FE exisTing coTv POLE, CAVERA, 7' DISH ANTEMMA AND, CASLES.

[3] sEE conmutt anD CROUNDING DETALL ON SKEEY E-a.

lou OM" i W'l = ‘ et | o, DeKTS
~ Var L
T ~Fxin AR #0ST
Typ o i A DGR 84TE /)
01 -17-13
’ Evist PCC P10 T L 1 |
’. o o ¥
- re, W
0l —¢5
ttwor i - i
oy
C-L—.—(—___ o v =
e S oy S
T—__ —C ' , —
G- - — % ’
! Cxist ﬂ&
- 3l
ﬂ m 3! E « Exlst WBGR
——R il ” |
wom | 0B B LR
DETAIL A
NO SCALE
Y5
s D
— Exist SICH

SEE DETAIL A —

-
fouty o o

Y e L o T N N T M A P A T e T N TRk S et s ks U O s R OB O Tt T OV BT, Y Py L BT VB ATt |

T Sy |

g towe Nink ZHES (LOCATION 2) 3

i 0'BRIEN CCTV :

= NO SCALE 284 E-3 |
™ APPROVED FOR ELECTRICAL WORK ONLY |
. o ' | UNIT 0151 PROJECT MMBER & FSSE Q2006202261 |



JEAEMIAN PLance

RELTH OEFPEN

1AM TusseuLL

66 Gofrans’ ELECTRICAL DESIGN

MOIES. (THIS SHEET):

SECURE OONDUIT TO INSIEE OF TOWER FACE
PER WA ACTUREA'S RECOMMENDATIONS.

@ ST JETAIL A1 STALL CoMUTT
T 00T, REDUCER [T
UROON ASPROHVATELT 34° ABOVE. ~ONDATION,

[3] remumaTe connurt 13 asovt
FOUNDATION, SEE DETAIL 8 THIS SEET

[4] Exorupnwic wELo ALL COMECTIONS To
GRGUND RODS.

W GROUND CONKECTION ME THOD
ﬁ U;)Arﬂ.ltl'! RECOMMENDATIONS

1
CoNoULT
UNION
— NEDER

CoMdurY
QUTLET
BO0Y

DETAIL A
SE MOTE 2

CALYANIZED STEEL TRMEADED —
CONDUIT CaP

—1%°C or 2°C 1YPE )

DETAIL B
2 860 TONLS LEG
ONCUIT WITHIM
WIMRLDWEU‘IHW o
i CMW.“

10_GROUND -
200 PULL mqv. PrXokiak

1*C (TYPE X), 192 BO0G—

Ll 45
N 80
{Typ OF 3}

DETAIL C

0 Ond 00 M >
3  y— T
S B

W
|

\

=
P

* 10 Gng RO

ELEVATION

SECTION A-A

-SEE OETAlL SHELT s£31

END COMIUIT 177 310w
TOP OF TOWER. SEX OETAIL 3

f TS ST

D‘l mur 30 BELOM
!Uil SEL CETAIL B

e
-

~
>

-
ae

o

Wyt L NT

10 Gnd MO—— 2117 T 10 Gnd PCO
1%° €, Nt 1

wew v K

-

rc,w

)\
v

ELEVATION
SECTION 8-8

APPROVED FOR ELECTRICAL WORK OMLY

e

(4 10 Exist 175
NODE FLLL BOX

per comtr | M | o NNees e sakaTy

Var T M

NODE #B

" CJI’YF[ $), 187 BCO
1 8FG
Typ OF 3)

PLAN VIEW
CONDUIT AND GROUNDING DETAIL

Aseut -] CCTV/ANTENNA TOWER
e 10-03-13 (ELECTRICAL SUPPORT)
ac. N MIKE ZDENEK (LOCATION 3)

O'BRIEN CCT
NG SCALE 585 E-4

U TBATE PLOTTED b 0

RT-12] e Poor1eg o oover

e

"e

UNIT 0151 PROJECT MMBER & PHASE

QIOCOO2 26!




pisT] counTY ROUTE
02| Sha 5
2'-¢" to 2-3° OCTV CAMERA >
NICRONAVE Par- Yosifocture RESISTERED CIVIL
1-17-13
) PLASS APPROVAL DATE
j [ Do sy o Cotiternle or Ity otvices o quett\*
focrl e be regum bl S ¥ coeRy &
4] 1 fopirwmns of aecrmic apise of By st
r T B e TN 8 L, 8 W R,
2 Py CETY CMERK £ = =£
" WICRONAVE Per Vonufocture
ANTENNA
i GENERAL NOTES:
T T T %. Locale ot fc information for design shall be
% tosed on using fccotfon eo:rdlnmea 1] below
T I pravndad in D-II—S formot. from scuth 10 north the tower
R 3 1 focgtions cre ¢l alonq -5 in mllfefnic. The cssocicted
~ 9 - tower height ot ooch location is shown in porenthesis.
‘°.
: : LOCATION 13 Pit River : 40°45°27.10°N, 122° 13'09.60°¥ (45°)
LOCATION 2: Oorien @ 40°49733.10°N, 122°19'13.00"W (35')
B i LOCATION 3: Socromento HIII @ 40°52°15.90°N, 122°22°02.50"W {35)
'? LOCATION ¢: Antlers Bricge : 40°53°06.13"N, 122°23°01.€8"W (45")
e : LOCATION 5: Lomoine : 40°56°46.13°N, 122°25°54.40%W (35°)
j
A 2. Nicrowcve ontenno ond CCTY comera fo be Instolled by others.
—— : 3. Tower pods shall de structural concrete.
5 4, Concrete: fz = 3,600 psi O 28 days.
' '
i 3
|
°
N i o
-3 . - -
4'-0" vo 4'-¢" ™ 35' TOWER ON CIDH SEE 35' TOWER ON CIDM SEE
Per Monufocture A BETAIL ON SHEET ses-z\ DETAIL OM SHEET SES-2 y -
! o Vs
1
' ! 7‘ ¥ m—\ﬁ . =
45" TOWER PAD 1 ! !
DETAIL ON 35' TOWER ON CIDH SEE : i i
ST e \ SETAIL ON SHEET SES-2 \ y g{ : !
: 1 i »| ! P
6 Y G : H CIoH—— I cioy —~ ! S
KX e o (253 i 54 : = ! o
' :
i 3 i i
: i ? ' :
Ky : o : ! i
CIDH ———= ™ eI ——~f ! :
i
@ @ ! i LOCATION § LOCATION 3 (CUT BANK)
i SLOPED FINISH GRADE FINISH GRADE
ELEVATION ELEVATION
ELEVATION e W =1
U =1-0"
ELEVATION
=1'-0"
THE CONTRACTOR SHALL VERIFY ALL
CONTROLL ING FIECh BIMENGIONS
BEFORE mm;"oa FABRICATING
ANY NATERIAL.
E=0 o e
o | senw L00aEs STATE: e OmuOE oF ENmEERNG serViCES wa CCTV/ANTENNA TOWER
SRANCH CHIEF JEFFREY B WO00Y SeTALLS | Ao/l J ooy CALIFORNIA e 353'1
p———— vl [sersaruen o Taunmsorrinn| SPECIAL DESIGNS BRANCK ELEVATION DETAILS
L2 L] - - - —
(DTG FETTA, STIIME WK JICIR ELT (RN, 5080 o s o ! ! I, Iur-sm s . .uumlmﬁ-

FILE =) apec_dee_br_pri /20" "ac/Si-4E Y607 /30 -4a 1401, _seo~) 000







'
sty

JEAEMIAN PLance
RELTH OEFPEN

1AM TusseuLL

1. FOR ACCLRATE RIGMT OF WAY AND ACCESS DAYA
CONTACT RIGHT OF WAY CAGINCERING AT THE OISTRICT OFFICE,

v &l(cv’é‘«"l'{mgmb".‘;'&lllﬂ” CONDUITS BEFORE DRILLING

01-06-13 4
SANTUT LINE R AR AR T/

01-17+1

Z 8] V| [ tryp or 3 PPN i Lo

—Exist 175 N0E P8

per Comtr | MR | o NNkes e ket
NOTES: 0 sno 5 Var 0 »

[3] e5'ccTv TOMER, SEL TOMER AND FOUNDATION CONSTRECTION bR e
CETAILS OK SIEET SE5-1 AND SES-2. B ~7
o : % .
[3) EXACT LOTATION 0D CRIENTATION OF TORER FOUNDATION i 1// P
T0 OF OETEMENDD BY THE ENGINCER, bl PRI W X g
[3]E3 EXISTING CCTV POLE, CAVERA, 2° DISH ANTEMGA AND CABLES, ) ,Jl 3 \
[&] $5£ CONDUIT ARD CROUMDING DETAIL ON SMEET -h. / /L
1 FOR N | o e —

[5] 56 Ceast DETAILS FOR REMOVAL AND SEFUACEVENT OF CONCHETE SUAD. B J I P ot '

AN, ] A V,‘....._.\..,

~Lxist PCC PAD
4
- — —
01~ —-TOP OF FOUMOATION TO WKTCH
E ELEVATION CF Exis? PCC SLAB
DETAIL A
NO SCALE
NN ~—LARGE FILL SLOPE AREA
P 22 e
- B
”"‘ h\‘\‘
A N
/" *\‘ ~~SEC OLTAIL &
,' - — ANTLER P
Br Mo, 050047
r _'\
r— ) s B ey ot erra Sl RS

S IBATE PLOTIED wp ) "

z
=i O
§ =
W
< 0 = -
- rer A AAe Uil
ih § -------- CORTRACT W ik 1605
= I N e LA 10-03-13
= o RENNE  MIKE -
w o o 5
: | — gty iR s CCTV/ANTENNA TOWER |
PLAN (ELECTRICAL SUPPORT)
(LOCATION 4)
N ANTLERS BRIDGE g TV ;ﬁf‘
' APPROVED FOR ELECTRICAL WORK ONLY N ALK E-7}:
: —~ R sl ooiore Wl . 3 [T 0151 PROJECT MARER & PHASE 02000202261



B WAl 2 UNIT 0151

PROJECT MMBER & PASE

TR NG T T
per comtr | M | o NNees [ sakaTS
: 0 s 5 Var 1" »
NOVES (THIS SHEET):
= = BN DoRgulT 1 SELON
[3] stowe comourt 1o INSIDE 0= towER FACE mA T Bt e e
PER MANGF ACTUSER™S R COMMENDAT LGNS, ) X
st: DETAIL &% INSTALL cmwn F 3
TLET 00T, REDUCER, | sm CONDUIT 387 aiLOl L
2 CViOn APPROKMATELY 4" 6OVE T ONATION, ‘ Top 0F AOWR. SEL OCTAIL B SEE OETAIL SHEET SE5-1
Nk [3] remmmare consurt 12° dsonE . -
s FOUNDATION, SEE DETAIL B THIS SHEET. ! .
u} 1 i (2 10 Exlar 175 WOE FUALLBOX
[4] EXOTHERMIC WELO AL CONNCTTIONS TO GROURD RODS. l
(5] 1o0tH cROND CONNECTION METHOD {
PER NAMF ACTLAER'S RECCABMENDATIONS, i {
[' ' e
' W e,m
ConpuTT ¢ 3 { % o~ 5200
UNJGH S /' \‘
¢ - - AgpuCER : ;'(v; )
4t conounr | ' ( [y i /@
HE s | ! ; ! | rosaKTion
HE g | ¢ i
’
1| X 1 (¥ ! -
l ! 5
s DETAIL A } | : : |
E NORE 2 {
2 - 13 ’f | 1 [ | | koo o
o | CALVANIZED STEEL TRWEADED — [ @— §
CoMRULT CAP /1
:; - ¢y [ peace s ' it —)
%'C cr 7°C TWE : '“&)zﬁ%u‘; { s oeran ¢
= ’ : |
1 ‘ ' tuis S€ET |
| (1yp oF 3 : B |
- | :
% i H H | i : |
DETAIL B . { ! |
! "t (Typ 3, |'-'z'ees L@f\ H
g E Kl X L |2 i {Typ O 31 \ N |
2 } |
1.2 BCG— - e, Ut — A1) \ \ ] |
-TONER LES ' 3/ L \_ ) |
INSTALL CONBAIIT WITHIN §° P 3 - o = |
oF TOOER LEGC AN CUT FLUSM o A2 X ) - & |
WITH CONCRETE I P |
! s
“ e, N7 | :
§| s - " | Pk vy :
@ | . " = . \ “ A CONDUIT AND GROUNDING DETAIL |
1 ¢ (TYRE 3, 1ep BLC T
<] - 3 5
% e e ) & al E:t < i)
: DETAIL C (Typ oF 31 ¥ it L ATIRE
- 10 Gng D M SATER™ 10 bod RO =i~ & | | “Jrt T0 00 ROO AS BUILT |
i‘- 10 Exis? - 1 [ . ‘L Nl TR TS IOE PULNOR CONIAMLY Io' 02-4E1605 .
5] 175 NODE —ew COAME _ {0-03-13 '
w PULLSAX rew AL e MIKE Z0ENEX .
~ 31
w A 38
- AR} Iéé
y N CCTV/ANTENNA TOWER ]
4 (ELECTRICAL SUPPORT) 5,:
& ELEVATION ELEVATION (LOCATION 4) s
vl SECTION A-A SECTION 8-8 ANTLERS BRIDGE c%g B
&
] APPROVED FOR ELECTRICAL WORK ONLY NO SCALE E-8 5
v QUOCO02261 :






ERsii L0AD |




Tower Ground Qetalls

“ 2 ‘
¢ » f
( . ' '. . - »

292



Sac River Canyons Rigid Towers

e |ssues during construction

— Foundation issues and conflict with Railroad
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Sac River Canyons Rigid Towers

e |ssues during construction
— Foundation issues and conflict with Railroad
— Conduit hangers
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Sac River Canyons Rigid Towers

e |ssues during construction
— Foundation issues and conflict with Railroad
— Conduit hangers
— Anti-climb panels
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Sac River Canyons Rigid Towers

* Project complete August of 2013
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Sac River Canyons Rigid Towers

* Project complete August of 2013

* Project was a success, however...
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Sac River Canyons Rigid Towers

* Project complete August of 2013
e Project was a success, however...
* Revisited Licensed Field Radio Upgrade project

— Requirements changed, needed more bandwidth
to the roadside

— Equipment became available on the 4.9GHz band
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Sac River Canyons Rigid Towers

e lLarge half parabolic 900 MHz antennas no longer
required
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Sac River Canyons Rigid Towers

e lLarge half parabolic 900 MHz antennas no longer
required

e Link reliability with new licensed field radio’s and 2’
high performance parabolic dishes calculated at
99.999%, however there is approximately 10 dB less
margin than there was with our old radios
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Sac River Canyons Rigid Towers

e lLarge half parabolic 900 MHz antennas no longer
required

e Link reliability with new licensed field radio’s and 2’
high performance parabolic dishes calculated at
99.999%, however there is approximately 10 dB less
margin than there was with our old radios

* The new towers allow us to install 3’ dishes at the
roadside to increase margin.
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Sac River Canyons Rigid Towers

e Towers also set a precedence with our Headquarters
Steel Structures unit to allow us to install 80" towers

further up the canyon where trees obstruct line-of-
site paths

e So far no one has complained about the aesthetics, |
think they look good
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Bradley North Backbone Extension

* Ongoing project to extend microwave backbone
network north up the I-5 corridor based on our
deployment strategy

 Good example of our deployment strategy

— Field elements in this area are turned up with
Telco services while we initiate a presence at a
mountain top facility

— When we get into the facility, we will be using ISM
band equipment while we initiate license requests
for the new links
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Bradley North Backbone Extension

* Current status
— Next hop location issues, Bradley or Soda Ridge?

— Still investigating which site has a better view of
the interstate and other state highways
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Bradley North Backbone Extension

* Current status
— Next hop location issues, Bradley or Soda Ridge?

— Still investigating which site has a better view of
the interstate and other state highways

— Winter conditions and access issues compared to
existing sites
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Conclusions

Deployment Strategy

— Field: Telco services -> ISM band microwave if
available -> Licensed microwave

— Backbone: Initiate presence -> ISM band
microwave -> Licensed microwave

Deployment strategy proven effective for our
network for 10+ years

Has made it possible to seamlessly migrate from one
level of service to another






