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1 Revision History

Table 0 — Revision History

Revisions | Author Date Status Notes
0.01 Dawen Zhang | Nov 20, 2015 | Draft Initial Draft
0.02 Steve Beaudin | Dec 2, 2015 | Draft Editorial Changes + database
1.00 Steve Beaudin | Dec 16,2015 | Approved | Updated for higher power
1.01 Steve Beaudin | Dec 22,2015 | Approved | Updated TX power values
1.02 Steve Beaudin | Feb 5,2016 | Approved | Added applicable model
number table.
1.03 Steve Beaudin | Feb 19, 2016 | Approved | Added Yagi antenna, plus
approved antenna list.
1.04 Steve Beaudin | Feb 26th, Approved | Added TX Power vs. antenna
2016 gain.
1.05 Steve Beaudin | March 4th, Approved | Corrections to Section 4.4 as
2016 per request from CB.
1.06 Steve Beaudin | June 9th, Approved | Added section to explain
2016 which units can operate as
CPEs and which as BTS.
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2 Applicable Model Numbers

This users guide is applicable to the following products.

Model Number | FCCID Max.TX Channel Peak
Power Bandwidth Throughput
(Mbps)
GWS-4006-17 2AASTGWS-4006-17 | 17 dBm 6 MHz 16.5 Mbps
GWS-4006-23 2AASTGWS-4006-23 | 23 dBm 6 MHz 16.5 Mbps
GWS-4012-23 2AASTGWS-4012-23 | 23 dBm 12 MHz 33.0 Mbps

@2015 6Harmonics Inc. All Right Reserved




3

4.1

4.2

4.3

FCC Regulatory Information

This device complies with part 15 of the FCC Rules. Operation is subject to the
following two conditions: (1) This device may not cause harmful interference,
and (2) this device must accept any interference received, including interference
that may cause undesired operation. Any changes or modifications not
expressly approved by the party responsible for compliance could void the
user’s authority to operate the equipment.

Part 15 TV Band Device Notice

This equipment has been tested and found to comply with the rules for TV bands
devices, pursuant to part 15 of the FCC rules. These rules are designed to
provide reasonable protection against harmful interference. 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. 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:

e Reorient or relocate the receiving antenna.
e Increase the separation between the equipment and receiver.

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

e Consult the manufacturer, dealer or an experienced radio/TV technician
for help.

Caution: Exposure to Radio Frequency Radiation.

To comply with FCC RF exposure compliance requirements, for fixed
configurations, a separation distance of at least 40 cm must be maintained
between the antenna of this device and all persons.

This device must not be co-located or operating in conjunction with any other
antenna or transmitter.
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4.4  Only the following components are approved for use with the radio.

e Power over Ethernet Mid-Span: PowerDsineTM 9001G-40/SP See pictures in

Figure 1

e OMNI Antenna SL13319A, 2.5 dBi Gain, see pictures in Figure 2
e Sector Antenna SL12948A, 7 dBi Gain, see pictures in Figure 3

e GWS-4006-23 radio, see picture in Figure 4.

e You'll need to have RJ-45 Ethernet cables, RF cables, AC power cord and
PCs to assist with the setup. See Figure 5 and 6.
e Sector Antenna SL14174A, 8dBi Yagi, no radome. See figure 6B.

Item GWS-4006-17 | GWS-4006-23 | GWS-4012-23 Notes

SL13319 A, 2.5 dBi X X X At up to the

OMNI maximum power of
the module

SL12948A, 7dBi
sector

At a maximum
power of 17 dBm

SL14174A, 8dBi
sector

At a maximum
power of 17 dBm

PD 9001G-40/SP

40W injector

PD9501G/SP

75W injector

Table showing which antenna and POE Injectors are approved for use with each of the GWS-
4000 radio modules. The x indicates the antenna or POE injector is approved for use with the
radio module at the top of the column. A blank entry indicates the equipment is not approved
for use with the module at the top of the column.

4.4.1 Transmit Power vs. Antenna gain
4.4.1.1 Setting Antenna Gain

During the initial configuration of the unit, the professional installer must use the
"setantennagain” command to enter the gain in dBi, of the antenna being used with the
unit. When the unit is shipped, this field is left blank and the unit will not transmit until a
valid entry is provided.

4.41.2 Transmit Power Reduction vs. Antenna Gain

For the GWS-4006-17, the unit can transmit at a maximum power of 17 dbm, using an
antenna gain of 6dBi or less. For antenna gains greater than 6 dBi, the software will
reduce the maximum permissible power by 1 dB for each additional dB of antenna gain
above 6 dBi.

For the GWS-4006-23 and GWS-4012-23, the unit can transmit at a maximum power of 23
dBm, using an antenna gain of 2.5 dBi or less. For each dB above 2.5 dBi of antenna gain,
the SW will reduce the maximum permissible power by 1 dB.
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Figure 1 — POE Midspan

Figure 2 - OMNI Antenna SL13319A, 2.5 dBi Gain

Figure 3 — Sector Antenna SL12948A, 7 dBi Gain

g .

Figure 4 — GWS4006-23 Radio

Figure 5 — RF-45 Ethernet Cables

| 1>

ao!

Figure 6 - AC Power Cord

radome.

Figure 6B: SL14174A: 8dBi Yagi, no
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45 Approved Modes of Operation

The GWS-4000 series units can be used as either customer premise units (CPESs) or base stations (BTS)
depending on the software configuration, and whether or not the database agent has been approved for use in
that mode. Currently, the GWS-4006-17 has only been tested and certified for use as a CPE. The GWS-4006-
23 and GWS-4012-23 have been certified and can be used as either a CPE or a BTS, subject to the customer
having the appropriate software key.

The following table outlines the approved operating modes for each module type:

Model CPE BTS Note

Number

GWS-4006-17 Yes No Can only be used as a CPE

GWS-4006-23 Yes Yes Approved for both modes

GWS-4012-23 Yes Yes Approved for both modes. Note that this product

can only be used where 2 contiguous channels are
available. If the database does not provide a
channel list which includes at least two contiguous
channels, the module will not transmit.

GWS3000 Yes Yes The GWS3000 was the first product certified by
6Harmonics and is a single channel system. It has
been certified for use as either a BTS or CPE and
can interoperate with the GWS-4006-17 and GWS-
4006-23. For more information on the GWS3000
please refer to that module's users guide.

Table shows which units have been approved to operate as a CPE and which units have been
approved to operate as a BTS. The database software operates differently depending on
whether the unit has been configured as a BTS or CPE. To date, all units have been certified
as BTS and CPE's with the exception of the GWS-4006-17 which has only been certified as a
CPE.

In addition, when the units are used as a network, the modules must be used as either a
CPE or BTS and the CPE's must connect to the BTS using the UHF airwaves. The
following modules can be used as CPE / BTS pairs.

Configuration | Models used as BTS and CPE Nodes

#

Config. 1 GWS3000 as BTS / GWS3000 as CPE

Config. 2 GWS3000 as BTS / GWS-4006-17 as CPE

Config. 3 GWS3000 as BTS / GWS-4006-23 as CPE

Config. 4 GWS-4006-23 as BTS / GWS3000 as CPE

Config. 5 GWS-4006-23 as BTS / GWS-4006-17 as CPE

Config. 6 GWS-4006-23 as BTS / GWS-4006-23 as CPE

Config. 7 GWS-4012-23 as BTS / GWS-4012-23 as CPE 12 MHz systems can
only operate with other
12 MHz systems.

Table shows which modules can be operated as a CPE/BTS pair.

All 6 MHz systems are able to interoperate, as a BTS or CPE. The only exception to this
rule is that the low power GWS-4006-17 has only been certified as a CPE, and as such it
must connect to a GWS-4006-23 or GWS3000 as its BTS. All other modules, the GWS-
4006-23, GWS-4012-23 and GWS3000 can be used as either a CPE or BTS. For the 12
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MHz system, GWS-4012-23, this is currently the only available model number and as such
they must be used as a pair where one or more GWS-4012-23 configured as CPE's connect
to a GWS-4012-23 which has been configured as a BTS. Please note that a software key
must be obtained from 6Harmonics to allow a CPE to be upgraded to a BTS.

5 Overview

This documentation provides a quick guide on how to setup and use the
6Harmonics’'s GWS-4006-23 Radios, and establish a radio link.

6 Required Hardware and Software
To accomplish the setup, you'll need the following hardware and software:

6.1 Minimum of one GWS4006-23 radio and one GWS3006-20, see Figure 4
6.2 Two POEs for power supply, see Figure 1

6.3 Two antennas, see Figure 2

6.4 One PC with telnet supported

6.5 Four Ethernet RJ45 cables, see Figure 5

6.6 Two AC power cord and AC power outlet, See Figure 6
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8 System Block Diagram

The typical minimal basic system setup for GWS4006-23 would consist of one CAR
(Base Station) and on EAR (CPE)as shown in Figure 7. The CAR would behave like
a BTS and connect to the internet, the EAR would connect to the CAR through the
UHF air wave.

UHF Airwaves

AC Power
AC Power

Router

Figure 7 — System Block
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10 System Setup/Configuration Flow Chart

Figure 8 shows the system setup/configuration flow chart briefly. Please follow
the steps in the flow chart to setup the system and establish a radio link. The
detailed step by step instructions will be described later on.
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11 Hardware Setup and Power Up

First connect Antenna, then connect midspan power out to box’s RJ-45
connector, connect midspan data in to PC’s Ethernet port, then connect AC
cable to AC power outlet, Figure 9 shows one of the two setups.

Antenna
Management PC
GWS4006-23
MidSpan
Ethernet Port
POE Port
Figure 9 Hardware Setup

For an actual deployment, the GWS4006-23 radio module would be located on the
roof of a building, or on a pole or small tower along with the antenna. The POE
Midspan would typically be in the home, or in a small weather proof utility box at the
base of the pole or tower. A Cat5e cable will run from the POE midspan to the
GWS4006-23 radio module. The maximum length of CAT5e cable which can be
supported is 100m.

Warning: Ensure an approved TVWS antenna, or RF load, is connected to the
radio module antenna connector prior to powering up the unit. If the unitis
powered up without an antenna or load, the power amplifier can be
permanently damaged.
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13 Configure PC IP Addresses

All the new deliveries come with default IP address 192.168.1.1. To log onto the
radio, the PC must be configured on the same subnet of 192.168.1.xx. Below is
an example of how to configure the IP settings on a windows based computer.

13.1 Go to control panel/ and double click “Network and internet” menu, see Figure 10

! e
ontrol Panel O

_—l + Control Panel » - = (43l Search C
|

Adjust your computer's settings Viewby: Category
i  System and Security User Accounts and Family Safety M
" Review your computer's status '@'Add Of FEMOVE USEr accounts
Back up your computer '@' Set up parental controls for any user

., Find and fix problems L
Appearance and Personalization

Change the theme
Change desktop background
Adjust screen resolution

§ &

e
*+a Network and Internet
M View network status and tasks
“&=2.. Choose homegroul Network and Internet
Check network status and change
L Hardware and settings, set preferences for sharing
'--. View devices and ¢ files and computers, configure
Add a device Internet display and connection, and
Connect to a proje| More.

m

Clock, Language, and Region

Change keyboards or other input methods

Ease of Access
Adjust commenly used mobility settings . Let Windows suggest settings

Figure 10

13.2 After double clicking the Network and Internet menu, you’ll get a new window as
Figure 11. Then double click View network status and Tasks option.

3 @ » Control Panel » Network and Internet » - | | Search Control Panel

. File Edit View Tools Help

Control Panel Home

...
"++ &M Network and Sharing Center
-2y "Miew network status and tasks | Connect toa network | View network computers and devices
Add a wireless device to the network

System and Security

¢ Network and Internet
Q HomeGroup

Choose hemegroup and sharing options

Hardware and Sound

Programs ]
(&, Internet Options

User Accounts and Family = - .
Safety —| Changeyour homepage | Manage browser add-ons | Delete browsing history and cookies
Appearance and Lenovo - Internet Connection

Pl Find wireless networks | Setup Mobile Broadband | Turn radios on/off

Clock, Language, and Region Set printer and home page by lecation | Lenovo - Mobile Hotspot

Figure 11
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13.3 After click View network status and task, you’ll see new window as Figure 12.

Then double click

i
O ]
oo
" 3 =~ » Control Panel » MNetwork and Internet » Metwork and Sharing Center - || Search Control Panel 0
Control Panel Home . . . . . @ il
View your basic network information and set up connections
Manage wireless networks m: ‘; 0 See full map
3 . el

Ch dapter setti -

e T530 Multiple networks Internet =
Change advanced sharing (This computer) 1
settings ) . .

View your active networks Connect or disconnect
@ LiuHe Access t},.rpe: | Int.ernet .
¢ ol =
Work network Connections: ! W.lreless Metwork Connection
See also (LiuHe)
HomeGroup
Internet Options Uni oo ,
nidentified network Access type: Mo network access
Lenove - Internet Connection Public network Connections: [ Local Area Cognection
Windows Firewall
Figure 12

13.4 After click “Local Area Connection”, new window appears as Figure 7, then click

“Properties” button to enter properties window. See Figure 13.

o T
[ Local Area Con nectE:_m u
General

Connecton
IPv4 Connectivity: Mo network access
IPwvE Connectivity: Mo network access
Media State: Enabled
Duraton: 05:12:23
Speed: 100.0 Mbps

Activity
e J
Sent —— %! ——  Received
g
Packets: 1,102 | ]

[ @Eroperties ] [ @E_)isable ] [ Diagnose ]

Figure 13
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13.5 In the Properties window, highlight Internet Protocol Version 4(TCP/IPv4) (see

Figure 8)

13.6 Then click Properties to enter new window as Figure 14.

1 Lacal Area Connection Prﬂperﬁﬁ‘

==

MNetworking | Sharing |

Connect using:
F  Intel{R) 82575LM Gigabit Metwork Connection

This connection uses the following items:

I Cliert for Microsoft Metworks
QQDS Packet Scheduler

-4 Intemet Protocal Version & (TCPSIPwE)

E Y Intemet Protocaol Wersion 4 (TCPA1Pwd)

IR K] R RIRI

=t Link-Layer Topology Discoverny Responder

g File and Printer Sharing for Microsoft Networks

-&. Link-Layer Topology Discoverny Mapper L/0 Driver

[ Install ... ] Uninstall [ Properties ]

Description

across diverse interconnected networlcs.

Transmission Control Protocol/Intemet Protocol. The default
wide area networs protocol that provides communication

Fiaure 14

13.7 After entering Internet Protocol Window, select “Use The following IP Address”

to specify your PC IP Address. Here for example it is 192.168.1.188 and subnet

mask is 255.255.255.0. Then Click OK/close/close to close all the windows opened.

See

Figure 15.

-

Internet Protocel Version 4 (TCP/IPv4) Properties -

General

el =)

for the appropriate IP settings.

(7) Obtain an IP address automatically

i@ Use the following IP address:;

Alternate DMS server:

[T validate settings upon exit

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator

IF address: 192 . 158 . 1 ., 188
Subnet mask: 255 ,255.255. 0
Default gateway:

Obtain DMS server address automatically
i@ Use the following DMS server addresses:
Preferred DMS server: 8 . 8 3 3

J [ Cancel

]

Fiaure 15
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13.8 After Closing out all windows, go to DOS prompt and type “ipconfig” to see if
new IP address is properly assigned, see Figure 16.

BN Select Command Prompt

Dy o= i)

a =
C:~>ipconfig

Windows IP Configuration

Wireless LAN adapter Wireless Hetwork Connection 2:

Media State . .

T Media disconnected
GConnection—specific DNS Suffix .

Wireless LAN adapter Wireleszsz HNetwork Connection:

Connection—specific DNE Suffix
Link—-local IPv6 Address . . .

IPv4 Address. - . . . .
Subnet Mask . . . . . .
Default Gateway . . . .

- fefB: :dB2c:36h7:5717:V5e?x12
- 18.18.1 .59

- 255.255.255.8

- 18.18.1.1

Ethernet adapter Local Area Connection:
Eonnection—gpecific DHE Suffix
[Eubnet Mask
Default Gateway . .

Tunnel adapter isatap.{E4?CYBAE-8564—4F63-BBDA-6FDSEDSDLERA%:
Media State . . . . . . . . . .
Connection—specific DHE Suffix

Tunnel adapter isatap.{1%3BA2ZEC—3B59-—4BOF-8121-A3F1441F37.

Media State . . . . . . . . . . . &
Connection—specific DHE Suffix . :

Media disconnected NEW IP

Media disconnected

Tunnel adapter Teredo Tunneling Pseudo—Interface:

Media State . .

T Hedia disconnected
Connection—specific DNE Suffix .

Tunnel adapter isatap.{@81D941B-B4FF-4DF6—2?8E3-7C49FCEC1EA?>:

Media State . .

f e e e e e e Media disconnected
GConnection—specific DNES Suffix

G~

Figure 16 DOS ipconfig printout
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15 Assign new IP Address for GWS4006-23

After configuring PC IP on the same subnet of 192.168.1.xx, you should be able
to communicate with the radio box after booting up.

15.1 First ping to see if PC can talk to box, see figure 17. If you get ping reply from box
IP of 192.168.1.1, that means the radio box is up, connections are good, all ready
to go to next step.

p

BEY Command Prompt

C:s>ping 192.168.1.1

Pinging 192.168.1.1 with 32 bhytes of data:

Reply from 192.168.1.1: hytes=32 time{ims TTL=64
Reply from 192.168.1.1: hytes=32 time{ims TTL=64
Reply from 192.168.1.1: bytes=32 time{ims TIL=64
Reply from 192.168.1.1: bhytes=32 time<ims TIL=b4

Ping statistics for 192.168.1.1:

Packets: Sent = 4, Received = 4, Lost = @ (Bx lossd).
Approximate round trip times in milli-seconds:

Minimum = Bms. Maximum = Bms. Average = @ns

Czw2>

Figure 17 ping result

15.2 Now radio box is up, and PC is able to talk to the radio, we can telnet on to the
radio to assign a new IP address. To simplify the setup in this example, we will
assign it as 192.168.1.23 for one box and 192.168.1.24 for the other. First type
“telnet 192.168.1.1” command on DOS prompt and enter. See Figure 18.

BE¥ Command Prompt

C:sdping 172.168.1.1

Pinging 192.168.1.1 with 32 hytes of data:
TTL=64
TTL=64

Reply from 192_168.1.1: hyt i TTL=64

Reply from 192_168.1.1: hytes=32 time<ims TTL=64

Ping statistics for 192.168.1.1:

Packetz: Sent = 4. Received = 4, Lozt = B (Bx loss>,
Approximate round trip times in milli-seconds:

Minimum = Bms, Maximum = Bmsz. Average = Bms

C:s>telnet 192.168.1.1

Figure 18 - Telnet to radio box

15.3 Following the enter key of “telnet 192.168.1.1” command, new window with log in
prompt will show up, enter “admin” as user name and with password of
“6harmonics” to log in. See Figure 19

Telnet 192.168.1.1

username: admin
password:
GUS Cmd > _

- 3

17

Fiaure 19 — telnet loain window




15.4 Now that you can log onto the radio, type “h” to display all the available
commands, see Figure 20.

From Figure 20, you’ll see there are some highlighted commands for networks IP,
mask and gateway setup and inquiry.

&

B Select Telnet 192.168.1.1 i e e |

settxpur xXx

ge ttxpur

setrxgain xx

getrxgain

n ¥t} power up B.5dBms

d s#*tx power dowun B.5 dBm*=s
cu S¥tx ppuer up 5 dBmes

cd ##*tx power dowun 5 dBms
setrxatten x xx

getzubchanlist
twoff
setuser xxx

setpud 0

txresume

setregion x
setchanlist »x xx ...

reztartnetuork

conf ighackup

conf igrestore

conf igfactoryrestore
config_ear
config_car
getguzmode

version

Figure 20 — help commands printout
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15.5 Now lets use the “setipaddress” command to assign new ip address of 192.168.1.23 to the

box. Then use getipaddress to verify if the ip is set properly. See Figure 21.

GHS

GHS Cmd > getipaddress
192.168.1.23
GHE Cmd > reboot_

EX Telnet 192.168.1.1 '

reboot
Cmd > setipaddress 192.168.1.23
Please type restartnetwork or reboot after vour changes.
After radio up, You must telnet to the radio using new IP address
within 18 Min so that change take effect, Otheruwiszse IP address

will go bhack to 192.168.1.1

Figure 21 — assign and verify IP address

15.6 To make the new IP take effect, you’ll need to reboot the box again. So type reboot
command to reboot the box (see Figure 21). After 1~2 minutes power up, go to DOS
prompt ping new IP to see if box is up, see Figure 22. Ping reply shows new IP are
assigned properly and can go to next step now.

P

8 Command Prompt - —

C:\Oping 192.168.1.23

Pinging 192_.168.1 .23 with 32 hytes of data:

Reply from 192.168.1.23: bhytes=32 timed{lms TTL=6(64
Reply from 192.168.1.23: hytes=32 time<{ims TTL=64
Reply from 192.168.1.23: bhytes=32 time<{ims TTL=64
Reply from 192.168.1.23: hytes=32 time<{ims TTL=64

Ping statistics for 192.168.1.23:

Packets: Sent = 4. Receijved = 4, Lost = @ (B» loss>.
Approximate round trip times in milli-seconds:

Minimum = Bms, Maximum = Bms. Average = Bms

Figure 22 — Ping new assigned IP

15.7 Repeat steps a~f to assign IP address 192.168.1.24 for the other radio box

@2015 6Harmonics Inc. All Right Reserved
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16 Configuring Radio BOX Operation Mode CAR/EAR

Now that all IP addresses are set, we can go to configure the operating mode of
boxes. There are two modes to choose: CAR or EAR. The CAR mode just
behaves like a BTS and EAR behaves like a CPE.

Note: For the current software release, the GWS4000 is only being provided as
an EAR (CPE). The GWS4000 must communicate with a GWS3000 module
which has been configured as a CAR (BTS). The GWS3000 module can be
configured as either an EAR or CAR using the procedure outlined below.

16.1 First ping to see if the box is alive, then telnet into the box as shown in Figure 23

% Command Prompt
- y W B E s
C=“>ping 192.168.1.23

Pinging 192.168_1.23 with 32 hytes of data:

3 192.168.1.23: hytes=32 timedims TTL=64
192.168.1.23: hytes=32 timed{ims TTL=64
192.168.1.23: bhytes=32 time<{ilmz TTL=64
192.168.1.23: hytes=32 timedims TTL=64

Ping statistics for 192.168.1.23:

Packets: Bent = 4, Received = 4, Lost = @ {B@x loss>.
Approximate round trip times in milli-seconds:

MHinimum = Bmz,. Maximum = Bms. Average = Bms

lC:\)telnet 192.168.1.23

Figure 23 — ping and telnet into box

16.2 Use “admin/6harmonics” to log on to box, then type “rfinfo” to see the current
operating mode, see Figure 24. From the output of “rfinfo”, we can see the box is
configured in “CAR” mode, which is the default mode from delivery.

p

- — = | (B | |
3 Telnet 192168123 PTEET I N W

username: admin

password:

GUWS Cmd > rfinfo

GUWE HostFirmware—Beta-UB.1.16 6H—CPE Oct 38 2815 14:21:%4-huild

Tx Power: 17.800088 dBm

192. .23
255.255. 255 a
192.168.
HWaddr HC EE 3B:=B2:88:4A I
GUS Cmd > _

Figure 24 — login and rfinfo printout
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16.3 We are going to configure this box to operate as “EAR” Mode by using
“config_ear” command. Type “config_ear” and enter, and then use “getgwsmode”
to confirm if new mode is set. See figure 25.

- =REn X

GUWE Cmd > wfinfo
GWS HostFirmware—Beta—-U@.1.16 6H-CPE Oct 30 2015 14:21:54-build

r: 17.0800008 dBm
- .1.23
255.255.255.8
192_168.1.1
HWaddyr AC-EE:3B:B2:08:4A
GWS Cmd > getgusmode
car
Cmd > config_ear
Cmd > getguwsmode

»
Cmd > _

Figure 25— configure OP mode as “EAR”

16.4 Repeat the same on box with IP 192.168.1.24, to configure it in “CAR” mode. See
Figure 26. Please notice that since the default is already in CAR mode, for
practice reason, we just do it one more time to configure the CAR.

- ] TR e A W W
@l Telnet 192.168.1.24 e . —— L] o e S|

username: admin
password:
GHS Cmd > getguwsmode

Cmd > config_car

Cmd > getgusmode

Figure 26 — configure Box in “CAR” mode
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17 Configuring the Database Agent to allow the unit to register
with the TVWS Database

In the US and Canada, the operation of TVWS devices is only permitted with an
approved TVWS database. Prior to registration, the IP parameters of the BTS and
or CPE must be configured to allow the radio to communicate through the router on
your network (see Section 14), and access the TVWS database.

17.1.1 Database Configuration

1. On Work Station 1, under Telnet, one can configure the Database parameters
for CPE by following commands.

2. Type “setlatitude xx.xxx” and “setlongitude xx.xxx” to set the latitude and
longitude of the CPE location (assuming BTS is none database access).
Example: “setlatitude 28", “setlongitude -81”. Check with “getlatitude”,
“getlongitude” commands.

3. Type “setantennaheight 30” to set antenna height to 30 meters. Check with
“getantennaheight” command.

4. The operator is able to use the following commands to set the operator
personal information:

“setowner XXX” —to set the owner

“setcontactname XXX” —to set the contact name

“setcontactaddress XXX” —to set the contact address

“setcontactcity XXX” —to set the contact city

“setcontactstate XXX” —to set the contact state

“setcontactzipcode XXX” —to set the contact zip code

“setcontactcountry XXX” —to set the contact country

“setcontactemail XXX” —to set the contact email

“setcontacttelphone XXX” —to set the contact telephone

Operator can type the paired “getXXX” commands to check the information

settings. Example “getcontactname” etc.

For convenience, the "showregistration” command can be used to display
all the registration information. A similar set of commands are supported on
the GWS3000 BTS.

Note: The latitude and longitude coordinates must be precise to within 200m.
Coordinates can be obtained from a GPS receiver or Google Maps.

5. Type “reboot” to reboot the CPE.
6. Login via Telnet again.

17.1.2 OPERATION with TVWS Database

1. CPE can start to run white space agent automatically in background after
reboot.
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2. Login again via Telnet. Type “monitor” in Telnet shell to monitor the RF
status of CPE.

3. The operator can start a new Telnet session window to issue commands on
GWS shell while monitor keeps running.

4. The operator should be able to observe the following status through monitor:

e CPE starts to scan the full channel list and try to connect to a BTS.

e If connected, CPE would query the database through radio link with
BTS.

e If query successfully, CPE will operate on the valid channel. The
monitor will display channel list expire time and the time left to re-query
database for CPE. If unsuccessful, CPE will restart to scan the channel
list after 50 sec.

5. The operator can use “setchan XX” to set CPE to a desired channel directly
during scanning if the BTS channel is known already.

6. If the operator wants to change the database parameters, such as location,
contact name and antenna height. After typing “setXXX” command,
‘restartwsagentear” needs to be issued to restart agent and apply the
changes.

7. “rfinfo” can be used to check the entire RF information.

8. “h” can be used to show more commands usage.

Note: The GWS3000 BTS must also be registered with the TVWS database. The
following commands will operate with the BTS as well. The key difference is that
when the unit is configured as a CAR (BTS) it will not scan for BTS beacons, but
rather the operator must configure the BTS to one of the channels which have been
provided by the TVWS database.

18 Configuring RF Channels and TX Power to establish radio link
18.1 Telnet and log into the radio box, use the following commands. ==.

18.2 Use “rfinfo” command to print out the current RF settings (region, channel, TX
power) and the other status

18.3 Use “setchan [channel no]” to set UHF channel to establish channel

After registration, if the operator attempts to set the unit to a channel number which
is not included as a valid channel list from the TVWS database, the SW will reject
the command and respond "Not a Valid Channel.".

Prior to registration, the CPE will initiate a blind scan of all channels as it searches
for a BTS beacon. If the operator knows the channel on which a nearby BTS is
transmitting, they can use the "setchan xx" command to set the CPE to that channel.
The CPE will perform a blind scan of this channel, and will only attempt to connect if
it detects a beacon. If the connection is successful, the CPE will remain on the
channel and attempt to register with the TVWS database for 1 minute.
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> If registration is successful and the channel is included in the valid
channel list provided by the TVWS database, the CPE will remain
connected to the BTS.

» If the channel is not included in the valid channel list provided by the
TVWS database, the CPE will drop the connection and initiate a blind
scan of all channels provided by the TVWS database to search for a
BTS on an approved channel.

18.4 Use “settxpwr [power_value]” to set the TX power level in dbm, here we are
putting two box very close 100m, so we put the TX power very low at 7dbm in
order to avoid saturation. For the GWS4006-23, the maximum power is 23 dBm
and the minimum power is 7 dBm.

Note: In some of the screen shots below, TX powers as low as 1 dBm are
shown. These examples are for the GWS-4006-17 which is designed to
operate at lower powers and has a minimum power setting of 1 dBm and a
maximum power of 17 dB. The GWS-4006-23 and GWS4012-23 have a
minimum power setting of 7 dBm and a maximum power setting of 23 dBm.

Maximum TX Power vs. Antenna Gain:

During the initial configuration the user must configure the antenna gain of the
system using the "setantennagain xx" command. The unit will not transmit until
the "setantennagain” command has been used by the professional installer to
enter a valid value. For detail on how the Software will adjust the Maximum
Permissible transmit power for different antenna gains, please see section 4.4.

18.4.1 TX Power Control is mandated by the FCC and Industry Canada

e The unit operating as the BTS should be set to the minimum power necessary
to reach the furthest CPE with an RSS of -75 dBm. In many cases the BTS
will be set to the maximum permitted power. Since the BTS operates in a
Point to Multipoint configuration, its power must be set to reach the furthest
CPE with an acceptable SNR.

e The individual CPE Transmit Power should be adjusted such that the RSSI at
the BTS is -75 dBm. If the RSSI is above -75 dBm, drop the TX power of the
CPE. If the RSSI is lower than -75 dBm, set the CPE to maximum power
permitted based on the model number and gain of the antenna being used.
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18.5 Use “rfinfo” to double check if RF settings are properly set, both CAR and EAR
should work on the same region number and channel number. For units sold in
the USA or Canada, the region will always read *"region 0" and cannot be
changed by the user.

Figure 27 shows how to configure and setup channels and TX power on CAR

.

Old channel Number
700008 dB
P 17_333333 dBm Old TX Power

»: 1.AAABBA dBEm

255.255.255.8
192.168.1.1

HWaddr AC:EE:3B:82:88:52
GWS Cmd > _

GUS Cmd > setchan 21
Setting fregquency to 515 MH= Set New Channel to 21

GUS Cmd > settxpur 1
GUS Cmd > vrfinfo
GUS HostFirmware-Beta—U3.1.18 6H-CPE Oct 29 2815 15:23:33-build

Set TX Power to 1dbm
. New Channel No
+: 1.ABABAB dBm

Max Tx Power: 17.0000B0 dBm

Min Tx Power: 1.080888 dBm

192.168.1.24 New TX Power
255._.255_255.8

192 _168_1.1

HWaddr» AC:EE:3B:@2:88:52

GWS Cmd > _

Figure 27 — Setting channel and TX Power on CAR
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19.1 Figure 28 shows the setup on EAR

et Telnet 192.168.1.23

username: admin

password:

GWS Cmd > »finfo

GWS HostFirmuware—Beta—-UBA.1.16 6H-CPE Oct 30 2815 14:21:54-build

T»x Power: 5.000HEA dBm
192.168.1.23
255.255.255.8
1922.168.1.1

AC:-:EE:3B:-082:@8:4A
GUS Cmd >

et Telnet 192.168.1.23

GWSE Cmd > setchan 21

Setting frequency to 515 MH=

GWE Cmd > settxpur 3

GWS Cmd > »finfo

GWS HostFirmware—Beta—UB.1.16 6H-CPE Oct 38 2015 14:21:54-huild

T»x Power: 3.00000H dBm
192.168.1.23
255.255.255.8
1922.168.1.1

Hiladdyr AC:EE:3B:82:88:4A
GUS Cmd > _

Figure 28 — Setting channel and TX Power on EAR
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20 Start monitor tool on telnet shell to monitor the radio link

Now that both CAR and EAR are working on the same region number 0 , UHF
channel 18 and proper TX Power to cover the distance, the radio link should be
established. You can start the monitor tools on both CAR and EAR’s telnet shell to
monitor the link status.

20.1 Figure 29 shows monitor window on CAR

From Figure 24 we can get the following information:
= RSSI: -58 dBm - Noise Floor: -99 dBm - SNR: 41
= RX Speed: 14.0 Mbps - RXMCS: 6
= TX Speed: 4.0 MBps - TXMCS: 2
= Region:0 - Channel:21 - TX Power: 1dbm
= Connection: connected to EAR who has MAC AC:EE:3B:02:08:3A

g Tenet 19216124 [P

HWaddr AC:EE:3B:@A2:A8:52

GWE Cmd > setchan 21

Setting frequency to 515 MH=

GWE Cmd > settxpuwr 1

GWS Cmd > vfinfo

GWS HoztFirmware-Beta-UA.1.18 6H—CPE Oct 29 2015 15:23:33-build

~: 1.0800B8 dBm
~: 17.808BAA dBm
~: 1.8800B8 dBm
192.168.1.24
255.255.255.8

192.168.1.1 . X
HWadd» AC:-EE:3B:B2:B8:52 Starting monitor
GUWS Cmd > monitor

Noise Floor

—

BN Telnet 192.168.1.24

RSSI |
Connected to AC:EE:3B:BZ:08:40 i ]
—58 dBm ~ —99 dBm (S5HR 41> 818 m=z ago RX Speed and MCS indicator
Ri: 14.8 MBitss. MCS 6 b

TH: 4.8 MBit-s, MCS 2 16 Pkts.

Databaze Access:ino Fgr
Mode is com With TX Speed and MCS indicator
HWaddr AC:EE:2B:B2:88:52

BA:29:43 up 29 min. load average: B.21. 8.20, B@.27

MemFree: 41436 kB

Radio Link Up Time...

Current Region/Channel/Power

«2 1.808088 dBm
Max Tx Power: 17.800088 dBm
Min Tx Power: 1.008008 dBm

Figure 29 — Starting Monitor and Link Status Print out on CAR
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20.2 Figure 30 shows monitor window on EAR
From Figure 25 we can get the following information:

RSSI: -51 dBm - Noise Floor: -98 dBm - SNR: 47

RX Speed: 4.0 Mbps - RX MCS: 2

TX Speed: 6.0 MBps - TX MCS: 3

Region: 0 - Channel: 21 - TX Power: 3dbm

Connection: connected to CAR who has MAC AC:EE:3B:02:08:52

e Telnet 192.168.1.23

GUE Cmd > setchan 21

Setting frequency to 515 HH=z

GUE Cmd > settxpur 3

GUE Cmd > rfinfo

GUE HostFirmware—-Beta-UB.1.16 6H-CPE Oct 38 2815 14:21:54-build

GUE Cmd > monitor_

s Telnet 192.168.1.23

Connected to AG:EE:3B:BA2:@A8:52

—51 dBm ~ —98 dBm (SHR 47> 4688 nz ago

Ra: 4.8 MBit~-s,. MCS 2 1556 Pkts.
TH: 6.8 MBit~ss, MCS 3 18 Pkts.

Database Access:ino

Mode is ear With

HWaddr AC:EE:3B:082:88:4A

B@A:18:3% up 18 min, load average: B.14, B_.27. B_29
MemFree : 41768 kB

Radio Ling Up Time...

— @:=1:1@

Tx Power: 3.000008 dBm

Figure 30 — Starting Monitor Tool and Link Status Print Out on EAR
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21 Link Performance Tuning

After the link has been established, you may need to tune the link balance to get
optimal performance:

21.1 If the TX power of the BTS is too strong, the signal may saturated the receiver of
the receiving node and link performance will be degraded. Figure 31shows a link
with too strong power. In this case, you’ll need to lower down the TX Power to get
RSSI below -60dbm and above -75 dbm.

21.2 Sometime link signal may be too weak, let’s RSSI is below -80dbm, then you may
need to increase the TX Power if possible so that RSSI is above -75dbm.

21.3 Other cases are one side RSSI is too high, the other side RSSI is too week, then
you need to tweak the TX power to balance the link RSSI to optimal performance.

e+ Telnet 192.168.1.23

Connected to AC:-EE:3B:BA2:88:57

—51 dBm ~ —188 dBm <SHR 49> 1808 ms ago

Rk: 3.8 HBitrss. HCS 1. short GI 818 Pkts.
Th: 2.8 MBitrss. MCS 4 51 Pkts.

Databasze Access:ino

Mode iz ear UWith

Hiladd» AC:EE:3B:B02:88:4A

AA:20:26 up 28 min, load average: B.42,. A.30, 8.28
MemFree = 41764 kB

Radio Link Up Time...

- B:=A:39

Ix Power: 17.880000 dBm

o Telnet 192.168.1.24

R Ea st atatatolsnalatatatotstaRaRataotaotetotaiatalotstatsatatstotstatatatatotatadadatstaotatatataialatototoiaiakatatad
Connected to AC-EE:3B:B2:088:40

—52 dBm ~ 187 dBm (SHR 55> H ms ago

Rk: 4.8 HBitrs=s. HCE 2 5 Pkts.
Th: 6.8 HBitrss. HCE 3 5 Pkts.

Databasze Access:ino

Mode iz car With

Hiladd» AC:EE:3B:-B2:88:57

AA:12:108 up 12 min, load average: B.83,. A.52, B.45
MemFree: 41568 kB

Radio Ling Up Time...

Ix Power: 17.880000 dBm

Figure 31 — CAR and EAR Link Status Output with TX Power too Strong




21.4 Figure 32 shows an example of lowering down TX power to tune link balance and

performance. You gradually lower down the TX Power and wait a minute to see
the RSSI and MCS feedback. The RSSI should go down and MCS should go up.
You stop when the RSSI fallen between -60 dbm ~ -75dbm with a MCS at 6~7.

oo Telnet 192.168.1.23

username : admin

password:

GWE Cmd > »finfo

GWS HostFirmware—Beta—-UB.1.16 6H-CPE Oct 38 26015 14:21:54-build

Hiladdyr AC:EE:3B:B2:68:4n
GHE Cmd > settxpur 13
GWS Cmd settxpuwr 11
GHE Cmd settxpur 7
GWS Cmd settxpur 7
GHE Cmd settxpur 5
GWS Cmd settxpur 3
GHE Cmd settxpuwr 1
GUE Cmd

o Telpet 192.168.1.24

username: admin
password:

Pleaze type h or —help for supporting commands
GUE Cmd > wfinfo
GWS HostFirmware—Beta—-UB.1.16 6H-CPE Sep 1 26015 14:21:17-build

Hiladd» AC:EE:3B:B2:08:57
GHE Cmd > settxpur 13
GWS Cmd settxpur

GHE Cmd settxpur

GWS Cmd settxpur

GHE Cmd settxpur

GWS Cmd settxpur

GUE Cmd settxpur 1

Figure 32 — Link Performance Tuning by lowering down TX Power on both Sides
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21.5 Figure 33 shows after fine tuning, both CAR and EAR have very good link

performance with MCS at 7.

v Telnet 192.168.1.24

Connected to AG:ZEE:=3B:8Z2:-B8:4A

—78 dBm .~ —186 dBm <SHR 36> 18 ms ago
16.8 MBitrss,. MCS 7 1457 Pkt=s.
18.8 MBit-=s. MCS 7. short GI 1489 Pkts.

Datahase Accessino

Mode iz car With

HWadd» AC:=EE:=3B:-B82:088:5%

BA:55:38 up 55 min. load average: BA.15,. BA.16, B.17
MemFree = 41512 kB

Radio Ling Up Time...

Tx Power: 1.00080H dBm

ev Telnet 192.168.1.23

Connected to AC:EE:=3B:@A2:H@8:57

—71 dBm ~» -185 dBm <SHR 34> 148 ms ago

Re:= 18.68 MBit.s. MCS 7. short GI 20987 Pkts.
TH:=: 16.8 MBitr-=,. MCS 7 1485 Pkts.

Databaze Accessino
Mode is ear With
HWaddyr AC-EE:-3B:-0Z:88:4A
B1:84:=27 up 1:84, load average: B.@5, B85, B_@7
MemFree : 415%6 kB
Radio Link Up Time...
a

T»x Power: 1.00000H dBm

Figure 33 — Monitor Output with Good Link Balance And Performance
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22 Troubleshooting

Table 1 shows some troubleshooting tips to help resolve some issues often seen during setup

Table 1 - Troubleshooting

Symptoms Possible Cause Actions Details
Ping POE cables or power | Check to see if both AC LED not on — AC power cord
192.168.1.1 cord are not properly | POE LEDs are on. not plugged
timeout connected
POUT LED not on — POE Ethernet
cable not connected to BOX RJ-45
connector.
Check to see if PC PC Ethernet cable not properly
Link LED is on and connected
blinking
PC IP Address noton | On DOS prompt, use | Go back to network properties to
the same subnet of ipconfig command to | reconfigure static IP
192.168.1.xx check if PC IP is
properly configured
Cannot ping New IP may not take | Reset the box Power down/up to reboot the box
box with new | effect Try to ping with old IP | Try to ping and log in with old IP,
IP after re- then reconfigure IP
configure
box’s IP
Cannot Does TX/RX on Does monitor show If status shows radio not ready, try
establish radio READY? to turn tx on by typing “txon” on
radio link telnet shell.
Does both CAR and Use monitor to check | Checking region number, channel
EAR working on the the RF settings number to see if they are same
same RF settings
Signal too Strong Lower TX Power Lowering TX Power by log into
telnet shell, and adjust power by
using “settxpwr’ command
Signal too weak Increase TX Power Increasing TX Power by log into
telnet shell, and adjust power by
using “settxpwr’ command
Interference — the Change to different Change to different channel in
current channel has channel telnet shell
strong interference or
not clean
Link Link not balanced, Adjusting TX power Increasing or lowering TX power to
Performance signal too weak or adjust RSSI and MCS to a good
not good strong range of -60dbm ~ -75dbm
BTS or CPE The registration info Double check
is showing is incomplete, or the registration info.
"No Valid BTS or CPE cannot Ensure the nodes can
Channel List" | reach the database reach the database.
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