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, nd over 1,000 bridges
which make up the state highway system.

Nevada Is predominately a rural state with many
roadway devices which need connectivity to the
road operation center.

State and department infrastructure are initially
considered for network connectivity as well as lease
Services.



otocol does not
support

NDOT is not staffed for non-COTS systems.

PTP can extend a network where other mediums
are not available and is reliable and cost effective.

3G/4G can also extend a network but is not as
reliable as other mediums and has recurring costs.
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IStING POINTterRPIRTINITastructure

connect various sites. NDOT decided to move
to 4.9Ghz In the rural areas as the cost comparison
between other technologies and licensed 4.9Ghz
essentially became the same. Additionally, it was the
hope of NDOT to avoid interference from other
wireless users as licensed 4.9Ghz is dedicated for
Public Safety use only. In the urban area such as Reno
and Las Vegas licensed 4.9Ghz has become polluted
by other public safety agencies and is no longer used
by NDOT.



ISUNG POINELE PEIREINIaStructure

Existing Infra
28 Ethernet radio ¢
for approximately 70%,
linear miles that NDOT ITS uses for communications. This
does not include radios for the Statewide Radio System.
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* The radio network is much more complex than what the image
represents. Only the beginning and end point of the data is shown.




NG FOINTLOEOINTINITastruct

VLANSs are u proadcast domains (20
VLANSs for PTP)

Support both unicast and multicast traffic. Multicast is used to
support video.

VLANS supporting video are configure with Pim Sparse Mode with
rendezvous points at each layer 3 switch. ( PIM SM explicitly
builds unidirectional shared trees rooted at a rendezvous point)



EXISUNG POINFLO POINT

5 MHz Channel: Up to 48 Mbps
10 MHz Channel: Up to 100 Mbps
20 MHz Channel: Up to 200 Mbps

NLOS and long-distance LOS performance

High interference environments (Bulilt-in diversity)
VLAN tagging



Network anc

Web access HTTP & F

In-band and out of band management
SNMP v1,v2c, and 3

20 MHz Channel: Up to 200 Mbps

Cambium provides a PTP link planner tool used for RF
path and propagation studies.

System has been in operation for 4 years with no failures
except power.
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Path Profile Mame
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Show FS Graph
Path Length
Path Bearing
Poink Spacing
-Factor
etrain Daka Source
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RP
resnel Zone #

resnel Clearance

~ Properties :I

5.9952 mi

~Results

F3 at Transmitter
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e
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Show FS Graph
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Cofig

Home System Status - Master
Status Equipment Wireless

Link Name Peavey to Halleck RWIS Wireless Link Status

Link Location Peavey Max Receive Modulation Mode: S40AM 7/3

Software Version 45400-09-02 Maximum Transmit Power 23 dBm
Hardware Version 053-RO0-C Remote Maximum Transmit Power 23 dBm
Region Code 14 Transmit Power 19.0, 19.0, 19.0, 19.0 dBm
Elapsed Time Indicator 199 Days 09:26:39 Receive Power -f03, -8, -f27, -723 dBm
Ethernet ! Internet Vector Error =210, -259, -269 -261 dB
Ethernet Link Status _ Link Loss 135.0, 1348, 1338, 1349 dB
Ethernet Speed And Duplex 100 Mbps Full Duplex Receive Data Rate 885, B84, T5D, 8.85 Mbps
MAC Address 00:04:56:00:4d.ed Transmit Data Rate 1770, 17869, 1517, 1770 Mbps
IP Address 172.30.12.188 Receive Modulation Mode G40AM 718 (8.85 Mbps)

Remote IP Address 1723012 187 Transmit Modulation Mode G40AM 718 (17.70 Mbps)

Subnet Mask 255 255 255 192 Receive Modulation Mode Detail  Running At Maximum Receive Mode
Gateway IP Address 1723012129 Range 321 miles




Spectrum Management - Fixed Frequency Mode

Home

Status Local Channel 4: State=ACTNWE CHANMEL, Mean=-96 dBm, 55 5%=-95 dBm, Peak=-95 dBm, Peak of Peaks=-85 dBm

System Administration

Local Receive Channel Spectrum

« Configuration
A0 -

LAN Configuration

Save And Restore -50 —
« Statistics

Detailed Counters

# Installation Wizard

Software Upgrade an I |
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-100 I T T ' ' '

Change Password
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Peer Receive Channel Spectrum Help
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B0 4
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F
F
F
F —I—
20 4 I
—I— F 'y il —I—
- F
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100 | | U = | |
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=t =t I =t =t = I =t =t

Channel Center Frequency [MHz]

Spectrum Management Page Refresh Perind 3500 seconds Interference Threshold 35 dBm

I Submit configuration changes H Reset form J







gateways, both are ormance, mobile, rugged,
commercial-grade 3G cellular router that allows
Ethernet-based devices to simultaneously utilize a
single cellular data account for primary or backup
connectivity.



HTTP/HTTP
CLI
IP/Routing (DHCP, NAT, Policy/IP routing, and Multicast)




Cingular
T-Mobile



RWIS
Flow detector
CCTV



Average Data rate is around 256Kps

Only non-critical systems should be deployed on
cellular



PDISTHICTH 2 8(E/4(E INETWOTrK

ak time. As

. A signal strength of less
than 85dbm IS insufficient for consistent reliability.
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will allow for better
data rate
+ Inexpensive
+ works with our current
Juniper system
+ Passes all traffic thru
the VPN tunnel
§3885 = (= - 4G not available in rural

- areas

xicast - Recurring Cost
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d2-180GoldRanchA-3g
001B3810E580

LAN-Cell 3

proxicast

Setup Wireless (Wi-Fi) Security Applications QoS5 Audnnin Logout

Proxicas

Status - Router STATUS

Lan-Cell 3
Cofiguration
can be done
with WebUI
or CLI

Router Information
Modal Hame
Flrmware Varslan
Current Tima

Running Tima

WAN (USE Modem)
MAC Address
Connactlon Typs

IP Address

Zubnet Mask

Gateway

WAN (Ethernet)
MAC Address
Connactlon Type
IP Address
ubnet Mask

Gateway

MAC Address

IP Address

ubnet Mask

DHCP &arvar

DHCP 3tart IP Addrass

DHCP End IP Addreas

LAM-Cell 3

5.2.2

FrDec 31 2010 22:43207 PST

E houre, 43 mine

Mo MAC Address

wwan

166.140.236.229

255.255.255.25

10.64.64.65

DOc18:38:10CES:55

dhcp

0.0.0.0

DOc18:38:10CES:54

172.28.250.97

Dieabled

172.28.250.33

172.28.250.64

Syatem Time: Frl Dec 31 2010 22:448:35 PST
Up Time: 6 houre, 44 mine

Flrmwars: 522
WAN (USE Modem)

Status: up
Signal Strength: 0%
IP Addresa: 1E6.140.236.229
Provider:

Maodem MEg'T:  Pantach
Modem Modal:  UMLZ30

Up Time: B houre, 43 mins
WAMN(Ethemet)

Status: .I:w:“r
Type: dhep

IP Addresa: 0.0.00

Subnat: 0.0.00

Up Time: o

Wi-Fi

Status: O

Role: Accese Polnt

Moda: BIGN Mixed
Channal: Channa & [2.437GHz]
S8D1: Praxdcassld (Dieablad)
Securityi: Dieabiad

S3D2: Praxdcassl2 (Dieablad)
Securiby2: Dieabiad

# Cllente: o

LAN



Automatic Refresh Interval

System Information

System Name d2-I80GarsonRd-3g Cellular Interface Status

Model LAN-Cell 2 Cellular Connection Status Up (EVDO Rev.A)

NETWORK Bootbase Version V1.08 | 07/10/2009 Service Provider Verizon
Firmware Version V4.02(AQP.6) | 01/12/2010 Roaming Network Not roaming

WIRELESS @ Up Time 09:05:00 Signal Strength ~44 dem (poor) M

SECURITY | System Time 2013-05-27 11:07:38 GMT-07:00 DST Dormant State Yes
Firewall Enabled

ADVANCED Wi-Fi Information

LOGS System Resources Wi-Fi status Disabled

Flash 4/8 MB SSID Proxicastdl

MAINTENANCE

Memory 25/32 MB Bridge to LAN
802.11 mode 802.11b+g
Sessions 27 /3000

LOGOUT Channel Channel-006 2437MHz
CPU 0%

Security mode Mone

# of Associated Clients 0
erfaces Status IP/Netmask IP Assignment Renew
WAN Down  0.0.0.0/ 0.0.0.0 DHCP client e

: Date/Time Message
cellular Up 166.235.33.228/ IPCP client / J
255.255.255.255 2013-05-27 10:57:50 Rule [Tunnell] Tunnel built successfully

Dial Backup  Down 0.0.0.0/ 0.0.0.0 N/A 2013-05-27 09:58:07 Rule [Tunnel1] Tunnel built successfully

LAN 100M/Full 172.28.250.137/ N/ &
255.255.255.2438 System Status
WLAN 100M/Full 0.0.0.0/ 0.0.0.0 | Port Statistics || DHCP Table || VPN || Bandwidth |

DMZ 100M/Full 0.0.0.0/ 0.0.0.0




Pri Cellulas Receiye Dive
W Serial Power

Ea *
TR

+ works with our current Juniper
system

+ Supports IPSEC and GRE
VPN tunnel

- Supports Split Tunneling all
traffic does not go through the
tunnel

- Recurring Cost



Status WAN/Cellular LAN

Last updated time : 05-27-2013 11:21:23

Home
WANCellular

LAN

Security
Services
Serial
Applications

About

VPN Security Services Report Serial

AT Phone Number

AT P Address

AT Metw ork State

AT RSS|{dBm)

AT CellInfo

AT Current Metw ork Operator
AT Metw ork Service Type

AT ALBOS Softw are Version
AT BECAD {dB)

AT Channel

WA M Cellular Bytes Sent
Via MiCelular Bytes Rowd

AT Device Mame

Applications Admin

17757207021
166.130.67.124
Metw ork Ready
-94

Sovda Treegs fdn

Upload | Downl

| Apply || Refresh || Cancel

Cellinfo: BSIC: 0 TCH: 487 R351 -84 LAC: 56891 CellD: 62253

ATET, 310410
HSPA,

H4225_4.0.11.003 Aug 21 2012
85

457

28035600

5449624

352074027387510
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Map Legend

. Verizon 4G LTE * . Verizon 3G . Extended 3G

Mo Service

%,



R

’W"A (511

Network Performan N=Celli2 (3G)EVDO
Average Response limeandPacketlossiusing SNMP&ICMP Data

WindWarningCMS5
Mar 8 2013, 10:35 am- Mar 15 2013, 9:30 am
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WindWarningCMS5
Mar 10 2013, 11:34 pm - Mar 11 2013, 4:38 am

Zoom 1h 12h 24h

T

Trend:

Monday, Mar 11, 00:20-00:24

134.21 ms

% Packet Loss WindWarningCM55: 100.00 %

[

B Response Time WindWarningCMS5

BB Trend
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ntile $5%

B °: Packet Loss WindWarningCHMS5
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AN-Cell'3 (4G)CDMA
Average Response limeandPacketlossiusing SNMP&ICMP Data

May 20 2013, 9:10 am - May 27 2013, 9:05 am

Zoom lh 12h 24h

A il e EnHE - -t ——H b - - bt
200 ms
0 ms

21 May 22 May 23 May 24 May 25 May 26 May 27 May
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I Response Time d2-180GarsonRd-3g
B Trend
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v | Sum

22 May




AN-Gell|3/(4G)EVDO

May 20 2013, 11:33 pm - May 21 2013, 3:57 am
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21 May

Tuesday, May 21, 00:25-00:29

Response Time d2-180GarsonRd-3g: 349.00 ms
Trend: 367.00 ms

i Percentile 95%: 854.33 ms

% Packet Loss d2-180GarsonRd-3g: 50.00 %
Sum: 349.00 ms

3:00 AM

22 May

O W

) Response Time d2-180GarsonRd-3g

B Trend
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Data Coverage Legend

. 4G LTE * (viewable at 120 miles and closer)

(EDMSE and/or GFRS)
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Average ResponsesimeandPacketloss using SNMP&ICMP Data

d2-5R285R431-39
May 12013, 11:02 pm - May & 2013, 10:57 pm
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EVADA 5113
DOT Network PerformancelUsing Raven X GSM (3G} ('—:))

Average ResponsesimeandPacketloss using SNVP&ICMP Data

d2-SR2B5R431-3g
May 7 2013, 5:51 pm - May 7 2013, 11:37 pm

FZoom 1h [12h 24h

Tuesday, May 7, 20:10-20:14
1000 ms Response Time d2-SR285R431-3g: 1,087.50 ms
Trend: 226.47 ms
Percentile 95%: 241.00 ms
{ % Packet Loss d2-5R285R431-30: 33.33 %
4 Sum: 1,087.50 ms
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Proposed Verizon Wireless Access and Verizon MPLS Network
for NDOT

NDOT
200 South Virginia St. 4th Floaor.

100D PWG Rena, Nevada 88501
Primary Port)
20Mb =
N a-
Ethernet i I'-- N
- A10ME Aposce line
WVerizon Wireless .
o rivate IF

Private Network

Al
i
- J M rk
Verizon Wireless 100D (FWE
Secondary
Pt for Tal

over
MO CHARGE

Router provided, installed and maintained by VzB (for Managed solution) or
@ Router provided, installed and maintained by Customer (for Un-Managed solution)
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FOR ADDITIONAL INFORMAT

JIM WHALEN

NEVADA DEPARTMENT OF TRANSPORTATION, TRAFFIC
OPERATIONS

1263 S. STEWART ST CARSON CITY, NV 89712
/75-888-7/887
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