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High Precision Devices 
Condition: Open Sky with Various Antennae 

Test Performance under the Ligado GPS Proposal 

Device Test Antenna 

Trimble AgGP~ :542 '· Open Sky 
,, 

Zephyr .... 
Filtered 

Trimble SPS855 Open Sky GA30 
Filtered 

1526-1536 
MHz 

Downlink 

·>1 -34dem· 
·, No Impact 

-38 dBmt 
No Impact 

1627.5-
1637.5 MHz 

Uplink 

-~s dam• 
No Impact 

No Impact 
No Impact 

1646.5-
1656.5 MHz 

Uplink 

No Impact . 
No Impact 

No Impact 
No Impact 

1670-1680 
MHz 

Downlink 

No Impact 
No Impact 

No Impact 
No Impact 

"No Impact" means that, with LTE received powers corresponding to the transmit power levels under the Ligado GPS proposal, there was 
no impact on the device performance compared to those KPI measurements with GPS alone. 

• The Trimble AgGPS 542 with the Zephyr antenna was compatible with the 1526-1536 MHz band with up to -34 dBm of LTE power, and 
with the 1627.5-1637.5 MHz band with up to -38 dBm of LTE power. When retested with a filtered antenna, the Trimble AgGPS 542 was 
compatible with the proposed LTE emissions. 

tThe Trimble SPS855 with the GA30 antenna was compatible with the 1526-1536 MHz band with up to -38 dBm of LTE power. When 
retested with a filtered antenna, the Trimble SPS855 was compatible with the proposed LTE emissions. 
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• • 
High Precision Devices 
Condition: Open Sky 

Test Performance under the Ligado GPS Proposal 

Device Test 

Topcon SGR-1 · Open Sky .-. 
Topcon System 310 Open Sky 

Trimble Geo 7X " Open Sky 
.. 

Trimble SPS985 Open Sky 

Topcon Hi Per V ,. Open ·Sky r ._. . \' ' . .. 

NovAtel SMART6 Open Sky 

Antenna 

Internal 

Stock 

Internal 

Internal 

Internal 

Internal 

1526-1536 
MHz 

Downlink 

-24de~· 

-34 dBmt 

Nolmpact · 

No Impact 

-32 dBm* 

-55 dBm§ 

1627.5-
1637.5 MHz 

Uplink 

No Impact 

No Impact 

· ! , ,"No Impact 

No Impact 

No Impact 

-34 dBm§ 

1646.5-
1656.5 MHz 

Uplink 

No Impact 

No Impact 

No Impact 

No Impact 

No Impact 

No Impact 

• 

1670-1680 
MHz 

Downlink 

No Impact 

No Impact 

No Impact 

No Impact 

' · No Impact 

No Impact 

"No Impact" means that, with LTE received powers corresponding to the transmit power levels under the ligado GPS proposal, there was 
no impact on the device performance compared to those KPI measurements with GPS alone. 

•rhe Topcon SGR-1 was compatible with the 1526-1536 MHz band with up to -24 dBm of LTE power. 

tThe Topcon System 310 was compatible with the 1526-1536 MHz band with up to -34 dBm of LTE power. 

*The Topcon HiPer V was compatib le with the 1526-1536 MHz band with up to -32 dBm of LTE power. 

§The NovAtel SMART6 was compatible with the 1526-1536 MHz band with up to -55 dBm of LTE power, and with the 1627.5-1637.5 MHz 
band with up to -34 dBm of LTE power. 
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• • • 
• ~ · Trimble AgGPS 542 (Zephyr Antenna) 
" Condition: Open Sky 

1526-1536 MHz Downlink 1627.5-1637.5 MHz Uplink 1646.5-1656.5 MHz Uplink 1670-1680 MHz Downlink 

E 5 
0 
m 4 ... 

-34d8m• 

GPS Only (No LTE Signal) 

0 

~ 3 c --+--1--------L 

i : ¥ I I I ---+-------+-! 1 I I 
0 20 40 60 80 100 120 

Time (minutes, in 3-minute bins) 

· The Trimble AgGPS 542 with the Zephyr 
antenna was compatible with the 1526-1536 
MHz band with up to -34 dBm of LTE power, 
and with the 1627.5-1637.5 MHz band with 
up to -38 dBm of LTE power. When retested 
with a f iltered antenna, the Trimble AgGPS 
542 was compatible with the proposed LTE 
emissions. 

Roberson and Associates, LLC 
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• • • Trimble AgGPS 542 (Zephyr Antenna) 
Open Sky I GPS Only (No LTE Signal) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 30 (m) 
(3-minute averaging window) 

Device: Trimble AgGPS 542 
Antenna: Zephyr 

GPS Condition: 
Open Sky 

LTE Condition: 
GPS On ly (No LTE Signal) 

• Mean Position Error 30 (m) 

• Mean C/No (dB-Hz) 

• No. of Satellites Received 

Roberson and Associates, LLC 

Position Error and C/N0 Without Any LTE Signal 
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• • • Trimble AgGPS 542 (Zephyr Antenna) 
Open Sky I 1526-1536 MHz LTE (Downlink) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 30 (m) 
(3-minute averaging window) 

Device: Trimble AgGPS 542 
Antenna: Zephyr 

GPS Condition: 
Open Sky 

LTE Condition: 
1526-1536 MHz LTE (Downlink) 

•Mean Position Error 30 (m) 

•Mean C/No (dB-Hz) 

.A No. of Satellites Received 
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Position Error and C/N0 at Various LTE Power Levels 
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• • • 
Trimble AgGPS 542 (Zephyr Antenna) 
Open Sky I 1627.5-1637.5 MHz LTE (Uplink) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 30 (m) 
(3-minute averaging window) 

Device: Trimble AgGPS 542 
Antenna: Zephyr 

GPS Condition: 
Open Sky 

LTE Condition: 
1627.5-1637.5 MHz LTE (Uplink) 

•Mean Position Error 30 (m) 

•Mean C/No (dB-Hz} 

A No. of Satellites Received 
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• • • 
Trimble AgGPS 542 (Zephyr Antenna) 
Open Sky I 1646.5-1656.5 MHz LTE (Uplink) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 3D (m) 
(3-minute averaging window) 

Device: Trimble AgGPS 542 
Antenna: Zephyr 

GPS Condition: 
Open Sky 

LTE Condition: 
1646.5-1656.5 MHz LTE (Uplink) 

•Mean Position Error 30 (m) 

•Mean C/No (dB-Hz} 

A No. of Satellites Received 
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m 

Position Error and C/N0 at Various LTE Power Levels 
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• • • Trimble AgGPS 542 (Zephyr Antenna) 
Open Sky I 1670-1680 MHz LTE (Downlink) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 30 (m) 
(3-minute averaging window) 

Device: Trimble AgGPS 542 
Antenna: Zephyr 

GPS Condition: 
Open Sky 

LTE Condition: 
1670-1680 MHz LTE (Downlink) 

• Mean Position Error 30 (m) 

• Mean C/No (dB-Hz) 

A No. of Satellites Received 

Roberson and Associates, LLC 

Position Error and C/N0 at Various LTE Power Levels 
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• • • 
~ . Trimble AgGPS 542 (Filtered Antenna) 
t Condition: Open Sky 

1526-1536 MHz Downlink 1627.5-1637.5 MHz Uplink 1646.5-1656.5 MHz Uplink 1670-1680 MHz Downlink 

No Impact 

GPS Only (No LTE Signal) 
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• • • Trimble AgGPS 542 (Filtered Antenna) 
Open Sky I GPS Only (No LTE Signal) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 30 (m) 
(3-minute averaging window) 

Device: Trimble AgGPS 542 
Antenna: Filtered 

GPS Condition: 
Open Sky 

LTE Condition: 
GPS Only (No LTE Signal) 

•Mean Position Error 30 (m) 

•Mean C/No (dB-Hz) 

A No. of Satellites Received 

Roberson and Associates, LLC 

Position Error and C/N0 Without Any LTE Signal 
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• • • 
Trimble AgGPS 542 {Filtered Antenna) 
Open Sky I 1526-1536 MHz LTE (Downlink) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 3D (m) 
(3-minute averaging window) 

Device: Trimble AgGPS 542 
Antenna: Filtered 

GPS Condition: 
Open Sky 

LTE Condition: 
1526-1536 MHz LTE (Downlink) 

- ...... ------- -- - . 

•Mean Position Error 30 (m) 

•Mean C/No {dB-Hz) 
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• • • 
Trimble AgGPS 542 (Filtered Antenna) 
Open Sky I 1627.5-1637.5 MHz LTE (Uplink) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 30 (m) 
(3-minute averaging window) 

Device: Trimble AgGPS 542 
Antenna: Filtered 

GPS Condition: 
Open Sky 

LTE Condition: 
1627.5-1637.5 MHz LTE (Uplink) 

•Mean Position Error 30 (m) 

•Mean C/No (dB-Hz) 

A No. of Satellites Received 
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• • • Trimble AgGPS 542 (Filtered Antenna) 
Open Sky I 1646.5-1656.5 MHz LTE {Uplink) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 3D (m) 
(3-minute averaging w indow) 

Device: Trimble AgGPS 542 
Antenna: Filtered 

GPS Condition: 
Open Sky 

LTE Condition: 
1646.5-1656.5 MHz LTE (Uplink) 
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• • • 
Trimble AgGPS 542 (Filtered Antenna) 
Open Sky I 1670-1680 MHz LTE (Downlink) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 30 (m) 
(3-minute averaging window) 

Device: Trimble AgGPS 542 
Antenna: Filtered 

GPS Condition: 
Open Sky 

LTE Condition: 
1670-1680 MHz LTE (Downlink) 

•Mean Position Error 30 (m) 

•Mean C/No (dB-Hz) 
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Position Error and C/N0 at Various LTE Power Levels 
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• • • 
Trimble SPS855 (GA30 Antenna) 
Condition: Open Sky 

1526-1536 MHz Downlink 1627.5-1637.5 MHz Uplink 1646.5-1656.5 MHz Uplink 1670-1680 MHz Downlink 

-38dBm• 

GPS Only (No LTE Signal) 
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• The Trimble SPS855 with the GA30 
antenna was compatible with the 1526-
1536 MHz band with up to -38 dBm of LTE 
power. When retested with a filtered 
antenna, the Trimble SPS855 was 
compatible with the proposed LTE 
emissions. 
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• • • Trimble SPSSSS (GA30 Antenna) 
Open Sky I GPS Only (No LTE Signal) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 30 (m) 
(3-minute averaging window) 

Device: Trimble SPS855 
Antenna : GA30 

GPS Condition: 
Open Sky 

LTE Condition: 
GPS Only (No LTE Signal) 

• Mean Position Error 30 (m) 

• Mean C/No (dB-Hz) 

A No. of Satellites Received 

Roberson and Associat es, LLC 

Position Error and C/N0 Without Any LTE Signal 

5 - . so 

4 ~ 

E 
- l-
0 3 ---·- -

-----~ -+-----
o 
m ~ N ~ I ~ i---- 30 m 
0 ~ 
·- -- --~ --- -------·- 0 

0 2 ~ ~ u 
c e e • Posit ioh Error 20 c ~ -----'--•• ··-~ ~ ~ - ~ 

••••• 1 +------+-- -----lf------+------+---- - -1--- --- -+ 10 

0 

~ 
Cl> 

·ID 20 
u 
& 15 

"' -~ 10 
Qj s ..... 

n:J 
VI 

0 -0 

ci z 

1--------+--· ------+---------+------··-1----------• 
0 20 

0 20 

40 60 80 

Satellites Received Without Any LTE Signal 

40 60 80 

Time (minutes, in 3-minute bins) 

100 

100 

0 

120 

120 

Appendix D: High Precision Devices in Open Sky Condit ions I 20 



• • • 
Trimble SPS855 (GA30 Antenna) 
Open Sky I 1526-1536 MHz LTE (Downlink) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 30 (m) 
(3-minute averaging window) 

Device: Trimble SPS855 
Antenna: GA30 

GPS Condition: 
Open Sky 

LTE Condition: 
1526-1536 MHz LTE (Downlink) 
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•Mean Position Error 30 (m) 

•Mean C/No (dB-Hz) 

A No. of Satellites Received 
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Position Error and C/N0 at Various LTE Power Levels 
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•• • • Trimble SPS855 (GA30 Antenna) 
Open Sky I 1627.5-1637.5 MHz LTE (Uplink) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 30 (m) 
(3-minute averaging window) 

Device: Trimble SPS855 
Antenna : GA30 

GPS Condition: 
Open Sky 

LTE Condition : 
1627.5-1637.S MHz LTE (Uplink) 

• Mean Position Error 30 (m) 

•Mean C/No (dB-Hz) 

•No. of Satellites Received 
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Position Error and C/N0 at Various LTE Power Levels 
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• • • 
Trimble SPS855 (GA30 Antenna) 
Open Sky I 1646.5-1656.5 MHz LTE (Uplink) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 30 (m) 
(3-minute averaging window) 

Device: Trimble SPS855 
Antenna: GA30 

GPS Condition: 
Open ~ky 

LTE Condition: 
1646.5-1656.5 MHz LTE (Uplink) 
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• Mean Position Error 30 (m) 
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• • • Trimble SPSSSS (GA30 Antenna) 
Open Sky I 1670-1680 MHz LTE (Downlink) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 30 (m) 
(3-minute averaging window) 

Device: Trimble SPS855 
Antenna: GA30 

GPS Condition: 
Open Sky 

LTE Condition: 
1670-1680 MHz LTE (Downlink) 

•Mean Position Error 30 (m) 

•Mean C/No (dB-Hz) 

A No. of Satellites Received 
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• • • 
Trimble SPS855 (Filtered Antenna) 
Condition: Open Sky 

1526-1536 MHz Downlink 1627.5-1637.5 MHz Uplink 1646.5-1656.5 MHz Uplink 1670-1680 MHz Downlink 

' No Impact 

GPS Only (No LTE Signal) 
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• • • Trimble SPSSSS (Filtered Antenna) 
Open Sky I GPS Only {No LTE Signal) 

Device Category: HP 
Key Performance Indicator: 
Mean Position Error 30 (m) 
(3-minute averaging window) 

Device: Trimble SPS855 
Antenna: Filtered 

GPS Condition: 
Open Sky 

LTE Condition: 
GPS Only (No LTE Signal) 

•Mean Position Error 30 (m) 

•Mean C/No (dB-Hz) 

•No. of Satellites Received 
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Position Error and C/N0 Without Any LTE Signal 
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