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1 Introduction
1.1 Antennas Information
Antenna Antenna Image
(EUT) Type Antenna Port
*1 Trace 1
*2 Trace 2
3 Trace 3
4 Trace 0
5 Trace 1
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6 Trace 3

Note: “*” - Antennas 1 and 2 are identical. Therefore, pre-scans were performed to determine the worst-
case antenna. Based on the pre-scan results, Antenna 2 is the worst case.

1.2 Frequencies Tested
Low 902.75 MHz
Middle 914.75 MHz
High 927.25 MHz
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2

2.1

Antenna Pattern Details

Conducted antenna pattern measurements across all three channels (Low, Mid, and High) in each
of the three orientations (X, Y, and Z) for both horizontal and vertical polarities. The antenna gain
results shown in section 2.6 were based on the worst-case orientation for all channels.

Test Method

The evaluation was performed using the Gain Transfer method.
The evaluation was performed in a 3-m Semi-Anechoic chamber lined with RF absorbers above
the ground plane.

The antenna under test (AUT) was placed at a height of 1.5 m above the ground plane on the
turntable at 3 m separation distance from the receive antenna. The AUT was connected to a signal
generator set to transmit at the low, middle and high channels of the operating frequency band.
The signal generator output was set to a level providing sufficient dynamic range for the
measurements, i.e. 5dBm.

The AUT was evaluated in 3 orthogonal orientations. The AUT was rotated through 360° to
determine the worst azimuth and then receive antenna height was varied from 1m to 4m for both
H&V Polarizations, so that maximum level would be detected. Radiation pattern with a peak
detector was made using a resolution bandwidth RBW of 3 kHz and a video bandwidth VBW of 10
kHz and the maximum measured level was noted down for both H&V polarizations.

The AUT was replaced with a reference antenna. With the RF output level of the signal generator
Unchanged, the receive antenna height was varied from 1m to 4m to determine the highest
amplitude level. The maximum values were collected for both H&V Polarizations.

The AUT gain was calculated using the gain of the Reference Antenna and the relative gain
between the AUT and the reference antenna.

Sample Calculation:
Grel (dB) = Eref (dBUV) — Eaut (dBuV)
Gaut (dBi) = Gref (dBi) — Grel (dB)

Where Grel- Relative Gain
Erer - Field Strength of reference antenna
Eaut - Field Strength of Antenna Under Test
Gaut - Gain of Antenna Under Test
Gret - Reference Antenna Gain
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Example Calculation: Horizontal Polarization of Antenna 2 — Z Orientation

Grel = 81.89 — 40.21 = 41.68 dB
Gaur (dBi) = 6.5 dBi — 41.68 dB
= -35.18 dBi

Note: The value 6.5 dBi in the above calculation is the known antenna gain of the substitution
antenna.
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2.2 Antenna Pattern Details — Antenna 2

Antenna Pattern Antenna Pattern
]
Date: 842772024 0 Dae: /2772020 et
Carfiguration: ELT Portrait Configuration: EUT Portrait P —
Frequency: S02.75 MH: Frequency: 902.75 MHz 20 .
Bevaton: 118 cr . -

Polsrizztion; ¥
Mok Level; 38,83 5Bul
Aaimuth; 100 degrees
Min Lewet; 15,53 dBuy’ ,
Agimuth; 145 degroes 300/

Arimuth: 44 degrees 300, /.

LCH-902.75MHz — H Polarity — Z worst Orientation LCH —-902.75 MHz - V polarity — Y worst Orientation

Antenna Pattern Antenna Pattern
o Date: 8/27/2024. — o —

Configuration: EUT Portrait T T

Frequency: 914.75 MHz

Date: 5/27/2024
Configuration: EUT Portrait
Frequency: $14.75 MHz

Bevation: 142 cm
Palarization; ¥
Mk Lewel: 3398 2Buy

Elaation: 154 ¢m
Palarization; K

Miax Level: 35,92 680V
Acimuth: €4 degrees
Nin Lovel; 25,81 dBu
Aeimuth: 253 drgrecs

MCH-914.75MHz — H Polarity — X worst Orientation MCH - 914.75 MHz - V polarity — Y worst Orientation

Antenna Pattern Antenna Pattern

o Date: 8/27/2024 - o -
— Configuration: EUT Portrait

Frequency: 927.25 MHz

Eevation: 137 cm

Polarization: ¥

Max Level: 11,62 dBub

rimutn: 100 Segrees

Min Level; 21,06 dBuV

MAzimuth: 311 degrees 300/

Date: 8/27/2024
Configuration; ELT Portrait
Frequency: 927.25 Wz

HCH-927.25MHz — H Polarity — X worst Orientation HCH - 927.25 MHz - V polarity — Y worst Orientation
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2.3 Antenna Pattern Details — Antenna 3

Antenna Pattern Antennz'l‘ Pattern
0 Date: 5275202 et

Date: 8/27/2024 - Configuration: ELT Portrait

on: EUT P
Flovation: 136 om o Hevaton: 1022
: Polarigetion: ¥

polarization: K Max Level: 40,16 6BuY
Azimuth: 278 searees
Win Level; 12,84 dBuid
Agimuth: Dceerecs

Max Level: 42.73 dBuv
Aaimuth: 119 degrees
Min Level: 6.62 GBUY
Asimuth: 187 dogrees 200,

120

210

150

180

LCH-902.75MHz — H Polarity — Y worst Orientation LCH - 902.75 MHz - V polarity — Y worst Orientation

Antenna Pattern Antenna Pattern
]
Gate: 8/27/2024 0 Date: 812772024 s
Configuration: EUT Portrait Configuration: EUT Portrait. 330 - . a0
Frequency: 914.75 MHz Frequency: 914.75 MH; s ~
Elevation: 14Lcm - - s

Elavation: 145.cm

Polarization: ¥
Wiax Level: 4066 8BuY
Adimuth: 273 degrees
Win Level 19,35 dBuY
Agimuth: 205 dogrecs

i
Min Levels 16,81 dBuV
gimuth: 356 Hgrees

270]

- P

MCH-914.75MHz — H Polarity — Y worst Orientation MCH - 914.75 MHz - V polarity — Y worst Orientation

Antenna Pattern Antennza Pattern
Date:8/27/202 LI Date: 62742024 L
Configuratien: EUT Portrait o R Configuratior: EUT Portrait L~ ~—
Frequency: 927.25 MHz Frequency: 827.25 MHz
Elsvation: 114 cm levatian: 160
Polariation: ¥

Max Level: 33.03BuV
Adimuth; 267 segrees
Min Level; 6,51 dBul
Arimulth; 135 éegrecs

Asimuth: 332 degrees
Min Lewel; 17,27 dBuV
zimuth: 268 degrees

HCH-927.25MHz — H Polarity — Y worst Orientation HCH — 927.25 MHz - V polarity — Y worst Orientation
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2.4 Antenna Pattern Details — Antenna 4

Antenna Pattern Antenna Pattern
Date: 842742024 wt Date: /272024 L
Configurations EUT Portsit o - Configorations EUT Portrait o -
Frequency: 02,75 MHz Fraquency: 502,75 NH
Hevation: 154cm Hevation: 134 cm
Folsizstion:
M Leval: 7356 cButt
Saimuth: 776 Grgrees
Min Lovs: 33,02 60V
it 358 degrees

Polarization: K
Max Level: 73,45 6Bl
Aimuth: 240 degrees

Win Leve: 56,99 SBul

imuth; 106 degrecs

|

LCH-902.75MHz — H Polarity — Z worst Orientation LCH —=902.75 MHz - V polarity — Y worst Orientation

Antenna Pattern Antenna Pattern
Date: 82772024 wm Date: 812242020 } "
Configuraton: EUT Portraic - — Configorations EUT Portrait
Frequency: 314,75 MH
Flevation: 131cm
Polaizsion:

Mx el 73.79 8o
Aeimuth: 235 degrees
Min Lowet 65.280B0
Bt 293 degrees. 300,/

Frequency: 914,75 MHz
Blevation: 133 cm
Polarization: ¥

Max Lewel: 7,93 6Bl
Adimuth: 271 drgrees
Win Lewed: 49,51 dBul
Saimudh: 380 ésgrecs 300,

MCH-914.75MHz — H Polarity — Z worst Orientation MCH = 914.75 MHz - V polarity — Y worst Orientation

Antenna Pattern Antenna Pattern
Date: 8/27/2024 e Date: 8/27/2024 Cwm
Configuration: EUT Portrait — ~ Configuration: ELT Portrait — —~
Frequency: 927.25 MHz Frequency: 927,25 MH:
Elevat

Adimuth; 148 degrees
[ 617 dBuv
Adirmuth: 788 degrees 300/

HCH-927.25MHz — H Polarity — Z worst Orientation HCH = 927.25 MHz - V polarity — Y worst Orientation
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25 Antenna Pattern Details — Antenna 5

Antenna Pattern
et

Blevation: 133 cm
Palarization: K

Wax Lewel: 3214 6Bl
Aaimuth: 45 degrees.
Win Lot 15,5 dBuv
Adimudh: 175 ésgrecs

LCH-902.75MHz — H Polarity — Y worst Orientation

An!enna} Pattern

Date: 8/26/2021 —Y
Canfiguration: EUT Portrait —
Frequency: 90,75 hHz
Elevation; 160.cm
Polarizztion: ¥

Max Level: 37.68 cBu!
Aaimuth: 246 segrees
Wi Lewel; 22,71 9BV
Adirmuth: 135 Ssgrees 300,

0 — sy
——Tolarty

T -

LCH —=902.75 MHz - V polarity — Y worst Orientation

Antenna Pattern
Date: 8/26/2024 L ° —
(Configuration: ELT Portrait —
Frequency: 91475 MHz
Elevation: 143 cm
Polarization:
Wiax Level: 37.54 6BV
Azimuth; 1 eegrees
Wi Levet 129 6BV

An!enna} Pattern

Date: 8/27/2021 —
Canfiguration: EUT Portrait
Frequency: 910,75 MHz
Elevation: 160<m
Polarizztion: ¥

Miax Level: 3168 cBu
Aaimuth: 172 degrees
Wi Lewel: 22,70 5BV
Adimuth: 226 degrees

MCH-914.75MHz — H Polarity — X worst Orientation

Antenna Pattern
Date: 82612024 L
Configuration: EUT Fortrait o
25 Mz

Elevation:
Falarization; K
Wik Lewal: 32,04 2B

m

HCH-927.25MHz — H Polarity — Y worst Orientation

TUV SUD America
5945 Cabot Parkway, Suite 100
Alpharetta, GA 30005

MCH = 914.75 MHz - V polarity — Z worst Orientation

Anten na Pattern

Date: 5/26/2024
Configuration; ELT Portrait
Frequency: 927.25 MH
Elevation; 121 cm
Polarization: V
Wiz Level: 35,18 5BUV
Azimuth; 248 degreos
Win Liwels 23,07 dBuk
Asimuth: 333 degrecs

0

-

HCH = 927.25 MHz - V polarity — Y worst Orientation
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26 Antenna Pattern Details — Antenna 6

Antenna Pattern
o

Antenna Pattern
o Date: 8/26/2024

Configuration: EUT Portrait
Frequency: 902.75 MHz
Elevation: 181 em
Polarization: V

Max Level: 36.78 dBuV
Azimuth: 356 degrees
Min Lavel: 12.35 dBuY

Date: 8/26/2024
Canfiguration: EUT Portrai
Fraquency: 802 75 MHz
Elevation: 258 cm
Folatization: K

Nz Lovel: 37,36 684V
Adimuth; 193 degrees

_—

Min Love: 1,77 6B ’
Raimth: S6eegrens 300 Atimuth: 228 degrees 300 w
m —— 20 L e
| i3y ~Polasity H

e 120

LCH-902.75MHz - H Polarity — X worst Orientation LCH - 902.75 MHz - V polarity — Z worst Orientation

Antenna Pattern Antenna Pattern
Dace: 812672024 0 Dae: 8/26/2024 L
Configuration: EUT Portrai: —
Frequency: 914,75 MHe
Elevariom: 154 cm
Palarizstion: K
Wax Level: 3822 6Bl
Agimuth: 1 dearees
Wi Leves: 18,27 dBuy
Azimuth; 150 degres

—

Configuration: EUT Portrait
Frequency: 910.75 WHz
Elevation: 123 cm

300/

- -

MCH-914.75MHz — H Polarity — X worst Orientation MCH - 914.75 MHz - V polarity — Z worst Orientation

Antenna Pattern Antenna Pattern
Date: 8/26/2024 et Date: 8/26/202 e
Configuration: EUT Fortrait - T Configuration: EUT Fortrait T -
Frequency: 927 25 M Fraquency: 927 25 MHs

Elevation: 137 cm
Polarization H
Miax Level: 33.49 6B
Azimuth: 77 degrees.
Min Lot 26,38 4BV
Azimulh; 248 dcgrecs

Elevation: 215 em

Polarization: ¥

Wax Lewel: 37.71 cBub

Aaimuth: 359 degrees

Win Leve: 19,57 dBuV
muth: 104 cegroes 300,

HCH-927.25MHz — H Polarity — X worst Orientation HCH —= 927.25 MHz - V polarity — Z worst Orientation
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2.7 Antenna Gain Results
Measured . Substitution Antenna Gain of )
Frequency Worst EUT Measured Substitution Delta . Antenna gain
Antenna(EUT) i i Value(H) Value (V) Substitution antenna i
(MHz) orientation Value(V) dBuV | Value(H) dBuVv (dBuv) i of EUT (dBi)
dBuV dBuV (dBi)

902.75 2 40.21 81.89 41.68 6.5 -35.18
902.75 Y 38.88 81.42 42.54 6.5 -36.04

2 914.75 # 39.92 81.9 41.98 6.6 -35.38
914.75 Y 39.98 81.41 41.43 6.6 -34.83
927.25 # 41.49 81.82 40.33 6.8 -33.53
927.25 Y 41.62 81.44 39.82 6.8 -33.02
902.75 2 42,79 81.89 39.10 6.5 -32.60
902.75 Y 40.16 81.42 41.26 6.5 -34.76

3 914.75 Y 44.14 81.9 37.76 6.6 -31.16
914.75 Y 40.66 81.41 40.75 6.6 -34.15
927.25 Y 42.09 81.82 39.73 6.8 -32.93
927.25 Y 39.03 81.44 42.41 6.8 -35.61
902.75 2 73.45 81.89 8.44 6.5 -1.94
902.75 Y 73.56 81.42 7.86 6.5 -1.36

a 914.75 2 73.79 81.9 8.11 6.6 -1.51
914.75 Y 73.93 81.41 748 6.6 -0.88
927.25 2 75.43 81.82 6.39 6.8 0.41
927.25 Y 74.24 81.44 7.20 6.8 -0.40
902.75 ks 38.14 81.89 43.75 6.5 -37.25
902.75 ks 37.68 81.42 43.74 6.5 -37.24

5 914.75 * 37.54 81.9 44.36 6.6 -37.76
914.75 2 31.68 81.41 49.73 6.6 -43.13
927.25 ks 38.04 81.82 43.78 6.8 -36.98
927.25 Y 35.18 81.44 46.26 6.8 -39.46
902.75 * 37.36 81.89 44.53 6.5 -38.03
902.75 2 36.78 81.42 44.64 6.5 -38.14

6 914.75 * 38.22 81.9 43.68 6.0 -37.08
914.75 2 37.62 81.41 43.79 6.0 -37.19
927.25 b 38.49 81.82 43.33 6.8 -36.53
927.25 2 37.71 81.44 43.73 6.8 -36.93
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3 Final Antenna Gain Table
Antenna Final Antenna Gain (dBi)
2 -33.02
3 -31.16
4 0.41
5 -36.98
6 -36.53
TOV SUD America Phone: 678-341-5900
5945 Cabot Parkway, Suite 100 www.tuv-sud-america.com
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4

Test Equipment Used

Table 4-1 —Equipment List

. . Last . .
Equipment Serial . . Calibration
Asset ID Manufacturer Model Type Number Cal::l));?:on Due Date
853 Teseq CBL6112D BiLog Antenna 51616 7/26/2023 7/26/2025
889 Com Power PAM 103 Pre-amplifier 18020215 10/02/2023 10/02/2024
ESW44 EMI
Rohde &
882 Schwarz ESW44 TEST 101961 6/18/2024 6/18/2025
RECEIVER
22 Teledyne Storm | g, 195 456 BSAC Cable N/A 07/15/2024 07/15/2025
Microwave
20 Teledyne Storm | ¢ g4 195 036 BSAC Cable N/A 07/15/2024 07/15/2025
Microwave
Teledyne Storm
21 Microwave R-90-195-072 BSAC Cable N/A 07/15/2024 07/15/2025
277 EMCO 93146 LPA 9904-5199 03/07/2024 03/07/2026
Rohde & Signal
AEMCO00609 Schwarz SMB100A Genarator 175334 6/20/2024 6/20/2025
827 Rohde & RF Cableset | 198997 Rack NIA 01/02/2024 01/02/2025
Schwarz cable set
N/A — Not Applicable
TOV SUD America Phone: 678-341-5900

TUV SUD
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5

Test Setup Photos

v,

™ Y

R A

Figure 5.2-Reference test setup of an antenna — Y- Orientation
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ugm-----lul L
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Figure 5.3-Reference test sétup of an antenna — Z- Orientation
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