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This device complies with part 15 of the FCC Rules.
Operation is subject to the condition that the device
does not cause harmful interference.

NOTE:

This equipment has been tested and found to comply with the limits for a Class B digital device,
pursuant to part 15 of the FCC Rules. These limits are designed to provide reasonable protection
against harmful interference in a residential installation. This equipment generates uses and can
radiate radio frequency energy and, if not installed and used in accordance with the instructions, may
cause harmful interference to radio communications. However, there is no guarantee that
interference will not occur in a particular installation. If this equipment does cause harmful
interference to radio or television reception, which can be determined by turning the equipment off
and on, the user is encouraged to try to correct the interference by one or more of the following

measures:
-Reorient or relocate the antenna.
-Increase the separation between the equipment and receiver.

-Connect the equipment into an outlet on a circuit different from that to which the receiver is
connected.

WARNING:

Changes or modifications to this equipment not expressly approved by the party responsible for
compliance (NextNav LLC) could void the user’s authority to operate the equipment.
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1 Introduction

1.1 Purpose and Scope
This document describes the commissioning and normal usage procedure for the WAPS beacon.

This version of the hardware interface through a TCP socket server is derived from an existing
version of the socket server interface that is being used for the Tiger beacon and hence there
may be some references to the Tiger beacon.

2 Architecture

2.1 Hardware Architecture

The hardware architecture of the WAPS Beacon system and the subsystem is described in the
following diagram. It is imperative the user understands that architecture before using the
socket server interface.

The connectivity architecture related to the socket server is illustrated in figure below:

900MHz

Ant

e ‘/Tower — Power System

EVDO
Ant

P x

XMTR XMTR
Master

5 EVD
Switch SNMP Dialup

AC/AC ‘ AC/DC ‘ AC/DC

Figure 1: WAPS BEACON SYSTEM DIAGRAM
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2.2 Software Architecture

Internet/Local
Attach

ARM
(192.168.13.1)

Eth

Linux
Kernel

Main.py
(TCP
Socket Server)
7734

Socket
Clients

UART

Figure 3: SW Architecture

TXF

PGA

uB

PA

Although it is shown that the IP address is static, just so that multiple ZEUS systems can be

connected on the same network, for developmental purposes, we can leave the IP addresses to
be DHCP. One would have to connect a console to the ARM CLI to determine its assigned IP

address.
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3 Beacon Installation Procedure and Options
3.1 Package

The WAPS Beacon includes the following items inside the package:

WAPS BEACON mounted on the mounting kit
e External Cables:
o HARS00017 x2 (Data: XMTR to RB)
o HARS0018 x2 (Data: XMTR to TXSW)

o HARS0019 x2 (GPS: XMTR to TXSW)

o HARS0020 x2 (RF: XMTR to TXSW)

Figure 4: Beacon Packaging
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3.2 Installation Options

There are 4 different options to install the WAPS Beacon, as listed and illustrated below:

1. Wall mount
2. Pole mount
3. H-Frame mount

4. Power System back mount

Notes:

1. Before installation, please unbolt all of the XMTR modules from the
mounting plate, mount the mounting plate first and then to mount
the XMTR boxes.

2. NOT TO DRILL HOLES in the MOUNTING KIT in order to install the
Beacon. Please use the provided mounting Kit brackets.

3.21 Grounding

2N Hl 3
oL LLEL 27
N /
1. Screw - {
2. Nut - ¥ s 5
3. Spring washer - | T 4
4. Protective earth conductor > SR ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ]
5. Bonding 6 — s
6. Star washer | i
1 =

Figure 5: Grounding Stud
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The system is packaged with the 4 separate units (MASTER XMTR, SLAVE XMTR, RB CLK, TX
SWITCH) bonding cables that are connected already to the central Ground Stud as in the
diagram above. Installer will connect the System to the ground using a protective earth cable
from this stud as shown in the diagram above.

GROUND STUD | .
ASSEMBLY

Figure 6: Beacon Grounding Scheme
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3.2.2 Wall Mounting

HOLE NOUNT

-

@ HOLE NOUNT
* HOLE NOUNT

HOLE NOUNT

HOLE NOUNT

HOLE NOUNT
HOLE NOUNT

Figure 7: Wall Mounting
3.2.3 Pole Mounting

POLE MOUNT
BRACKET

Figure 8: Pole Mounting
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3.2.4 H-Frame Mounting

OO0 @O O [ ] ogo (] Do oo

OO0 O ®oO O

GROUND CABLE

Figure 9: H-Frame Mounting
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3.2.5 Power System Mounting

JAGUAR POWER
CABINET

ATTACH GROUND WIRE
FROM GROUND STUD ON
MOUNTING PLATE TO MAIN
CABINET GROUND LUG

EQUIPMENT
MOUNTING PLATE

OUNTING PLATE ATTACHED TO
CABINET WITH 3/8-186
STAINLESS STEEL HEX BOLTS
(4%}

(30.2)

Figure 10: Power System Mounting
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3.3 External Cable Connections

3.3.1.1 XMTR

Please follow the diagram below:

Connect data cable - HARS0017 - from MASTER XMTR box to RB box
Connect data cable - HARS0017 - from SLAVE XMTR box to RB box

Connect data cable - HARS0018 - from MASTER XMTR box to TX SWITCH box
Connect data cable - HARS0018 - from SLAVE XMTR box to TX SWITCH box
Connect GPS cable - HARS0019 from MASTER XMTR box to TX SWITCH box
Connect GPS cable - HARS0019 from SLAVE XMTR box to TX SWITCH box
Connect RF cable - HARS0020 - from MASTER XMTR box to TX SWITCH box
Connect RF cable - HARS0020 - from SLAVE XMTR box to TX SWITCH box
Connect the grounding cable to the ground screw on the mounting kit

10 Connect the ETH+DC cable to the MASTER XMTR box

11. Connect the ETH+DC cable to the SLAVE XMTR box

WHNDU AWM R

Note: Please allow drip loops for all cable connections (to avoid water running up into the
connectors.

3.3.1.2 Weather box connection

1. Connect data cable HARS0021 — from the TX SWITCH box to the Weather box.

3.3.1.3 GPS Antenna and TX Connections

1. Add Polyphaser (Surge Suppression) on the GPS and TX antenna.
Connect the GPS antenna to the GPS antenna port of the TX SWITCH box
3. Connect Tx antenna cable to the “TX” port of the TX SWITCH box

I
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HARS0017 (RB) HARS0018 (TXSW)

HARS0020 (RF)

HARS0019 (GPS)

Figure 11: Cable installation between units
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ETH + DC

Figure 12: External Cable installation
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3.4 TX Antenna mounting

Omni antenna to be installed on tower or roof top construction as defined in site specific
construction drawing. As a general rule on any monopole installations the TX antenna shall be
attached to a 6 foot side arm mount, minimum distance away from the monopole unless the
antenna extends above the monopole in its entirety. Likewise the antenna shall be kept a
minimum distance of 6 feet from any other vertical structures on other types of towers. For roof
tip installations, the TX antenna must extend above all parapet walls and penthouses on the
roof top.

This radio transmitter (FCC ID: A4P-100-0007-01) has been approved by FCC to operate with
the antenna types listed below with the maximum permissible gain and required antenna
impedance for each antenna type indicated. Antenna types not included in this list, having a
gain greater than the maximum gain indicated for that type, are strictly prohibited for use with
this device.

This radio transmitter may only operate using a vertically polarized antenna with maximum gain
of +8 dBi. To reduce potential radio interference to other users, the antenna gain should be so
chosen that the equivalent effective radiated power (ERP) does not exceed 30 Watts.

e Antenna Type: Monopole
e Polarization: Vertical
e Maximum Gain: +8 dBi (maximum gain of antenna + cable loss is 3dBd)

A CSV file (configuration file) per transmitter is created by the NOC engineer, based on the
installation parameters such as line lengths, antenna type etc.

The TX output power level setting is contained in the CSV file.

The output power is adjusted by the “attenuation” setting. This value in the CSV file is
calculated by a formula to set the output power (not to exceed 30W EIRP). The variables used in
the calculation include PA Gain (Gpa), TX Antenna Gain (Gant), TX filter insertion loss (ILflt),
internal cable loss (ILint), external cable loss (ILext), and transceiver output power (PTCVR).

EIRP (W) = 107((PTCVR ] ILint + Gpa B] ILflt @] ILext + Gant) / 10) / 1000
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3.5 Connecting to the Power System

el A

0 N o w

10.

11.

12.

Open the Power System door
Switch the circuit breaker switches to the “off” position if not already.
Connect the HRS0016 cables
Plug in the power chord of the WAPS Beacon and switch on the MAIN switch in the
battery compartment
Verify that the GND tab is broken off and Battery switch is in the OFF position.
Verify that the Rectifier MiniPACK LED’s all go to green.
Verify that the MiniPACL controller display is on
Flip all three circuit breaker switches from step 3 to the ON position simultaneously.
Verify that the following LEDs are lit indicating operation:
a. Ethernet Switch: Phoenix Contact power and ports (all connected ports are lit)
b. EVDO modem (Raven)
Test the Battery backup
a. Flip Battery switch to the “ON” position
b. Flip the Main Switch from step 4 to the OFF position.
c. Verify all LEDs from step 7 are lit.
d. Flip the Main switch back to the ON position.

Connect the EvDO antenna cables to the EvDO Tx port. In cases of sites which have been
documented as requiring EvDO diversity, connect the diversity antenna to the EvDO DIV
port. In cases of sites which have been documented as needing a POTS line, connect the
phone line to the ‘TELCO’ port.

Connect the field service laptop with an Ethernet cable to the ‘Ethernet’ port on in the
Phoenix switch port #5. Wait for a few seconds to get an IP address on the field service
laptop. Try and browse the internet to ensure connectivity. Once connectivity is
ensured, call the operator at the NOC to further commission the beacon box.
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4 Usage Model

4.1 Hardware Connections for the Server

The socket server expects the following modules to be connected to the Zeus board

PA module

- GPS Module
- Rubidium
- Weatherboard

Socket clients communicate with the Socket Server running on zeus over the Ethernet
link as shown in figure below. For developmental purposes, multiple zeus setups can be
connected to the network as long as they have DHCP addresses. One computer on the
same network can be used to communicate with multiple Zeus systems using the
IPAddress:Port configuration.

Router
Ethernet Zeusl
Switch DHCP
Zeus?2
DHCP
GUIClient Zeus3
Computer DHCP

4.2 Socket Server Startup

The socket server runs on the Zeus Board ARM Linux Kernel. To connect to the Zeus Board, use
an ssh client such as ‘putty’ from the GuiClient computer.
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4.

5.

Login to the Zeus ARM Linux shell using the ssh client
Verify that the socket server is not already running

pgrep -fl Main.py # This command will show if the server is already running. If not
continue with the next steps

cd ~/apps/server

python Main.py —s /dev/ttyO1 > /tmp/Main.log &

4.3 Socket Client Installation

The socket client should be installed on the GuiClient computer. This machine can be a Windows

or a Linux PC (with X Windows) as long as python and svn are installed on the machine.

1.

Download pythonxy from http://code.google.com/p/pythonxy/, full version (2.7.2.1).
During installation, make sure that PySerial is selected.

Download the Tortoise SVN client http://tortoisesvn.net/downloads.html (optional)

Unzip the client.zip zipfile on the GuiClient computer and change directory to the ‘client’
folder.

4.4 Socket Client Startup

1.

On the client computer, start the ‘GUIClient.py”’ script by double clicking on the
program. (or ‘python GUIClient.py’ in the case of Linux)
The above step will launch a window as shown in Figure 13. In the ‘Summary’ tab,
enter the IP of the beacon provided by the field technician and port number as
“7734°.
Clicking on connect establishes a TCP/IP connection with the beacon and the
connect button changes to ‘Disconnect’ confirming a successful connection.
If step 4 fails and an error message ‘Could not connect to server’ is displayed then
debug for one of the following causes:

a) An error in IP/ port entered.

b) Ethernet connection issues.

c) The socket server script not running on the zeus platform.
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192.168.216.116 [ \/ ... L] \

7| Zeus Control - NextMav Inc. EI@

Summary | Transmitter | Power Ampifier | Rubigivm | &PS |

Connection settings

Hestnames 192.168.216.116
or
Fort number 7734 =
It is possible to start a client which logs all status updates to
test files. Press the button below if you want to start logging.

Start logging

Figure 13: GUI Summary Tab
441 GPSTab

Click on ‘GPS’ tab to read information from the parsed standard NMEA messages
streamed through the GPS module as shown in Figure 14.
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1. Check for proper GPS antenna connection by verifying antenna status message as not

Open or Short.
7| Zeus Control - NextNav Inc. EI@
192.168.216.134 [ \/ ... [ \
Summary | Transmitter | Powsr Amplifier |  Rubidium | GrE |
Status Conitrol
Receiver mode Overdetermined clock Survey time (g} 2 =
Self survey progress (%) 0
Latitude 37.3839175617
Longitude -121.98738502
Altitude (WGE) -14.3374518122
Temperature 23.9120178223 Minor alarms
PPS Quantization emor 11.37244587459
GPS decoding status Doing fixes
Local clock bias 310888 58375
Local clock bias rate 168 62071228
Time 2012-3-14 4:45:15
Time of week 276315
‘Wesk numbsar 1679
UTC offsat 15
Timing flag

Figure 14: GPS Tab

4.4.2 Rubidium Tab

Click on ‘Rubidium’ tab to read the streamed data from the rubidium as shown in Figure
15.

1. Click on ‘Lock PLL’ to synchronize the rubidium PPS to the GPS reference PPS.

2. Note the ‘PPS offset” which can be a number in the range 0 to 999999999. A
value of -1 indicates that the rubidium is not getting a reference PPS from the
GPS.
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Freq loc disabled

- — — hould nothe -1
Summary Transmitter Power Amplifier Rubidiurm GPS
Status bte Status byte Cither Caritrol
Caset high Caze temperature (C) 72.7 -~
ase temp higl fnalog cal < 0.1 Place PPS pulze (mz) |0 S
PLL lock 1
Case temp low Sat PPS
pulse
foalog cal > 4.9 PPS offset 099909097
Cell temp » 5P
P Set frequency -145 PLLtime const o E
Cell temp < 5P 10MHz EFC too low PT time const 8
Set PLL time
Crystal temp > SF 10MHz EFC too high
D € E7 [ Lock PLL ] [ Unlock PLL ] [ Reset RB

Lamp temp * 5P

Lamp t < 5P Freq lock control off
R TEme Tue, 30 fug 2011 22:49:26 PLL active changed: False -* True

Status byte Status byte
Mo one PPS input Unit reset
f control saturated Bad cmd param
PLL restarted Bad cmd syritax
Bz time intenval EEF RO data comuption
#2456 bad 1PP5 inputs EEP RO write: failure
PLL active Bad intemupt wastor
<2466 1PPS inputs Watch dog timeout + reset
PLL disabled Lamp reset

Figure 15: Rubidium Tab

4.4.3 Transmit Tab

Click on ‘Transmitter’ tab and follow the procedure below to program the transmitter
board.

Procedure to confirm PA connections and cabling:

1. Click on ‘Import from CSV’ to launch an explorer window as shown in Figure 16
and choose Beacon_test.csv’ located in the same client folder as the GUI.

Note: The Beacon_test.csv is a test parameters file with random LLA info and a
safe attenuation of 10dB to transmit well below 30W ERP. This is used to test the
PA power levels and confirm cabling between the TX and PA. The final
configuaration CSV files per transmitter are created by the NOC engineer based
on the installation parameters such as line lengths, antenna type.

2. Click ok to populate the parameters required for transmission and then click save
in ‘Transmission control’ section which programs the parameters listed in the
transmission control tab. The center frequency of operation comes up as
926.227MHz.
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3. Clicking on ‘Disable C Band’ will change the text of the button to ‘Enable C
Band’. Clicking on it again enables transmission just in the C band with center
frequency as set in the transmission control section.

4. To enable dual band transmission, set ‘IF Freq’ to 2.727 in C band and -2.727 in B
band tabs. Repeat step 3 above for both disable C and B band buttons to enable
transmission in both the bands. Setting these numbers will set the center
frequency of operation for the transmitter in dual band to be 923.5MHz. No other
IF frequency offsets are accepted by the GUI.

5. Click on ‘Set WB to Basic mode’ which will start streaming pressure and
temperature data from the weather sensor connected to the transmitter board.
Make sure the pressure and temperature values change for 0,0 to valid
measurements.

6. Click on ‘Save all’ button to set the rest of the parameters on the transmitter board.

7. Clicking on ‘Start transmission” will change the text to ‘Starting’ and after 5-10
sec once the board starts to transmit, the entire GUI panel will get disabled except
‘Stop transmission’.
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r

5] Zeus Control - NextMav Inc. EI@
(192168216134 [ \/ .. [0\
Summary | Transmitter | Power Ampifir | Rubidiom | GPS |
VEEET 5] Open CSV file
i fu vl . » floris » client » R4 | 5 | | Search client P |
Transmissig Organize - New folder = - i @
e Q_E Hardware and Sound i MName . Date modified Type
FRN @9‘ MNetwork and Internet )
@ gps 3/1/2012 1:23 PM File folder
APS D Programs .
. o pa 3/1/20121:23 PM File folder
¢_3 Systern and Security )
. @ pwr 3/1/2012 1:23 PM File folder
82, User Accounts and Family Safety )
Py . @ raw 3/1/2012 1:23 PM File folder
& Recycle Bin )
@l b 3/1/2012 1:23 PM File folder
@ apps ) )
B au 3/1/2012 1:23 PM File folder
oo [ Beacon_test.csv 3/20121:3PM  Microsoft |
Cable delx, @ deo
W Docs =
g floris
i svn
@ client
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Figure 16: Beacon Configuration Setting
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Hardware version 0.12
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Transmission Control
Slot numbar

FRN

WAPES ID

Attenustion {dB)
Backoff (bits)

Center frequency (MHz)
Frequency offset

Cable delay (n=)

Control

Summary | Transmitter | Power Ampifier | Rubidum | ePs |

1

136

001007

10,0

]

526227

]

0.0

D Continuous mode

|:| Carrier onby

TX count:

Dusl band TX

GainSE 13 2
GainDE 38 3
IF Freg  0.0000 |5

Feried 3 =

Duration 3 =

000003

Dissble B band

Dizsble C band

1 val

DC Offset 0

SBlave skt 0 5

Q@ val

D Enable slave

Transmitter Queality

TX quality 1 =
Location
Latitude 37.78509
Longitude -122 408881
Altituds {m) 25484

Sensor altitude {m)  0.001

Imiport from CSY

[ ssve | [whereiswe |
‘Weather
Prassure (F3) 101547
Temperaturs (K} | 201 =
[ Set WE to BYPASS ] [Save]

Reset TX

][ Resst T (including flash) ]

Save all

In this tab you can change
transmitter settings. Change
any values in the input boxes
and after that dick on 'Save’
or ‘Save all' to submit the
changes. Beware, if you
switch to another tab before
having submitted your
changes, changes might be
lost,

1. 3. Ensure that there are no alarms reported by the power amplifier

Figure 17: Transmitter Tab
4.4.4 Power Amplifier Tab
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WVersion Minor interrupt

Overtemperature minor

Msjor interrupt Rx ADC overflow
VSWR DCM unlock
Ov ertemperature major RXLO unlock
TX LO unlock
Undervoltage
TX bounding

Driver overcurment

PA Status
Output overcurrent

[l =]
B .

Figure 18: Power Amplifier Tab

After these steps, the beacon is commissioned with the correct output power levels (not
exceeding 30W ERP per channel), duty cycle, time slot(s), center frequency and bandwidth. The
GUI is then set to monitoring mode where each of the tabs report the measured parameters
from the beacon.

5 Known Limitations for the Socket Server

1. Image downloads are not supported through Socket Server (TX FPGA, RX FPGA, PA
FPGA)

2. Redundancy control is not supported

3. Communication to Rx FPGA is not supported (either through UART or SPI)
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4. Temperature reading of Zeus temp sensor is not supported
5. One wire ID reading of Tx SWitch is not supported

6. Interrupts/GPMC interfaces are not supported SM95wert
7. Communication to rectifier is not supported

6 References

1) Socket Server ICD https://sharepoint.nextnav.com/proj-
ext/Jaguar/TigerDocs/Socket%20Server%20Protocol%20Definition%20v2.0.docx

2) Jaguar SDD https://sharepoint.nextnav.com/proj-
ext/Jaguar/Beacon%20Docs/Karrya Beacon BST SDD V4.doc

3) Jaguar Hardware Architecture: https://sharepoint.nextnav.com/proj-
ext/Jaguar/Beacon%20Docs/Karrya%20Beacon%20HW%20Spec%20V4.0.docx
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