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Presentation Summary 

• 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 
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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 
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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 
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Concept Review 

• Relevant Past Presentations 
– “Microwave Communications for Rural ITS 

Applications”, Ian 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 
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Concept Review 

• Relevant Past Presentations 

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

• 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) 
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Concept Review 

• Relevant Past Presentations 

– “Field Element Network Design for a Rural 
Transportation Management Center, Parts One 
and Two” Ian 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 
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Concept Review 

• District 2 Network 
– One-to-Many (star) dial-on-demand network 

• POTS 
• ISDN 

– Point-to-Point Microwave network (extended star) 
– All IP network 
– Why IP is important 

• Layered approach 
• Portability 
• Scalability 
• Troubleshooting tools 
• Off the shelf equipment is deployable quickly 
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– Phased deployment approach 

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

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

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

• 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) 

• Having Telco connectivity buys us time to 
establish an ISM band link. ISM band link 
connectivity then buys additional time to 
license the link.  We sacrifice frequency 
protection going to ISM, but the bandwidth is 
improved from the Telco services 
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Concept Review 

• 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.) 

• 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 signal 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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Anritsu MS2719B Spectrum Analyzer 
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Interference Issues 

• How it manifests itself 

– Fading, link seems intermittent 

– If it’s a strong signal 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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Interference Issues 

• 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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MICROWAVE BACKBONE 
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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  

• 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 ¼ 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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Western Multiplex radio front view 
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Western Multiplex radio rear view 
100 



Legacy Backbone  

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

 

 

101 



Legacy Backbone  

• 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 

 

 

102 



Legacy Backbone  

• 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) 

 

 

103 



Legacy Backbone  

• 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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Time to upgrade the 
microwave backbone 
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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 
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Licensed Backbone Upgrade 

• 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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Bass Mtn from District Office 
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Bass Mtn from District Office 
Close-up 
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District Office -> Bass Path Profile 
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District Office -> Bass Link Analysis 
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Licensed Backbone Upgrade 

• Network design issues 

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

– I made a mistake and purchased a “fat-pipe” OC-3 
card, I 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 
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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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Licensed Backbone Upgrade 

• 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 

• 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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Licensed Backbone Upgrade 

• 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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Licensed Backbone Upgrade 

• Network design issues 

– Network latency issue due to propagation delay 

• ARP table updates 

• 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 

• Our biggest offender is propagation delay 

– Cisco Solution:  Adjust switch timers at full build  
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Waveguide Installation 
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Licensed Backbone Upgrade 

• Waveguide details 
– EW90 elliptical waveguide 
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Licensed Backbone Upgrade 

• Waveguide details 
– EW90 elliptical waveguide 
– Specs  

• Attenuation @ 11.2 GHz:  3.06 dB/100 ft 
• VSWR:  1.15 
• E-plane minimum bend radius:  7 in 
• H-Plane minimum bend radius:  19 in 
• Maximum twist:  2° / ft 
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Licensed Backbone Upgrade 

• Waveguide details 
– Flex piece, provides vibration isolation to prevent 

work-hardening of connector 
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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 
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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 
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Microwave Backbone 
Antenna’s 
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Licensed Backbone Upgrade 

• District 2 has been using Andrew dishes exclusively, 
though open to alternatives 
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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 
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Licensed Backbone Upgrade 

Standard Parabolic 

Andrew P4F-52-N7A 

– Gain:  35.3 dBi 

– Beam width:  3° H/V 

– Front-to-back ratio: 52 dB 

– Cross Poll:  30 dB 

– Input:  N-Female 

– Return Loss:  14 dB 

– VSWR:  1.50 

 

 

 

High Performance 

Andrew HP4-107/B 

– Gain:  40.8 dBi 

– Beam width:   1.6° H/V 

– Front-to-back ratio: 61 dB 

– Cross Poll:  30 dB 

– Input:  Waveguide 

– Return Loss:  28.3 dB 

– VSWR:  1.08 
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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 

• Installation lessons 

– Logistics and keeping the network up while 
services are transitioned to a new network 
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Licensed Backbone Upgrade 

• Installation 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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Licensed Backbone Upgrade 

• Issues with Radio Management 

– PNMTj client and remote monitoring 
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Licensed Backbone Upgrade 

• Issues with Radio Management 

– PNMTj client and remote monitoring 

• Out of band management 

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

• Root NE connects to your Local Network 

• 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 PNMTj client “builds the 
network” 
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Licensed Backbone Upgrade 

• Issues with Radio Management 

– PNMTj client doesn’t archive data 
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Licensed Backbone Upgrade 

• Issues with Radio Management 

– PNMTj 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 
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Licensed Backbone Upgrade 

• Issues with Radio Management 

– PNMTj 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 
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Licensed Backbone Upgrade 

• Issues with Radio Management 

– PNMTj 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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Licensed Backbone Upgrade 

• Issues with Radio Management 

– PNMTj 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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Licensed Field Radio 
Upgrade 
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Field Radio Deployment Strategy 

• 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 
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LaMoine CCTV 
Microwave site 
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Pollard Flat CCTV 
Telco services 

Future ISM Upgrade 
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Vollmers CCTV 
No Line-of-Site 
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Mt Bradley 
No presence yet 
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Legacy Field Radios  

• Old System 
– 5.8 GHz ISM band used for roadside links 
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Legacy Field Radios  

• Old System 
– 5.8 GHz ISM band used for roadside links 
– Roadside radio’s serial (approx ¼ 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 

• Project initially coordinated to 900 MHz 
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Project History 

• Project initially coordinated to 900 MHz 

• Equipment specified 

– 4RF radio 

– Scala PR-950 half-parabolic antenna 

• 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 
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Project History 

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

• 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 

• 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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there was no equipment on the market yet 
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• At the time the 900 MHz band was being 
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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 

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

• 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 

• 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 

• Unattended and continuous operation 

• Voice, data, and video operations are permitted 
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Licensed Field Radio Upgrade 

• 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 

• 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 

• 1 MHz -> 20 dBm Max conducted output 

• 5 MHz -> 27 dBm Max conducted output 

• 10 MHz -> 30 dBm Max conducted output 

• 15 MHz -> 31.8 dBm Max conducted output 

• 20 MHz -> 33 dBm Max conducted output 
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Licensed Field Radio Upgrade 

• A little bit about the 4.9 GHz band  

– Power limits associated with channel bandwidth 

– No EIRP limits, however… 
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Licensed Field Radio Upgrade 
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Licensed Field Radio Upgrade 

• 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 

• A little bit about the 4.9 GHz band  

– Licensing process 

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

• 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 

• 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 

• 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.rgn6rpc.org/4940main.htm 
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Licensed Field Radio Upgrade 

• 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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Licensed Field Radio Upgrade 

• 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 

• Exalt was tested before Moseley was known as an 
option 
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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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Licensed Field Radio Upgrade 

• Exalt link testing results 

– Exalt uses a generic installation and maintenance 
manual for several products within the Ex-i line 
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Licensed Field Radio Upgrade 

• 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 

• 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 

• 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 232 



Licensed Field Radio Upgrade 

• 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 

• 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 

233 



Licensed Field Radio Upgrade 

• 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 

• Configured at 4 dBm -> measured 0 dBm 

• Configured at 13 dBm -> measured 6 dBm 234 



Licensed Field Radio Upgrade 

• Exalt link testing results 

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

• 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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FDD vs. TDD 

•  Graph shown is from an LTE system  
•  GP – Guard Period (variable depending on distance) 
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FDD vs. TDD 

•  Range increase -> GP increase -> frame size decrease -> 
   LOWER THROUGHPUT! 
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Licensed Field Radio Upgrade 

• 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 

• 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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Pit River Bridge 
Link distance 3 mi 

Pit River Bridge 
Throughput 11.3 Mbps 
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Obrien 
Link distance 9 mi 

Obrien 
Throughput 9.4 Mbps 
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Licensed Field Radio Upgrade 

• 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 

• 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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Broadcast 
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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 
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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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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 I 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 I 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 
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Moseley Throughput and Receiver Threshold Calculator 
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Licensed Field Radio Upgrade 

• Other issues… 

– Field radio antenna 
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Licensed Field Radio Upgrade 

• Other issues… 

– 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 
quality recently, only standard parabolic 
dishes available 
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Licensed Field Radio Upgrade 

• Other issues… 

– 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 

2. Gabriel – Difficult to order, link alignment 
mechanism undesirable, only standard 
parabolic dishes available 
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Licensed Field Radio Upgrade 

• Other issues… 

– 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 

2. Gabriel 

3. Radio Waves – Offers a variety of High 
Performance parabolic dishes, mount and 
alignment mechanism look good, easy to buy 
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Licensed Field Radio Upgrade 

• 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 

• Other issues… 

– Network changes 

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

• 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 

• Other issues… 

– Network changes 

• 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 

• Other issues… 

– Network changes 

• 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 

• Other issues… 

– Network changes 

• 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 

• Other issues… 

– Network changes 

• 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 

• 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 

• Pit River Bridge Link Turn-up 

– Discuss… 
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Sac River Canyon Rigid 
Towers Project 
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Sac River Canyons Rigid Towers 

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

• 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 

• Specified a gridded half parabolic, Scala PR-950, 
based on FCC requirements 
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Sac River Canyons Rigid Towers 

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

• 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 

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

• 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 

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

• 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 

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

• 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 
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Sacramento Hill 
CCTV 35’ tower 
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Pit River Bridge 
CCTV 45’ tower 

Existing Pole 
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Connection Details 291 



Tower Ground Details 
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Sac River Canyons Rigid Towers 

• Issues during construction 

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

• Issues during construction 

– Foundation issues and conflict with Railroad 

– Conduit hangers 
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Sac River Canyons Rigid Towers 

• Issues 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 

• 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 

• Large half parabolic 900 MHz antennas no longer 
required 
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Sac River Canyons Rigid Towers 

• Large half parabolic 900 MHz antennas no longer 
required 

• 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 

• Large half parabolic 900 MHz antennas no longer 
required 

• 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 

• 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 

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

• Current status 

– Next hop location issues, Bradley or Soda Ridge? 
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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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From Bradley looking 
North 
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From Bradley looking 
North East 

314 



From Bradley looking 
East 
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From Bradley looking 
South East 
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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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Photo Courtesy of 
Mike Birdsill 318 
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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 
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Questions? 
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