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1 Revision Record
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2 Summary

TEST REPORT NUMBER:

WORKS ORDER NUMBER

PURPOSE OF TEST:

TEST SPECIFICATION:

EQUIPMENT UNDER TEST (EUT):

FCC IDENTIFIER:
INDUSTRY CANADA:

EUT SERIAL NUMBER:

MANUFACTURER/AGENT:

ADDRESS:

CLIENT CONTACT:

ORDER NUMBER:

TEST DATE:

TESTED BY:

Report Number: TRA-028456-47-00CC

TRA-028456-47-00C

TRA-028456-00

USA: Testing of radio frequency equipment per the
relevant authorization procedure of chapter 47 of
CFR (code of federal regulations) Part 2, subpart J.
Canada: Testing of radio apparatus for TAC
(technical acceptance certificate) per subsections
4(2) of the Radiocommunication Act and 21(1) of the

Radiocommunication Regulations

47CFR90 & RSS-131

51-105001

NEO51-105SERIES
8749A-51105SERIES

26849 G

Axell Wireless Limited
Aerial House
Asheridge Road
Chesham

Bucks

HP5 2QD

United Kingdom

Brian Barton

& 01494 777 014

>4 Brian.Barton@axellwireless.com
Not Applicable

9th November 2015 - 12th November 2015

S Hodgkinson, D Winstanley
Element
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2.1 Test Summary

Requirement Clause Applicable
Test Method and Description to this Result / Note
RSS-131 47CFR90 equipment
RF power output
(mean output power) 6.2 90.219(e)(1) X
Modulation characteristics
Noise figure - 90.219(e)(2) X
. 90.219(e)(4)(ii);
Retransmitted masks 6.3.2 90.219(e)(4)i) X
Occupied bandwidth
Passband gain and
bandwidth 6.1 - 2
Spurious emissions at antenna
terminals 6.4 90.219(e)(3) X
Intermodulation products 6.3.1 - X
Field strength of spurious
radiation - 90.219(e)(3) X
Frequency stability 6.5 90.213 ] Note 1

Note 1 :Not Applicable the EUT is not a frequency translator.

Notes:

The results contained in this report relate only to the items tested, in the condition at time of test, and were
obtained in the period between the date of initial receipt of samples and the date of issue of the report.

The apparatus was set-up and exercised using the configurations, modes of operation and arrangements
defined in this report only. Any modifications made are identified in Section 8 of this report.

Particular operating modes, apparatus monitoring methods and performance criteria required by the
standards tested to have been performed except where identified in Section 5.2 of this test report
(Deviations from Test Standards).

The spectrum Analyser, time and date stamp, might not show the correct information.
The correct date of the testing is declared on the front page of the document, and on any
subsequent page that references the time and date of the testing.
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4 Introduction

This report TRA-028456-47-00C presents the results of the Radio testing on a Axell Wireless Limited, 51-
105001 to specification 47CFR90.219 Use of signal boosters and RSS-131 Zone Enhancers for the Land
Mobile Service.

The testing was carried out for Axell Wireless Limited by Element, at the address(es) detailed below.

O Element Hull X Element Skelmersdale
Unit E Unit 1
South Orbital Trading Park Pendle Place
Hedon Road Skemersdale
Hull West Lancashire
HU9 1NJ WNS8 9PN
UK UK

This report details the configuration of the equipment, the test methods used and any relevant
modifications where appropriate.

FCC Site Listing:
The test laboratory is accredited for the above sites under the US-EU MRA, Designation
number UK0009.

IC Registration Number(s):
Element Skelmersdale 3930B-4
Element Hull 3483A

The test site requirements of ANSI C63.4-2014 are met up to 1GHz.

The test site SVSWR requirements of CISPR 16-1-4:2010 are met over the frequency range 1
GHz to 18 GHz.
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5 Test Specifications

5.1 Normative References

e FCC 47 CFR Ch. | — Part 90 — Private Land Mobile Radio Services

e FCC KDB Publication 935210 D05 v01 June 5, 2015 — Measurements guidance for industrial and
non-consumer signal booster, repeater and amplifier devices.

e TIA-603-D-2010 — Land Mobile FM or PM - Communications Equipment - Measurement and
Performance Standards

e ANSI C63.4-2014 — American National Standard for Methods of Measurement of Radio-Noise
Emissions from Low-Voltage Electrical and Electronic Equipment in the Range of 9 kHz to 40 GHz.

¢ Industry Canada RSS-131, Issue 2, July 2003 — Zone Enhancers for the Land Mobile Service

5.2 Deviations from Test Standards

There were no deviations from the test standard.
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6 Glossary of Terms

§

AC

AM
AWGN
BW

C

CWwW
Class A

Class B

dB
dBm
CDMA
DC
EIRP
emf
erp
EUT
f
FCC
GSM
Hz

IF
ITU
KDB
LO
m
max
min
N/A
No.
PCB
PDF
PLMR
RE
RF
RH
RMS
Rx

S

Tx
UKAS
\Y

W

Q

Denotes a section reference from the standard, not this document
Alternating Current

Amplitude Modulated

Additive White Gaussian Noise

Bandwidth

Celcius

Continuous Wave

Class A signal booster is designed to retransmit signals on one or more specific channels
where none of its passbands exceed 75kHz.

Class B signal booster is designed to retransmit any signals within a wide frequency band
greater than 75kHz.

Decibels

dB relative to 1 milliwatt

Code Division Multiple Access — a modulation technique used in cellular networks
Direct Current

Equivalent Isotropically Radiated Power

electromotive force

Effective Radiated Power

Equipment Under Test

Frequency

Federal Communications Commission

Group Special Mobile — a cellular network standard

Hertz

Intermediate Frequency

International Telecommunication Union

Knowledge Data Base (of the FCC Office of Engineering and Technology).
Local Oscillator

metre

Maximum

Minimum

Not Applicable

Number

Printed Circuit Board

Portable Document Format

Private Land Mobile Radio

Radio Equipment

Radio Frequency

Relative Humidity

Root Mean Square

Receiver

Second

Transmitter

United Kingdom Accreditation Service

Volt

Watt

Ohm
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7 Equipment Under Test

7.1 EUT Identification

Name: 51-105001

Serial Number: 26849 G

Model Number: D-CSR-3604 410/430 110VAC
Software Revision: SW00352 Rev 1

Build Level / Revision Number: Rev 4

7.2 System Equipment

Equipment listed below forms part of the overall test setup and is required for equipment functionality and/or
monitoring during testing. The compliance levels achieved in this report relate only to the EUT and not
items given in the following list.

OMU : Optical Master Unit

7.3 EUT Mode of Operation

7.3.1 Transmissions uplink / downlink

The mode of operation for Tx tests was a continuous test signal as required, see below
16KOF3E

11K3F3E

cw

7.4 EUT Radio Frequency Parameters

7.4.1 General

Frequency of operation: 410 MHz — 430MHz

Downlink: 86.81 dB
Uplink : 86.75 dB

Supported channel bandwidth(s) & class: Class A > 75 kHz

Downlink: 39.46 dBm
Uplink : 39.21 dBm

Frequency stability: Not Applicable

Passband gain:

Rated mean output power (Prated):

Nominal Supply Voltage: 110Vac

Method of prevention of use on non-US / non- Not Applicable

Canadian frequencies:
1S software settable to operate on upto 8 channels over a 5 MHz portion of the 20 MHZ operating range.
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7.5 EUT Description

The EUT is a PLMRS booster operating over the freqency range 410 MHz - 430 MHz
For the purposes of testing the device was setup to operating the following bands.
Lower 5MHz Band 410.0 MHz — 415.0MHz

Middle 5MHz Band 427.5 MHz — 422.5 MHz

Upper 5MHz Band 425.0 MHz — 430.0 MHz

EUT is software settable to operate on up to 8 channels over a 5 MHz portion of the 20 MHz operating
range. During testing the number of channels required by a specific test was active
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8 Modifications

No modifications were performed during this assessment.
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9 EUT Test Setup

9.1 Block Diagram

Report Number: TRA-028456-47-00CC

The following diagram shows basic EUT interconnections with cable type and cable lengths identified:

Analyser/Sig
Gen

Coaxial Cable <3m
(Attenuator as required)

EUT

Mains Power

Supply
110V, 60 Hz

Analyser/Sig
Gen

Mains Cable <2m
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9.2 General Set-up Photograph

The following photograph shows basic EUT set-up:
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10 General Technical Parameters
10.1 Normal Conditions

The E U T was tested under the normal environmental conditions of the test laboratory, except where
otherwise stated. The normal power source applied was 110 V ac from the mains.

10.2 Varying Test Conditions

Variation of temperature is required to ensure stability of the declared fundamental frequency.
During frequency error testing the following variations were made:

Category Variation
-20to +50 C in 10
] Standard degree steps
] Extended
X Not Applicable

Variation of supply voltage is required to ensure stability of the declared output power and
frequency. During carrier power and frequency error testing the following variations were

made:
Category Nominal Variation
X Mains 110V ac +/-2% 85% and 115%
] Battery New battery N/A
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11 RF power output (mean output power)

11.1 Definition

The average power supplied to the antenna transmission line by a transmitter during an interval of
time sufficiently long compared with the lowest frequency encountered in the modulation taken under

normal operating conditions.

11.2 Test Parameters

Test Location:
Test Chamber:

Test Standard and Clause:

EUT Operating Frequencies Tested:

Source Modulations:
Source Level:

Deviations From Standard:
Bandwidth:

Span:

Measurement Detector

Element Skelmersdale
Radio Lab

IC RSS-131, clause 4.3
KDB 935210 D05 v01, clause 4.5
412.5 MHz 420MHz, 427 .5MHz

Cw

-46.2 dBm (maximum input rating)
None

RBW 100 kHz; VBW 3xRBW

1 MHz

Peak; Max-Hold.

Environmental Conditions (Normal Environment)

Temperature: 22°C
Humidity: 38%RH
Supply: 110 V ac

11.3 Test Limits

11.3.1 RSS-131

The manufacturer's output power rating P

enhancers.

4 MUST NOT be greater than P

+15 °C to +35 °C (as declared)
20%RH to 75%RH (as declared)
110Vac +/-10% (as declared)

mean TOr all types of

Additional Power Back-off Condition for Multiple Carrier Operations:

An example of a single carrier operation is a band translator that incorporates an (IF) filter of a
passband equal to one channel bandwidth. Another example of a single carrier operation is the use of
an enhancer, before the connection to the antenna, to boost a low power transmitter (single carrier) to

a higher power.

An example of a multiple carrier operation is the use of an enhancer to amplify off-air signals that
contain the wanted carrier and two (or more) adjacent band carriers. If the enhancer passband is wide
enough to pass more than the wanted channel bandwidth, the enhancer output stage will be loaded by

the multiple carriers.

Examination: with 3 carrier signals (of assumed equal level), the peak voltage will be 3 times the
single carrier voltage. The corresponding Peak Envelope Power (PEP) will be 3’ times greater than a
single carrier or 9/4 = 2.25 times greater than 2 tones PEP. Therefore the permissible wanted signal

operating point has to be backed off by 3.5 dB (i.e. P

P,.ieq - 3.5 dB).

permissible ~

Note 1: All enhancers will be classified in the Radio Equipment List (REL) for a single carrier

operation.

Note 2: For a multiple carrier operation, the rating must be reduced by 3.5 dB or more.
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Note 3: If there are more than 3 carriers present at the amplifier input point, greater power back-off
may be required. This can be examined on a case-by-case basis.

11.3.2 47CFR90

The output power capability of a signal booster must be designed for deployments providing a radiated
power not exceeding 5 Watts ERP for each retransmitted channel.

11.4 Test Method

Single Channel:

With the EUT setup as per section 9 of this report and connected as per Figure i, the power of the
EUT was calculated by taking into account any cable and attenuator calibration factors. It was
confirmed that at the maximum input level there was no compression.

Gain was calculated by removing the EUT from the setup and measuring the signal generator to EUT
level.

Figure i Test Setup

EUT RF Spectrum
Analyser
> Attenuator > y

Signal
Generator

Multi-Channel (RSS-131):

With the EUT setup as per section 9 of this report and connected as per Figure ii, two similar
sinusoidal signal inputs were used, such that the 3" order intermodulation products were also within
the passband of the EUT. The input level(s) were increased until the products met the required level.
The output power of the EUT was calculated by the measurement of Py;, an additional 3dB
representing the second equal input and taking into account any cable and attenuator calibration
factors.

The gain was calculated by removing the EUT from the setup and measuring the signal generator to
EUT level.
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Figure ii Test Setup

Report Number: TRA-028456-47-00CC

Signal
Generator
- RF RF Attenuator _ EUT | Directional o Load
Combiner = = Coupler =
Signal
Generator
Y
RF Attenuator
4
Spectrum
Analyser
11.5 Test Equipment
Equipment Equipment Element Last Cal Calibration Due For
Description Manufacturer Type No Calibration Period Calibration
Spectrum Analyser R&S FSU46 U281 24/04/2015 12 24/04/2016
Signal Generator R&S SMBV100A REF916 17/02/2015 12 17/02/2016
Signal Generator Agilent ESG-D3000A RFG441 08/10/2014 24 08/10/2016
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11.6 Test Results
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Downlink Single Channel @ AGC Threshold

Channel Gesring(]e?:'clor Input Level at C(:);btlF:eué Conducted
Centre dulati Cable | Spectrum Gain Output |
Frequency Modulation InputI Loss Analyser Attenuator (dB) Power Result
(MH2) ('a‘a’g) @B) | (dBm) 'Zgéf (dBm)
412.500 CWwW -46.20 0.30 -1.25 40.3 85.55 39.05 PASS
420.000 CWwW -47.10 0.30 -0.89 40.3 86.81 39.41 PASS
427.500 CWwW -46.80 0.30 -1.00 40.3 86.40 39.30 PASS
Downlink Single Channel @ 3dB above AGC Threshold
Channel Gesrilgerrftltlor Input Level at ((:);btlp;u; Conducted
Centre dulati | Cable | Spectrum A Gain Output Resul
Frequency Modulation anUtI Loss Analyser ttﬁnuator (dB) Power esult
(MHz) ( d%"rﬁ) (dB) (dBm) (é’;? (dBm)
412.500 Cw -43.20 0.30 -2.46 40.30 74.34 37.84 PASS
420.000 Cw -44.10 0.30 -0.87 40.30 76.83 39.43 PASS
427.500 Cw -43.80 0.30 -1.10 40.30 76.30 39.20 PASS
Uplink Single Channel @ AGC Threshold
Channel Gesrllgerrftltlor Input Level at ((:);btlp;u; Conducted
Centre Modulati | Cable | Spectrum A Gain Output Resul
Frequency SL LM anUtI Loss Analyser ttEnuator (dB) Power RS
(MHz) ( d%"rﬁ) (dB) (dBm) (é’;? (dBm)
412.500 CWwW -46.80 0.30 -1.10 40.3 86.30 39.20 PASS
420.000 Cw -47.10 0.30 -0.95 40.3 86.75 39.35 PASS
427.500 Cw -46.90 0.20 -4.00 40.3 83.40 36.30 PASS
Uplink Single Channel @ 3dB above AGC Threshold
Channel Gesring(]e?:'clor Input Level at C(:);btlF:eué Conducted
Centre Modulati | Cable | Spectrum A Gain Output Resul
Frequency odulation nputl Loss Analyser ttenuator (dB) Power esult
(MH2) ('a‘a’g) @B) | (dBm) 'Zgéf (dBm)
412.500 CWwW -43.80 0.30 -1.87 40.30 75.53 38.43 PASS
420.000 CwW -44.10 0.30 -0.93 40.30 76.77 39.37 PASS
427.500 CWwW -43.90 0.30 -1.10 40.30 76.30 39.20 PASS

Above Tables for FCC only.
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RSS 131
Downlink Lowest 5 MHZ operating band Multi-channel @ AGC Threshold
Level at
. Frequency Spectrum Network Loss Output Power
Sl (MH2) Analyser (dB) (dBm) ReEsl
(dBm)
Po1 413.25 -5.17 40.3 35.13 Pass
Po2 411.75 -5.68 40.3 34.62 Pass
Po3 410.25 -61.55 40.3 -21.25 Pass
Pos 414.75 -62.79 40.3 -22.49 Pass
Pmean = Po]_ + 3dB 38.13 PASS

*RBNV 100 kHz Marker 4 [T1 ]

VBN 300 kHz —22_.49 dBr
Ref 40 dBm Attt 10 dB “SNT 200 ms 414 747596154 MHz
a Offset |40|3 B b i Markér 1L [T1]]
\ 35.13 dBr
L 413 115233 vz | IEY
Marker 2 [T1(]
EW=2 \ \ 34.62 dBr
MAXH PP P S
—2C o 8 i Oz Z
Marker B [T1(] b
-21.25 dBr
—1C \ { \ A0 - PS2A0R3A6 VFZ
i \ , \
e
D1 -13 ¢Bm | ' |
_ X | n 4 e
- \ } \ "
-3
J \ WW N‘"“W,n.w a \ Al Al
.
—-85C =
F1 |
el |
Center 412.5 VHz 750 kHz/ Soan 7.5 VHz

Date:

14_JAN.2004 09:39:24
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RSS 131
Downlink Middle 5 MHz operating band Multi-channel @ AGC Threshold
Level at
. Frequency Spectrum Network Loss Output Power
Sl (MH2) Analyser (dB) (dBm) sl
(dBm)
Po1 419.25 -3.84 40.3 36.46 Pass
Po2 420.75 -3.91 40.3 36.39 Pass
Pos 417.75 -71.3 40.3 -31.00 Pass
Pos 422.25 -71.56 40.3 -31.26 Pass
Pmean = Po]_ + 3dB 39.46 PASS
® “RBNV 100 KHz Marker 4 [T1 ]
VBW 300 kHz -31.26 dBr
Ref 40 dBm “Att 10 dB SNT 5 ms 422 _245192308 MHz
a0 Offset  [4O|3 B 3 L Markér 1L [T1]]
\ \ 36.39 dBr
| 420 ] 11532 Mz | I
Marker 2 [T1(]
1 px / \ / \ 36.46 B
MAXH - 449 P54861692H=
Markér B [T1|] e
-31.00 dBr
—1C { \ , \ 2N WAR(SYPZa N IS S o 74
| / ‘ / \
ile
D1 -13 ¢Bm l ‘ ' ‘
] ] ar
-2
& ) \ } \ i
-0
ez
50
F1
| F2
& |
Center 420 MHz 750 kHz/ Span 7.5 MHz

Date: 16.JAN.2004 09:43:31
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RSS 131
Downlink Highest 5 MHz operating band Multi-channel @ AGC Threshold
Level at
. Frequency Spectrum Network Loss Output Power
Sl (MH2) Analyser (dB) (dBm) sl
(dBm)
Po1 426.75 -4.11 40.3 36.19 Pass
Po2 420.25 -4.11 40.3 36.19 Pass
Pos 429.75 -65.38 40.3 -25.08 Pass
Pos 425.25 -65.23 40.3 -24.93 Pass
Pmean = Po]_ + 3dB 39.19 PASS
% “RBN 100 kHz Marker 1 [T1 ]
VBNV 300 kHz 36.19 dBr
Ref 39 dBm “Att 5 dB * SNT 150 ms 426742788462 MHz
offset |40|7 B ¥ Markér P [T1]]
\ 36.19 dBr
—3C AXSTPST2HS inze LB
Marker B [T1(]
s Il Il o, .,
e = 2200 _TATS%I54 MRz
Markér 4 [T1|] b
B —24.93 dBr
1« I \ { \ 235 _D524A0B8A6 Mz
| \ } \
ele
D1 —-13 ¢Bm | l |
_ | ] e
P
. L WW/ \V
\wd»« el // \‘\W\‘W"‘M \\MW AN A 2|
I~ —4C
50
F2
F1
| -eC. |
Center 427.5 MHz 750 kHz/ Span 7.5 MHz

Date: 10.NOV.2015 12:58:21
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RSS 131
Uplink Lowest 5 MHZ operating band Multi-channel @ AGC Threshold
Level at
. Frequency Spectrum Network Loss Output Power
Sl (MH2) Analyser (dB) (dBm) sl
(dBm)
Po1 411.75 -6.14 40.3 34.16 Pass
Po2 413.25 -6.15 40.3 34.15 Pass
Po3 414.75 -62.56 40.3 -22.26 Pass
Pos 410.25 -61.19 40.3 -20.89 Pass
Pmean = Po]_ + 3dB 37.16 PASS

Marker 4 [T1 ]

VBN 300 kHz -22.26 dBr
Ref 40 dBm Attt 10 dB SANT 5ms 414771634615 MHz
4c Offset K03 dB il D Marker L [T1(]
4 \ 34.16 dBr
- 211 _rsasovecr vz | I
Marker 2 [T1(]
=2 / \ / \ 34.15 dBr
N Lo A3 P572HH535 M
Markér B [T1|] b
—20.89 dBr
K / \ I x 70 PA0HAGIS V2|
i / \ , \
-—1C
D1 -13 ¢Bm I | l
: ] | e
B l \ I \
-0
ottt | bttt | Sttt | tpard oo | Urnsbitygrtad
e
- 50
F2
i |
-6Cc
Carter 412.5 VHz 750 kHz/ Span 7.5 VHz

Date: 14.JAN.2004 14:43:32
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RSS 131
Uplink Middle 5 MHz operating band Multi-channel @ AGC Threshold
Level at
. Frequency Spectrum Network Loss Output Power
Sl (MH2) Analyser (dB) (dBm) sl
(dBm)
Po1 420.75 -4.09 40.3 36.21 Pass
Po2 419.25 -4.10 40.3 36.20 Pass
Pos 417.75 -69.74 40.3 -29.44 Pass
Po4 422.25 -73.59 40.3 -33.29 Pass
Pmean = Po]_ + 3dB 39.21 PASS
% “RBN 100 kHz Marker 1 [T1 ]
VBNV 300 kHz 36.20 dBr
Ref 40 dBm “Att 10 dB SNT 5 ms 419.254807692 MHz
ac OFffet 0|3 dB 2 Varkgr P [T1[]
\ \ 36.21 dBr
| 420 57211532 vz | I
Marker B [T1(]
E=2 / \ / \ —29_44 dBr
NRE A7 F52A0PBA6MHz
Marker #1 [T1|] o
-38.29 dBr
—aC ( \ / \ A7 _PASTIOY30S VHZ
| I \ } \
ele
D1 -13 ¢Bm ] | ’
]| | ar
20
30 i
AT TTOR SV I L P BNV TOYL L R P ARY,  F A
I~ -4C
- —8C
F2
F1 |
—C I
Center 420 MHz 750 kHz/ Span 7.5 MHz

Date: 16.JAN.2004 09:48:44
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RSS 131
Uplink Highest 5 MHz operating band Multi-channel @ AGC Threshold
Level at
. Frequency Spectrum Network Loss Output Power
Sl (MH2) Analyser (dB) (dBm) ReEsl
(dBm)
Po1 428.25 -4.09 40.3 36.21 Pass
Po2 426.75 -4.20 40.3 36.10 Pass
Pos 425.25 -75.7 40.3 -35.40 Pass
Pos 429.75 -77.27 40.3 -36.97 Pass
@ “RBN 100 KHz Marker 1 [T1 ]
VBN 1 MHz 36.10 dBr
Ref 39 dBm *Att 10 dB * SNT 500 ms 426754807692 NHz
offfet 0|7 aB r r Markér P [T1[]
36.21 dBr
—3C Ao POo721] 1\ 74 m
Marker B [T1]1
EVig —-35.40 dBr
R = 225 _PA0B3I615 VHz
Markér 4 [T1[] b
i —-36.97 dBr
1 { \ I ‘ 429 V47596154 Mz
| \ { \
ile
D1 -13 ¢iBm l '
| | =
B \ '
-0
| Bl ‘
=40
(NS U7 L ey R By N Y 1Y J
- 50
F2
F1
| e |
Center 427.5 VHz 750 kHz/ Span 7.5 MHz

Date: 11.NOV.2015 14:50:27
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12 Noise figure

12.1 Definition

A measure of the noise generated within (or degradation in signal/noise ratio as a signal passes
through) the device expressed as the ratio of signal/noise power ratio at the input to signal/noise ratio
at the output.

12.2 Test Parameters

Test Location: Element Skelmersdale
Test Chamber: Radio Lab
Test Standard and Clause: Y-Factor Method

(Keysight Technologies Application Note 57-2)
KDB 935210 D05 v01, clause 4.6
Deviations From Standard: None

Bandwidth: RBW 300 kHz

Environmental Conditions (Normal Environment)

Temperature: 22°C +15 °C to +35 °C (as declared)
Humidity: 44%RH 20%RH to 75%RH (as declared)
Supply: 110 V ac 110Vac +/-10% (as declared)

12.3 Test Limits — Noise Figure
The noise figure of a signal booster must not exceed 9 dB in either direction.

12.4 Test Method

The equipment was setup as shown in Figure iii. A spectrum analyser with a noise figure
measurement capability was used. The spectrum analyser provided the on/off control of the noise
source as well as measuring the result at its RF input. Prior to measuring the EUT, a calibration of the
measurement network was performed with the EUT removed.

Figure iii Test Setup

Spectrum RF Attenuator
Analyser g

Noise EUT
Source —
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12.5 Test Equipment
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Equipment Equipment Element Last Cal Calibration Due For
Description Manufacturer Type No Calibration Period Calibration
Spectrum Analyser R&S FSU46 U281 24/04/2015 12 24/04/2016
Signal Generator R&S SMBV100A REF916 17/02/2015 12 17/02/2016
Signal Generator Agilent ESG-D3000A RFG441 08/10/2014 24 08/10/2016
Noise Source .
serial # MY53231895 Agilent 346A N/A 07/10/15 12 07/10/16
Spectrum / Noise
Analyser Agilent PXA N/A 07/10/15 12 07/10/16
serial #MY49432183
12.6 Test Results
Uplink Noise Figure
Channel Centre Frequency Noise Figure
(MH2) (dB) Result
410.0125 6.8813 PASS
429.9875 7.0312 PASS
i Keysight Moise Figure - Moise Figure Ii“i“é‘
i RF 500  AC | SENSE:INT| | MyALIGN PARTIAL  [0B:10:06 PMFeb 18, 2016 "
DUT: Amplifier co aﬂ
] CALSTATE (w1
™ Atten: 0dB enmsrare B
Noise Figure All
5.0 dBidiv Ref 0.0 dB |
All but RF
|
RF

6.0 dB/div Ref 0.0 dB

Start Freq 409.96250 MHz Stop Freq410.06250 MHz

BW 4.0 MHz T cold 296.50 K (Default) Noise Source: Norm Points 101
MKR MODE TRC X Y
gl N [1] 000000000 4100120000MHz| 0000000000000 6.8813dB|
2 I ]
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i Keysight Moise Figure - Moise Figure Ii“i“él
] | SENSE:INT] [ A\ALIGN PARTIAL  [06:32:17 PMFeb 18,2016 ”
) CALSTATE [w\l
Atten: 0 dB enr STATE [SITY
All

Mkr1 429.9875 MHz
7.0312 JBYN—

All but RF
||

RF

5.0 dBldiv Ref 0.0 dB
45.0

Start Freq 429.93750 MHz Stop Freq 430.03750 MHz

BW 4.0 MHz T cold 296.50 K (Default) Noise Source: Norm Points 101

MKR MODE TRC

il N [ 1]
2 .

& 0000000000000 0]
ey | |

IMSG i)Alignment Completed STATUS

X Y
429.9875000 MHz 7.0312dB
0]
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Downlink Noise Figure

Channel Centre Frequency

Noise Figure

(MHz) (dB) Result
410.0125 4.6359 PASS
429.9875 5.4121 PASS

i Keysight Moise Figure - Moise Figure

| SENSE:INT] [ M\ALIGN PARTIAL  [06:14:07 PMFeb 18,2016
DUT: Amplifier lu=ag FREQ-RF
CALSTATE [wAR

)]
Atten: 0 dB eNRSTATE [20158

Mkr1 410.012 MHz
4.6359 dB

5.0 dBIdiv Ref 0.0 dB Data
(Export) »
Meas Results

Screenb
Image

Start Freq 409.96250 MHz Stop Freq410.06250 MHz

BW 4.0 MHz T cold 296.50 K (Default) Noise Source: Norm Points 101

“ MKR MODE TRC

X Y
i N [ 1] 410.0120000 MHz 4.6359 dB
y

s [ 00—
ryF [ [ |
|M5G iJFile <UL_410.0125.png> saved STATUS
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i Keysight Moise Figure - Moise Figure Ii“i“él
] | SENSE:INT] [ A\ALIGN PARTIAL  [06:35:01 PMFeb 18,2016 ”
) CALSTATE [w\l
Atten: 0 dB enr STATE [SITY
All

429.9875 MHz
24121 dEY |

All but RF
||

RF

5.0 dBldiv Ref 0.0 dB
45.0

Start Freq 429.93750 MHz Stop Freq 430.03750 MHz

BW 4.0 MHz T cold 296.50 K (Default) Noise Source: Norm Points 101

MKR MODE TRC

X Y
i N [ 1] 429.9875000 MHz 5.4121dB
2 |
] ]
ey [ |
IMSG i)File <DL_429.9875.png> saved STATUS
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12.7 Test Limits — Noise at Antenna Terminals

Compliance with these levels will be deemed satisfaction of the good engineering
practice requirement. In a 10 kHz measurement bandwidth:

(1) the ERP of noise within the signal booster passband should not exceed —43dBm;
and

(2) the ERP of noise on spectrum more than 1 MHz outside of the signal booster passband
should not exceed —70 dBm.
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® “RBN 10 KHz varker 1 [T1 ]
VBN 100 kHz ~60.49 dar
Ref —24 cBm ALt 5 dB SNT 500 ms 419246794872 MHz
Offfet 0.4 B I
I~ —3C |
| 5]
Ml gl oy
e D1 -43 ¢iBm
[AV N
- -5C

€l

Center 419.4871795 MHz 5 WHz/ Span 50 MHz

Date: 9.NOV.2015 14:36:21

DOWNLINK - IN BAND AMPLIFIER NOISE

® “RBNV 10 KHz varker 1 [T1 ]
VBN 100 kHz —63.79 dBr
Ref -24 dBm “Att 5 dB SNT 500 ms 409.000000000 MHz
Offfet 0.4 B Varker 2 [T1]1
- -3C

431000000000 MHz| I
Markegr 3 [T1(]

D1 43 ¢Bm T ~ e
M
Marker 4 [T1(]
- 5C —
" —&C L1 VPSP W RETWTSWIT EY 77 Wy ¥ R T
--.7\\5L

Center 419.4871795 MHz 5 WHz/ Span 50 MHz

Date: 9.NOV.2015 14:38:29

DOWNLINK - NOISE 1MHz FROM PASSBAND
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® “RBN 10 KHz varker 1 [T1 ]
VBN 100 kHz -61.35 dar
Ref —24 cBm “Att 10 B * SNT 500 ms 419.660256410 MHz
Offfet 0.4 dB I
- —3C
|
D1 43 ¢Bm
[AV N
I~ -5C
i i
& o Al.gJ«mA. A A_'ml
B ; \
[~ —8C 7 3B
. // N
}
PsAETH
110
=3
B 1 |
=120 ‘
Center 419.5 MHz 5 Mz/ Span 50 MHz
Date: 11.NOV.2015 14:33:52
UPLINK - IN BAND AMPLIFIER NOISE
® “RBN 10 KHz varker 1 [T1 ]
VBN 100 kHz -64.25 dar
Ref —24 cBm “AtE 10 B * SNT 500 ms 409.000000000 MHz
Offfet 0.4 B Marker 2 [T1

=525 TET|
D1 43 ¢Bm )7 080 MHz
Varker 4 [T1|] b
- -5C 55

& I A UWIURRYT! IV STPRNTTY NSOV FTEVRRPYN |
3 b\\;l
=7/C | —:U/Ar:rll \
- -8C B

2 ) Lacas
- 110
I
- 120 = ‘
Center 419.5 MHz 5 WHz/ Span 50 MHz

Date: 11.NOV.2015 14:36:29

UPLINK - NOISE 1MHz FROM PASSBAND
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13 Retransmitted masks

13.1 Definition

Report Number: TRA-028456-47-00CC

The emission mask is the required attenuation relative to the channel power up to 250% of the
channel bandwidth. For frequencies greater than 250% of the authorized bandwidth, refer to spurious

emission measurement.

13.2 Test Parameters

Test Location:
Test Chamber:

Test Standard and Clause:

EUT Operating Frequencies Tested:

Source Modulations:
Source Levels:

Deviations From Standard:
Bandwidth, RBW:

Span:

Measurement Detector

Element Skelmersdale
Radio Lab

IC RSS-131, clause 4.3.2
KDB 935210 D05 v01, clause 4.4
412.5 MHz 420MHz, 427 .5MHz

16KOF3E, 11K3F3E, 4KOOF1E

-46.2, -46.8 dBm (AGC threshold and 3dB above)
None

Various, see plots. VBW =3xRBW

80 kHz (2-5 times OBW)

Peak; Max-Hold.

Environmental Conditions (Normal Environment)
Temperature: 22°C
Humidity: 43%RH
Supply: 110 V ac

+15 °C to +35 °C (as declared)
20%RH to 75%RH (as declared)
110Vac +/-10% (as declared)

13.3 Test Limits

13.3.1 FCC 47CFR90

(i) There is no change in the occupied bandwidth of the retransmitted signals.

(ii) The retransmitted signals continue to meet the unwanted emissions limits of §90.210 applicable to
the corresponding received signals (assuming that these received signals meet the applicable
unwanted emissions limits by a reasonable margin).

Table 5: Emission Mask C

Displacement Frequency, f
(kHz)

Minimum Attenuation (dB)

10<f<10

83 log (fd+5)

10 < f < 250% Authorised BW

29 log (fd*+11) or 50*

f > 250% Authorised BW

43 + |Oglo (P)

*Whichever is the lesser

Table 5: Emission Mask D

Displacement Frequency, f

Minimum Attenuation (dB)

(kHz)
Foto 5.625 removed from Fo 0
>5.625<12.5 7.27(fd-2.88)
>12.5 At least50+10log (P)

or 70dB*

Mask for equipment without audio low pass filter

Where P is the transmitter output power in dBW.
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13.3.2

13.3.3 IC RSS-131

For a single channel amplifier, the 99% emission bandwidth shall be measured under the conditions
described in section 4.3.2 and the spectrum analyser plots submitted in the test report. Set the
resolution bandwidth of the spectrum analyser from 1% to 3% of the 99% emission bandwidth and set
the video bandwidth to 3 times the resolution bandwidth. Record both the amplifier input and output
signals.

All emissions in the amplifier’'s output signal that falls outside a licensed frequency block or allocated
bandwidth for the technology under test must be attenuated, relative to P, by at least:

43 + 10 LogyoP, or 70 dB, whichever is less stringent

where P is the manufacturer’s rated output power in watts.

13.4 Test Method

With the EUT setup as per section 9 of this report and connected as per Figure iv, the RF spectrum
mask was measured on a spectrum analyser and compared to the signal generator output as shown
on the plots.

The measurements were performed with EUT set at its nominal / maximum gain.

Figure iv Test Setup

EUT RF Spectrum
Analyser
> Attenuator > Y
Signal
Generator
13.5 Test Equipment
Equipment Equipment Element Last Cal Calibration Due For
Description Manufacturer Type No Calibration Period Calibration
Spectrum Analyser R&S FSU46 u2sl 24/04/2015 12 24/04/2016
Signal Generator R&S SMBV100A REF916 17/02/2015 12 17/02/2016
Signal Generator Agilent ESG-D3000A RFG441 08/10/2014 24 08/10/2016
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13.6 Test Results

Downlink Emission Masks @ AGC Threshold

Channel Centre Modulation Type
Frequency Result
(MHz) 16KOF3E 11K3F3E 4KOOF1E
412.500 Compliant Compliant - PASS
420.000 Compliant Compliant - PASS
427.500 Compliant Compliant -

Page 37 of 110




Report Number: TRA-028456-47-00CC

16KOF3E 412.5 MHz 11K3F3E

® RBN 300 Hz
VBN 1 Kz

Ref O dBm ‘At 10 B SNT 900 ms

4

‘
:
4
F —F

Center 412.5 Mz 8 kHz/ Span 80 Kz

Date: 14.JAN.2004 07:39:43

® RBN 100 Hz Marker 1 [T1 ]
VBN 300 Hz 9.63 dBr
Ref O dBm ‘Att 10 dB SNT 10 s 412.498974359 MHz
C Varkgr 2 [T1]1
4 ~3].39 dBr
L 412 so000¢ aez| I
c
=
[
e
/ \
TS
L
/ \
[
/ \ TE
RN
Bt // \\
/ \
[ - '
Fec
Lo Whlwuﬁ"“ Iy
Center 412.5 Mz 8 kHz/ Span 80 kHz

Date: 14.JAN.2004 08:00:46

Input Signal
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Ref 40 dBm

“RBN 300 Hz Varker 1 [T1 ]
VBN 1 KHz 28.90 cBr

“Att 10 dB SWT 900 ms 412.496025641 MHz

4 Offfet 4013 dB

Varkegr 2 [T1[]
N \ 22 .58 dhr

- a2 _soooooon vz IE
. i )
L ir

- i

Date: 14.JAN.2004 07:47:52

@

Ref 40 dBm

8 kriz/ Span 80 kriz

*RBN 100 Hz
VBN 300 Hz
“Att 10 dB “SWT 10 s

4 Offfet 4013 dB

Date: 14.JAN.2004 07:03:23

8 kriz/ Span 80 kriz

AGC
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@ “RBN 300 Hz Marker 1 [T1 ]
BN 1 Kz 29.67 cBr
Ref 40 dBn ALt 10 dB SWT 900 ms 412.496025641 NHz
a offfet 403 B Veripr 2 [T1]1
2B.36 dBr
- 412 500000000 w-2| IF
™
v
Fac
o
F-c
op-210c
e
=S
F—ac
| )
(LY M“* Al
\agiurf i
&
Center 412.5 Mz 8 Kiz/ Span 80 Kz
Date: 14.JAN.2004 07:48:47
@ “RBN 100 Hz Marker 1 [T1 ]
VBN 300 Hz 30.95 cor
Ref 40 dBn ALt 10 dB YSNT 10 s 412.498974359 NHz
a offfet 403 B Veripr 2 [T1]1
1 .22 dBv
. 412 500000000 w-2| IlF
™
v
/ \
Fac
/ \
c
/ \
F-c
/ \ e
. o
=2
T T
F-ac
Fac N"Nvm A%’M
L “M WUM +
e
Center 412.5 Mz 8 Kiz/ Span 80 Kz

Date: 14.JAN.2004 07:53:57

AGC +3dB
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16KOF3E 420 MHz 11K3F3E

® *RBN 300 Hz Marker 1 [T1 ]
VBN 1 Kz 11.74 cer

Ref O dBm ‘ALt 10 dB SNT 560 ms 419.995993590 M-z

= b

Center 420 MHz 5 KHz/ Spen 50 Kz
Date: 16.JAN.2004 09:02:06
® *RBN 100 Hz Marker 1 [T1 ]
VBN 300 Hz 9.53 i
Ref O dBn ‘At 10 B ST 6's 419.900088462 MHz
Varkdr 2 [T1]1
—3].52 dbn
L \
=
[
2
L
e
R
& A
.

Date: 16.JAN.2004 09:03:26

Input Signal
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@ “RBN 100 Hz Marker 1 [T1 ]
VBN 300 Hz 30.22 cr
Ref 40 dBn ALt 10 dB SWT 9.6 s 419.996025641 MHz
a offfet  40[3 B Veripr 2 [T1]1
1 25,90 dBr
- 420_000000000 w-2| IF
[1 =4 (l
o]
B / \ -
Lac -
e
e I
p-210c
e
fFzc
F—ac
L !
Fec Ly ‘ Wm
Center 420 Mz 8 kHz/ Span 80 Kz

Date: 16.JAN.2004 08:43:57

@ “RBN 100 Hz Marker 2 [T1 ]
VBN 300 Hz 10.51 cn
Ref 40 dBn ALt 10 dB SWT 9.6 s 420.000000000 MHz
a offfet 403 B Veripr 1 [T1]1
H 3p.43 dar
- aja ¢ 350 2| I
[1 =4
]
2 v
Fac
/ \
c
F-c
. / \ e
- V V
F-ac
L Lt W )
—c Y V‘\W’
L " V\R.P/N‘ WMMM
i LTI
—&C

Center 420 MHz 8 kriz/ Span 80 kriz

Date: 16.JAN.2004 08:42:15

AGC
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Date:

*RBN 100 Hz Marker 1 [T1 ]
VBN 300 Hz 30.94 dar
Ref 40 dBm ALt 10 dB SWT 9.6 s 419.996025641 MHz
ac Offfet 403 B Markegr 2 [T1]]
1 24.64 dBr
- 42000000000 M-z I
) [ \
» ,
.
| |
p-210C
-
Lo |
L WMUV "
WMA.W Mmmq;«
&

Center 420 NHz 8 kHz/ Span 80 kHz
16.JAN.2004 08:45:04
“RBN 100 Hz Marker 2 [T1 ]
VBN 300 Hz 11.57 dBr
Ref 40 dBn “AtL 10 dB SAT 9.6 s 420.000000000 NHz
ac Offfet 40|3 B A Markgr 1 [T1]]
3B.53 dBr
- ada ¢ 350 M| IF
=
Fac
/ \
c
Foac
- / \
- V V
| I
| il WMMM
I » b, .
i Wity
&

16.JAN.2004 08:41:21

8 KHz/

AGC +3dB

Span 80 kriz
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16KOF3E

427.5 MHz
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11K3F3E

® RBN 300 Hz Marker 1 [T1 ]
VBN 1 Kz 19.60 car
Ref 0.7 cBm ‘Att 5B SNT 900 ms. 427500000000 MHz
Foac L]
= I
=R / L] \
B WL
B Vu 'U v“ Im
= 9p-210C
o
- ﬂ N
- w ”
| |
[ U\ﬂ
- I U
Laigo, b i A b b, A/ \H.M PR VAT LTS
Center 427.5 MHz 8 Kz/ Span 80 Kz
Date: 9.NOV.2015 11:07:26
® RBN 100 Hz Marker 1 [T1 ]
VBN 300 Hz 26.31 car
Ref O cBn ‘Att 5B ST 10 s 427500000000 MHz
c
Lo m
=
[
2
/ \
L / \
- / \
\
N / \
| / \
%9 / \ =
/ \
/ \
=
F-ac
ex
Z100 A L n n .
Center 427.5 MHz 8 KHz/ Span 80 Kz

Date: 9.NOV.2015 11:29:01

Input Signal
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Date

@

Date:

Ref 40 dBm

‘ALt 5 dB

*RBN 300 Hz

VBN 1 Kz

Varker 1 [T1 ]
23.61 dBr
427500000000 MHz

4 Offfet 40{7 B

.|

P-210C

A

1 9.NOV.2015 11:03:45

Ref 40 dBm

‘ALt 5 dB

*RBN 100 Hz
VBN 300 Hz
“SWT 10 s

Span 80 kriz

Varker 1 [T1 ]
1291 dBr
427500000000 MHz

4 Offfet 40{7 B

ac

™M

9.NOV.2015 11:14:12

8 KHz/

AGC

Span 80 kriz
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@ “RBN 300 Hz Varker 1 [T1 ]
VBN 1 kHz 24.34 dBr
Ref 40 dBn ‘AL 5 dB SWT 900 ms 427 500000000 MHz

4 Offfet 40{7 B

LG

P-210C

" M'MM Wu MHVAI\

Center 427.5 Wz 8 kriz/ Span 80 kriz

Date: 9.NOV.2015 11:04:13

@ “RBN 100 Hz Varker 1 [T1 ]
VBN 300 Hz 12.55 B
Ref 40 dBn “ALE 5 dB YSNT 10 s 427 500000000 NHz

4 Offfet 40{7 B

L A m, LT
A G

Center 427.5 Wz 8 kriz/ Span 80 kriz

Date: 9.NOV.2015 11:25:21

AGC +3dB
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The above plots depicting the output spectra show no obvious distortion visible when compared to the

input signal.
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Uplink Emission Masks @ AGC Threshold

Channel Centre

Modulation Type

Frequency Result
(MHz) 16KOF3E 11K3F3E 4KOOF1E
412.500 Compliant Compliant - PASS
420.000 Compliant Compliant - PASS
427.500 Compliant Compliant -
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16KOF3E 412.5 MHz 11K3F3E
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“RBV 300 Hz Varker 1 [T1 ]
VB 1 kHz 30.15 cBn
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i WW”\A m
A vy
&
Center 412.5 Mz 8 kHz/ Span 80 kHz

14.JAN.2004 13:54:22

T8

Report Number: TRA-028456-47-00CC

@ “RBN 100 Hz Marker 2 [T1 ]
VB 300 Hz 12.14 cBr
Ref 40 dBm ALt 10 dB SNT 9.6 s 412.500000000 MHz
a offfet  40[3 B Verkdr 1 [T1[1
A 3p.27 dar|
o 2 scencieen vl
x / M
[ \
1 \
/ \
c T
i I
/ ' \
[ \
/ \ e
99 210 \
% -
\/’ K
F-a
—c
L WM” i) MMWWW
e

8 kHz/ Span 80 kHz

Date: 14.JAN.2004 13:52:21

AGC +3dB
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16KOF3E

420 MHz

Report Number: TRA-028456-47-00CC

11K3F3E

® RBN 300 Hz Marker 1 [T1 ]
VBN 1 kHz 11.74 dBr
Ref O dBm ALt 10 dB SWT 560 ms 419.995993590 MHz
c Marker 2 [T1(]
-1$.04 dBr
b ac 1 & -z | I
= P
m| I
B [N
. Il ] T
I "l
Wy
T T L R ATy
100
Center 420 MHz 5 kHz/ Span 50 kHz
Date: 16.JAN.2004 09:02:06
® RBWN 100 Hz Marker 1 [T1 ]
VBN 300 Hz 9.53 dBr
Ref O dBm ALt 10 dB SNT 6 s 419.990038462 MHz
c Marker 2 [T1(]
1 —3].52 dan
Lo P iz | Y
=
mee |
. / \
. |
I VL b,
Center 420 MHz 5 kHz/ Span 50 kHz
Date: 16.JAN.2004 09:03:26
Input Signal
® “RBN 300 Hz Marker 1 [T1 ] ® “RBN 100 Hz Marker 1 [T1 ]
VBN 1 kHz 31.08 dBr VBW 300 Hz 31.30 dBr
Ref 40 dBn AL 10 dB SNT 560 ms 420.004006410 MHz Ref 40 dBn AL 10 dB SAT 6 s 419.999038462 MHz
ac Offget  40(3 dB Marker 2 [T1(] ac Offget  40(3 dB Marker 2 [T1(]
1 24.81 dBr 1 .47 dBr
- " b e (] - v (]
= [ =
| . 4 |
Ll RN “
: LI 1
, l I ,
e | [ ab-210c e
- -
! el A L
b %W\ N L A qu hw
—6C —6C

5 kHz/ Spen 50 kHz 5 kHz/ Spen 50 kHz

Date: 16.JAN.2004 08:53:46 Date: 16.JAN.2004 08:59:11

AGC
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@ “RBN 300 Hz Marker 1 [T1 ] @ “RBN 100 Hz Marker 1 [T1 ]
VB 1 kHz 31.17 cBr VB 300 Hz 2287 cor
Ref 40 dBm ALt 10 dB SWT 560 ms 420.004006410 MHz Ref 40 dBm ALt 10 dB SWT 6 s 419.999038462 MHz
a offfet  40[3 B Vertdr 2 [T1[1 X Offiet 0|3 B L Vertdr 2 T2
1 24.94 dar 11.13 dBr
a 4 1 420_000000o00. w-2| IF o 420_000000000 M-z IF
el 4 4 el
* ” \ V] x V]
1c — nr ln " 1c

h-210c e
e

Center 420 Mz 5 Kiz/ Span 50 kHz Center 420 Mz 5 Kiz/ Span 50 kHz

Date: 16.JAN.2004 08:54:47 Date: 16.JAN.2004 08:56:00

AGC +3dB
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16KOF3E

427.5 MHz

Center 427.5 Mz 8 kHz/ Spen 80 kHz

Date: 10.NOV.2015 17:00:06
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11K3F3E

® RBN 300 Hz Marker 1 [T1 ]
VB 1 Kz 19.00 cBr
Ref -0.7 cBm ‘Att 5B SWT 900 ms. 427500000000 M-z
Foac L]
= I
[ N / 1L \
B N1
B Vu 'U v“ Im
F-sc
9P-210C
e
F-ec n N
- W ”
-ac H "A‘!l
- I V
Lo b A bl “d \H.M PR VAT LTS
Center 427.5 Mz 8 Kiz/ Span €0 Kz
Date: 9.NOV.2015 11:07:26
® RBN 100 Hz Marker 1 [T1 ]
VB 300 Hz 26.31 cBr
Ref O cBn ‘Att 5B ST 10 s 427500000000 M-z
C
b ac L]
=
[
=
/ \
/ \
L / \
- / \
\
N / \
L / \
e
/ \
2 / \
/ \
/ \
/ \
Fnc
F-ec
F e
100 A L ” A R
Center 427.5 Mz 8 Kiz/ Span €0 Kz
Date: 9.NOV.2015 11:29:01
Input Signal
® “RBN 300 Hz Marker 1 [T1 ] ® RBN 100 Hz Marker 1 [T1 ]
VBN 1 kHz 30.39 dBr VBW 300 Hz 32.51 dbn
Ref 42 dBm At 5dB SNT 900 ms 427497051282 NHz Ref 42 dBm At 5dB SAT 9.6 s 427499102564 MHz
[ac 0] e =3 ] [ac 201 e =3 ]
HIMIT G A Himpm OE A
E = =
a a
1 =4 1 =4
- o (AVE o r M
/
/ \
/ n, \ [ \
1c = ac 7 \
— I —T , \
e " N / \\
/
[y
[ ! I ap-210C [ / \
TR /r \ T8
\
| g 20l - "
[l \J
[ r,m“ M = - 1l
- WWN - = B i |
byt S T WWAM

Date: 10.NOV.2015 17:16:42

AGC

8 kHz/ Spen 80 kHz
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@ *RBN 300 Hz Varker 1 [T1 ] @

*RBN 100 Hz Varker 1 [T1 ]
31.77 dar VBI 300 Hz .65 B
Ref 42 cBn “Att 5B 427497051282 MHz Ref 42 cBn “Att 5B SWT 9.6 s 427.499102564 MHz
rac 2077 OB | rac 20778 |
LT ot LIvIT o AgE
1 2] 2]
ar <s

o 1 1 v o v
/
\
/ \ ’/ \\
1 —— 1 1 -
7/7 — I \
Fe— 1 c 1 i
L L [ 1y
e i ! b-210c o / \
TE / \\\ I8
. . o / \
!/ \
A, / \
L ] i
o

L b
JWWPAWV TN
Center 427.5 MHz 8 kHz/

Span 80 kHz

8 kHz/ Span 80 kHz

Date: 10.NOV.2015 17:00:44 Date: 10.NOV.2015 17:18:08

AGC +3dB
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14 Passband gain and bandwidth

14.1 Definition

Report Number: TRA-028456-47-00CC

The passband is the range of frequencies over which the booster is intended to apply gain. Each
booster may include one or more passbhands. The bandwidth of each passband is defined by two
points either side of the band where the gain has fallen by 20dB from maximum.

14.2 Test Parameters

Test Location:
Test Chamber:

Test Standard and Clause:

Channels / Frequencies Measured:

Source Modulation:
Source Level:

Sweep Set-Up:

Deviations From Standard:
Bandwidth:

Measurement Detector

Element Skelmersdale
Radio Lab

IC RSS-131, Clause 4.2
KDB 935210 D05 v01, Clause 4.3
+/-250% declared pass band

CwW

3dB below the AGC threshold

500 Hz steps; 2s dwell / 50kHz steps; 90ms dwell

None

RBW 1kHz / 50 kHz (1-5% pass band); (VBW 23xRBW).
Peak; Max-Hold.

Environmental Conditions (Normal Environment)

Temperature: 22°C
Humidity: 38%RH
Supply: 110 V ac

14.3 Test Limits

14.3.1 FCC 47CFR90.
Not specified.

14.3.2 RSS-131.

+15 °C to +35 °C (as declared)
20%RH to 75%RH (as declared)
110Vac +/-10% (as declared)

The passband gain shall not exceed the nominal gain by more than 1.0 dB. The 20 dB bandwidth shall
not exceed the nominal bandwidth that is stated by the manufacturer. Outside of the 20 dB bandwidth,
the gain shall not exceed the gain at the 20 dB point.

14.4 Test Method

With the EUT setup as per section 9 of this report and connected as per Figure v, the 20dB bandwidth
of the EUT was measured on a spectrum analyser.
The measurements were performed with EUT set at its nominal / maximum gain.
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Figure v Test Setup
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EUT RF Spectrum
Analyser
> Attenuator > Y
Sweep
Generator
14.5 Test Equipment
Equipment Equipment Element Last Cal Calibration Due For
Description Manufacturer Type No Calibration Period Calibration
Spectrum Analyser R&S FSU46 U281 24/04/2015 12 24/04/2016
Signal Generator R&S SMBV100A REF916 17/02/2015 12 17/02/2016
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14.6 Test Results
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Downlink - Lower 5 MHz operating band — Centre Frequency 412.5 MHz

. 20dB
ACtlve(l\C/l:Eezl?nel(S) Lower I\/I(I|<vr"_||zzr)equency Upper M(IRAr:Zr)equency Bandwidth Result
(kHz)
412.5 MHz 412.46955 412.52724 57.69 PASS
410.0125 MHz/
414.9875 MHz 409.93250 415.06750 5135.00 PASS
® “RBN 1 kHz Marker 1 [T1 ]
VBV 3 kHz 38.89 dBr
Ref 40 dBm At 10 dB 1 SAT 1s 412 .498397436 MHz
a0 Offfet 40|3 B \ ncB [T1] 2p.00 B
BV 57.692307692 kHz
- Terp|1 [T1_ngE] L Bl
- ]Z \Q 1544 cer
P 412 _46955]1282 MHz
= 1 e "
] \ 1 30 cor
412_.52724B8590 MHz
B i
C
NEAE
D1 -13 ¢Bm
, [
—2C u
--ac
—aC
Start 412 MHz 100 kHz/ Stop 413 MHz
Date: 14.JAN.2004 11:56:59
® “RBN 50 kHz Marker 1 [T1 ]
VBN 200 kHz 35.20 dBr
Ref 40 dBm “Att 10 dB SANT 45 ms 410.000000000 MHz
40 Offset  40)3 dB L Varker 2 [T1(]
14.15 dBr
L aga_azesohoon M-z | I
Markér 3 [T1|]
= 13.98 dBr
VAR oo 5 435-6675a000 ] |
D1 15.2(dBm
- 10
C

2.5 MHz/ Span 25 MHz

Date: 14.JAN.2004 12:16:25

Page 56 of 110



Report Number: TRA-028456-47-00CC

Downlink - Middle 5 MHz operating band — Centre Frequency 420.0 MHz

. 20dB
Actlve(l\c/l:r;'ezl?nel(s) Lower I\/I(I|<vr"_||zzr)equency Upper M(IRAr:Zr;aquency Bandwidth Result
(kHz)
420.0 419.96795 420.03045 62.5 PASS
417.5125 MHz /
42449875 417.43250 422.56500 5132.50 PASS
® “RBN 1 kHz Marker 1 [T1 ]
VBN 3 kHz 36.92 dBr
Ref 40 dBm *Att 10 dB SANT 1 s 420.003205128 MHz
ac Offfet  40|3 oB ?\ ndB 1] 2(.00 dB
BN 62500000000 kHz
L ( Terp|1 [T1_ngE] LBl
P l \Yn 17.53 dBr
P4 419.967948718 MHz
e -0 e B Ferpt2—Fri5t "
Z i 16-74 dBr
420.030448718 MHz
N al
) |
. N /]
el RREEREN =
. u I
-/ N
—-&C
Start 419.5 VHz 100 kHz/ Stop 420.5 VHz
Date: 16.JAN.2004 12:46:04
® *RBN 50 kHz Marker 1 [T1 ]
VBN 200 kHz 36.06 dBr
Ref 40 dBm “Att 10 dB SANT 45 ms 422 475000000 MHz
a0 Offset 403 B Marker 2 [T1(]
14.85 dBr
L 417 _aze500000 M| IE
Marker 3 [T1]|]
1 P 1%.45 dBr
M | 43256500000z
3 [AV]
D1 16.06 dBm
- 10
I C
=
\ \ =

|

Mw

Center 420 VHz

Date: 16.JAN.2004 11:20:49

2.5 MHz/

Span 25 VHz
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Downlink - Upper 5 MHz operating band — Centre Frequency 427.5 MHz

. 20dB
Actlve(l\c/l:r;'ezl?nel(s) Lower I\/I(I|<vr”_||zzr)equency Upper M(IRAr:Zr;aquency Bandwidth Result
(kHz)
427.5 MHz 427.46955 427.52724 57.69 PASS
425.0125 MHz /
429 9875 MHz 424.09503 429.30336 5208.33 PASS
® “RBN 1 kHz Marker 1 [T1 ]
VBNV 3 kHz 36.59 dBr
Ref 43.7 dBn At 5 dB SAT 1s 427508012821 MHz
oc-Orfpet o7 : B 7 cpes E‘E.zi
[X Tenp |1 [T1 ngE] | &}
-0 b 22 dBy
1 d ‘Z L 427 469551282 MHz
e Tenp |2 [T1 Bl
3 02—l M
20 i H=Eeees
7 K 427 527248590 MHz

[~ —1C
L U
73:/ / y
Center 427.5 Mz 100 kHz/ Span 1 MHz
Date: 9.NOV.2015 14:16:59
® “RBNV 50 KHz Delta 2 [T1 ]
VBN 200 kHz —2.21 dB
Ref 39 dBn “Att 5 dB “SNT 50 ms 5.208333333 Mz
Off$et 407 B Varkér 1 [T1[]
1655 dar
30 A4 - 89583 VHz l':!
1 54
" [
24 M
D1 15.18 dBm 'Y
- 1C
I C
- —C
L \
L ‘
1 W Ay e e Al 1 1 Arah
ik L N2 I IEARH A A e A A A i)
-5C
| —6C.
Center 427.5 Mz 2.5 MWz/ Span 25 Mz

Date: 10.NOV.2015 15:19:09
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Uplink - Lower 5 MHz operating band — Centre Frequency 412.5 MHz

Active Channel(s) Lower Mkr Frequency Upper Mkr Frequency Bar%g\c/jv?dth Result
(MHz) (MHz) (MHz) (kH2)
412.5 MHz 412.46955 412.52724 57.69 PASS
410.0125 MHz/
414.9875 MHz 409.93250 415.05750 5125.00 PASS
® “RBN 1 kHz Marker 1 [T1 ]
VBNV 3 kHz 39.14 dBr
Ref 40 dBm *Att 10 dB 1 SAT 1s 412.488782051 MHz

4 Offget  40|3 B \

noB [T1]  2p.00 B

Terp|1 [T1_ngE] L Bl

18.76 dBr
412_469551282 MHz

il

e
M

412 527248590 MHz

. -

/

—&C
Center 412.5 Mz 100 kHz/ Span 1 MHz
Date: 14.JAN.2004 13:35:09
® “RBN 50 Kz Marker 1 [T1 ]
VBN 200 kHz 35.01 dBr
Ref 40 dBn “Att 10 dB ST 45 ms 410.000000000 MHz
40 Offset 40|3 dB il Varkér 2 [T1[]
141,01 dar
. a0 _9zos0h000 Mz | IFEY
Marker 3 [T1(]
1 d 14.19 dBr
[ B e A
Fo 44505750000z
X M
D1 15.01 dBn
- 10
-C
--ac

Center 412.5 VHz 2.5 \Hz/

Date: 14.JAN.2004 12:56:11

Span 25 VHz
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Uplink - Middle 5 MHz operating band — Centre Frequency 420.0 MHz

. 20dB
Actlve(l\c/l:r;'ezl?nel(s) Lower I\/I(I|<vr"_||zzr)equency Upper M(IRAr:Zr;aquency Bandwidth Result
(kHz)
420.0 419.96955 420.02885 59.30 PASS
417.5125 MHz /
42449875 417.43250 422.56500 5132.50 PASS
® “RBN 1 kHz Marker 1 [T1 ]
VBNV 3 kHz 39.47 dBr
Ref 40 dBm *Att 10 dB 1 SANT 1s 419.987179487 MHz
a0 OFfset  40)3 B \ ndB [T1] 20.00 B
BN §9.294871795 kHz
L Tenpl1 T ngE] | 5]
e }, \FZ 19.81 dBr
P 419.96955]282 MHz
e - ! Ferpr2—EFEToist L
/ X 18.82 dBr
420.02884¢6154 MHz

- —2C

Start 419.5 VHz 100 kHz/ Stop 420.5 MHz

Date: 16.JAN.2004 13:29:24

® “RBN 50 kHz Varker 1 [T1 ]
VBN 200 kHz 35.87 dar
Ref 40 cBm “Att 10 dB SNT 45 ms 417500000000 MHz
4 Offfet 40|3 B I Varker 2 [T1]]
14189 cBn
. 417_a=zo500000 Mz | IFY
Marker 3 [T1(]
1 B 1%5.82 dBr
we | o e o
B M
D1 15.8f cBm
[~ 10
I C
e
B ( 1 ( ‘
- —5C
—-&C
Certer 420 M-z 2.5 MHz/ Span 25 Mz

Date: 16.JAN.2004 10:21:24
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Uplink - Upper 5 MHz operating band — Centre Frequency 427.5 MHz

. 20dB
Actlve(l\c/l:r;'ezl?nel(s) Lower I\/I(I|<vr"_||zzr)equency Upper M(IRAr:Zr;aquency Bandwidth Result
(kHz)
427.5 MHz 427.46955 427.52724 57.69 PASS
425.0125 MHz /
429 9875 MHz 424.89583 430.10416 5208.33 PASS
® “RBN 1 kHz Marker 1 [T1 ]
VBNV 3 kHz 37.01 dBr
Ref 43 dBm *Att 10 dB “ONT 1s 427 495192308 MHz
[ offfet _a0lz a8 i frig o el
BN 57.692307692 kHz
[‘\ Tenp |1 [T1 ngE] | &}
me [ 4k7 asoEE\ 28 M
Lo Tenp |2 [T1 ngiB]
[~ 20 T T7-38 dgr b
?V X 427 527248590 MHz

L 5
- -3C
L
Center 427.5 Mz 100 kHz/ Span 1 MHz
Date: 11.NOV.2015 12:00:22
® “RBNV 50 KHz Delta 2 [T1 ]
VBN 200 kHz —2.43 dB
Ref 43 dBn “Att 10 dB “SNT 50 ms 5.208333333 Mz
[ - offfet _a0]z a8 vearkdr 1 [T1]] ]
13.21 dBn
424895838333 MHz| I
30
1 54
oo d
-0 M
D1 14.81 dBm =3
[~ 10
-C
ley
IE
B ( \ { }
- -3C
IAVTRUNTPUNR | LY DUUTH PO ) WAJ LMMWMMMJ LJWWWme-Ww
e
- -5C
Center 427.5 Mz 2.5 MWz/ Span 25 Mz

Date: 11.NOV.2015 12:41:46
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15 Spurious emissions at antenna terminals

15.1 Definition

Emission on a frequency or frequencies which are outside the necessary bandwidth and the level of
which may be reduced without affecting the corresponding transmission of information. Spurious
emissions include harmonic emissions, parasitic emissions, intermodulation products and frequency
conversion products, but exclude out-of-band emissions.

15.2 Test Parameters

Test Location:
Test Chamber:

Test Standard and Clause:

EUT Operating Frequencies Tested, fo:

Source Modulations:

Source Level:

Deviations From Standard:
Bandwidth:

Frequency Range Examined:

Measurement Detector

Element Skelmersdale
Radio Lab

IC RSS-131, clause 4.4
KDB 935210 D05 v01, clause 4.7.3
412.5 MHz, 420MHz, 427 .5MHz

CW, 16KOF3E, 11K3F3E, 4KO0OF1E
-46.2 dBm (maximum input rating)

None

RBW 100 kHz; VBW 3xRBW

30 MHz — 5GHz (10 x highest passband)
Peak

Environmental Conditions (Normal Environment)

Temperature: 23°C
Humidity: 42%RH
Supply: 110 V ac

15.3 Test Limits

15.3.1 IC RSS-131

+15 °C to +35 °C (as declared)
20%RH to 75%RH (as declared)
110Vac +/-10% (as declared)

Spurious emissions of zone enhancers and translators shall be suppressed as much as possible.

Spurious emissions shall be attenuated below the rated power of the enhancer by at least:

43 + 10 Log1o(P;ateq in watts), or 70 dB, whichever is less stringent.

Note: If the minimum standard is not met, check to see if the input signal generators have a high

harmonic content.

15.3.2 47CFR90

Spurious emissions from a signal booster must not exceed -13 dBm within any 100 kHz measurement

bandwidth.
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15.4 Test Method

Single Channel:

With the EUT setup as per section 9 of this report and connected as per Figure vi, the emissions of the
EUT were calculated by taking into account any cable and attenuator calibration factors. It was
confirmed that at the maximum input level there was no compression.

Figure vi Test Setup

EUT RF

o | Attenuator

Spectrum
Analyser

Signal
Generator

Multi-Channel (RSS-131):

With the EUT setup as per section 9 of this report and connected as per Figure vii, two similar
sinusoidal signal inputs were used, such that the 3" order intermodulation products were also within
the passband of the EUT. The input level(s) were increased until the products met the required level.
The emissions of the EUT were calculated by taking into account any cable and attenuator calibration
factors.

Figure vii Test Setup

Signal
Generator _
o RF | rF _ EUT .| Directional - Load
| Combiner Coupler
Signal 7
Generator
¥
RF Attenuator
¥
Spectrum
Analyser
15.5 Test Equipment
Equipment Equipment Element Last Cal Calibration Due For
Description Manufacturer Type No Calibration Period Calibration
Spectrum Analyser R&S FSU46 U281 24/04/2015 12 24/04/2016
Signal Generator R&S SMBV100A REF916 17/02/2015 12 17/02/2016
Signal Generator Agilent ESG-D3000A RFG441 08/10/2014 24 08/10/2016
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15.6 Test Results

15.6.1 Out-of-band - Downlink

Report Number: TRA-028456-47-00CC

Downlink
Operating Frequency Freq. of Measured AETLEeT SpL_lrlo_us —
e & Cable Emission Limit
Frequency Range Emission Level Losses Level (dBm) Result
(MHz) (MHz) (MHz) (dBm) (dB) (dBm)
412.5 30 - 5,000 PASS
420.0 30 -5,000 No Significant Emissions Within 20 dB of the limit PASS
427.5 30 - 5,000 PASS
aC N
1 5
e x [ive
1 ML M Xwﬂ
A A o Y] G, T o
Start 9 kHz 14.1 kHz/ Stop 150 kHz
a Lal
[1 =4
L x (AVE
T O A A ORI T O B e PR R
S‘t;;t 150 kHz 2.985 Mz/ Stop 30 Mz

Date: 13.JAN.2004 14:20:08

9 kHz — 150 kHz Downlink 412.5 MHz 150 kHz — 30 MHz
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Date:

Date:

30 MHz — 1 GHz

Ref

40 dam

RBN 100 kHz
VBN 300 kHz
SWT 100 ms

Varker 1 [T1 ]
36.21 dr

‘ALt 10 dB 412.403846154 M-z

a Offy

set 403 dB

D1 -13

Pavblli, il

13.JAN.2004

97 Wz/ Stop 1 Gz

14:20:25

*RBN 100 kHz
VBN 300 KHz
SNT 400 ms

Varker 1 [T1 ]
35.58 dBr

‘ALt 10 dB 1.000000000 GHz

[iVE

D1 -13

HEm

b A hon gl Ahd

400 MHz/ Stop 5 Gz

13.JAN.2004 14:19:08

Downlink 412.5 MHz

Report Number: TRA-028456-47-00CC

1 GHz -5 GHz
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® RBN 1 Kz Varker 1 [T1 ]

VBN 3 Kz —44.34
Ref 30 dBm “Att 10 dB SAT 145 ms 84.019230769 kHz
X offfet 40[3 B

Lo L]
1c
"
c
Fac
D1 -13 ¢Bm
boox
e
==

A

Start 9 kHiz 14.1 Kiz/ Stop 150 kHz

Date: 16.JAN.2004 08:46:13

® *RBN 10 kHz varker 1 [T1 ]
VBN 30 kHz -43.24 dBr
Ref 30 cBm ‘At 10 B ST 300 ms 150.000000000 kiHz

T Offfet 403 B

[iVE

D1 -13 ¢Bmn

g MWMMW faplps wmv“"“' ‘\WMMNMWWMM Ayl

Start 150 kHz 2.985 MHz/ Stop 30 MHz

Date: 16.JAN.2004 08:46:27

9 kHz — 150 kHz Downlink 420.0 MHz 150 kHz — 30 MHz
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<® RBN 100 KHz Marker 1 [T1 ]
VBN 300 kHz 39.54 dar
Ref 40 dam ‘ATt 10 dB SWT 100 ms 420.176282051 MHz
ac offfet  40[3 B
L Le]
N ™M
1
c
e
D1 -13 ¢Bm
e
-
-
Vo 5 b M b diafatan AR A A Ao AP ]
-
&
—6C
Start 30 MHz 97 Wz/ Stop 1 Gz

Date: 16.JAN.2004 08:46:49

@ “RBIN 100 Varker 1 [T1 ]

kHz
VBN 300 KHz -34.74 dBr
Ref 30 cBm “Att 10 dB SWT 400 ms 3.519230769 GHz

X Offfet 40|13 dB

D1 -13 ¢Bn

AT T D] ol MMW.WW .

Start 1 Giz 400 MHz/ Stop 5 GHz

Date: 16.JAN.2004 08:45:51

30 MHz -1 GHz Downlink 420.0 MHz
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1 GHz-5GHz
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Ref 40 dam

RBN 1 kHz
VBN 3 Kz

‘ALt 10 dB * SWT 500 ms

Varker 1 [T1 ]
—49.49 dBr
13.745192308 kHz

4 Offset 40|17 B
L L]
=
o
v}
1c
c
F-c
D1 -13 ¢Bm
e
=
r-ac
F-ac
1
LT
P bt by s stog,
Start 9 kHz 14.1 kHz/ Stop 150 Kz
Date: 11.NOV.2015 10:19:43
@ *RBN 10 kHz varker 1 [T1 ]
VBN 30 kHz 4435 dBr
Ref 40 cBm ‘At 10 B * SWT 500 ms 197836538462 kHz
a Offset 40|17 B
o L]
AV
Fac
c
F-ac
D1 -13 ¢Bm
e
=y
r-ac
fc
o LS T T e AT T A ikt
—aC
Start 150 kHz 2.985 MHz/ Stop 30 Mz

Date: 11.NOV.2015 10:20:05

9 kHz — 150 kHz

Downlink 427.5 MHz
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150 kHz — 30 MHz
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@ “RBN 100 KHz Varker 1 [T1 ]
VBN 300 Kz 38.47 can
Ref 39 dBm AL 151dB “SWNT 500 ms 429.508205128 MHz
offfet  40[7 B Veripr 2 [T1]1
3P.02 dBr
Fac Suehs sl |
™ o
v
Fac
IS
F-ac
D1 -13 ¢em
e
F-zc
=5 A P
[PRTTVETR WO X T LTI MRS TR W
L
F-sc
L
Start 30 Mz 97 Miz/ Stop 1 Gz

Date: 11.NOV.2015 10:21:30

@ “RBN 100 KHz Varker 1 [T1 ]
VBN 300 KHz ~33.71 cr
Ref 39 dBm ALt 10 dB “SWT 500 ms 3.153846154 GHz
offfet  40[7 B
rac L&)
™ o
v
Fac
IS
F-ac
D1 -13 ¢em
e
=
- -
vt v 4 A Mo el
Fe
F&c
L
Start 1 Gz 400 Mz/ Stop 5 Gz

Date: 11.NOV.2015 10:22:38

30 MHz -1 GHz Downlink 427.5 MHz 1 GHz-5GHz

IC Plots
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® RBN 1 Kz Varker 1 [T1 ]

VBN 3 KHz -42.58 dar
Ref 40 dBm “Att 10 dB SWT 145 ms 83.567307692 kHz
4 Offset  40(3 dB
L m
x
'
1
rc
Fac
D1 -13 ¢Bn
-
=
Fac
L.
M A h\m
bl | WAA'L/“ J\M
- TR
Start 9 KHz 14.1 kHz/ Stop 150 kHz

Date: 14.JAN.2004 09:40:56

® RBN 10 KHz Marker 1 [T1 ]
VB 30 kHz 36.02 cBr
Ref 40 cBm Att 10 B SWT 300 ms 1.489423077 MHz

4ac Offget  40{3 dB

[iVE

D1 -13 ¢Bn

f
\f;;]w. A Al bR s D A ot

Start 150 kHz 2.985 MWz/ Stop 30 MHz

Date: 14.JAN.2004 09:41:19

9 kHz — 150 kHz Downlink 412.5 MHz 150 kHz — 30 MHz
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® RBN 100 KHz
VBN 300 Kz

Ref 40 dam ‘ALt 10 dB *SWT 200 ms

Varker 1 [T1 ]
35.08 dr
412.403846154 Mz

4ac Offget 40{3 dB

D1 -13 ¢Bn

™ M s sapiaindas [t s A

syt flang

97 Wz/

Date: 14.JAN.2004 09:40:16

® “RBN 100 KHz
VBN 300 Kz

Ref 40 cBm ‘ALt 10 dB SNT 400 ms

Stop 1 Gz

Varker 1 [T1 ]
36.13 dBr
1000000000 GHz

4 Offfet 4013 dB

[iVE

D1 -13 ¢Bmn

400 MHz/

Date: 14.JAN.2004 09:40:40

30 MHz — 1 GHz

Stop 5 Gz

Downlink 412.5 MHz
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1 GHz -5 GHz
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Ref 30 dam

“RBN 1 Kz Marker 1
VBN 3 KHz
Att 10 dB SWT 145 ms 34.5

[
47.01 dBr
33653846 KHz

x Offget 40{3 dB

[iVE

1c
re
[-ac
D1 -13 ¢Bm

o
F-ac
F—ac

1

v
i A

—ec
—7C
Start 9 kHz 14.1 kHz/ Stop 150 kHz
Date: 16.JAN.2004 09:44:32
@ *RBN 10 kHz Marker 1 [T1 ]
VBN 30 kHz 34.20 dBr
Ref 30 cBm ‘At 10 B ST 300 ms 1.489423077 MHz
T Offfet 40[3 B

[iVE

TR PSPPI} NEWTY [, TP T T PN TP Y

e
DL -13 ¢Bm
=
e
p\ \
T i,
Wy
Fa
7

Date: 16.JAN.2004 09:44:46

9 kHz — 150 kHz

2.985 MHz/

Downlink 420.0 MHz

Stop 30 MHz
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150 kHz — 30 MHz
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® RBN 100 Kz Narker 1 [T1 ]
VBN 300 Kz 36.39 dBr
Ref 40 dam “Att 10 dB SAT 100 ms 418.621794872 MHz
a offfet 40[3 B
L L]
- x AV
1c
c
ac
D1 -13 ¢Bm
=
e
—ac
A Mt AN\ A A IRV PO YN
—ac
&
—&
Start 30 Mz 97 Wz/ Stop 1 Gz
Date: 16.JAN.2004 09:43:49
@ “RBN 100 Kz Varker 1 [T1 ]
VBN 300 KHz 32.07 dBr
Ref 40 cBm ‘At 10 B SNT 400 ms. 3.557692308 GHz
a Offfet 40[3 B
L]
AV
Fac
c
F-1c
D1 -13 ¢Bm
e
2o
L 1
-
IRWS e IMWWMMW% Wb At i Adiindl
L
F-&c
—aC
Start 1 Gz 400 MHz/ Stop 5 Gz

Date: 16.JAN.2004 09:44:09

30 MHz -1 GHz

Downlink 420.0 MHz
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1 GHz -5 GHz
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@ . 1Kz Varker 1 [T1 ]
3 kHz -54.49 dBr
Ref 39 dBm ‘AL 5 dB * SWNT 500 ms 16.230769231 kHz
Offset  40(7 dB
rac L&)
™ o
™
Fac
IS
—c
D1 -13 ¢Bm
e
=
[
Lo
Fecy
MMM.MM O OO APV T T P Y YO R T
Start 9 KHz 14.1 kHz/ Stop 150 kHz

Date: 10.NOV.2015 13:00:07

@ RBN 10 Kiz Varker 1 [T1 ]
VBN 30 KHz -31.76 dBr
Ref 39 dBm ALt 20 dB SWT 500 ms 150.000000000 kHz
Offfet  40[7 B
rac L&)
™ o
v}
Fac
rc
—c
D1 -13 ¢em
e
F-2c
J"*I
[ etiog]
A oot i g oo bk P A
A v iy 2
r-&c
L-ec
Start 150 kHz 2.985 MHz/ Stop 30 Mz

Date: 10.NOV.2015 13:01:06

9 kHz — 150 kHz Downlink 427.5 MHz 150 kHz — 30 MHz
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Date:

Date:

30 MHz — 1 GHz

Out-of-band - Uplink

Ref 39 dBn

RBN 100 KHz
VBN 300 KHz

“AtE 15 dB * ST 500 ms

Varker 1 [T1 ]

36.17 dBr

427948717949 MHz

Offset  40|7 B

Mark

br 2 [T1[]
3D.66 chr

D1 13 ¢Bmn

10.NOV.2015 13:02:09

Ref 39 dBm

“RBN 100 KHz
VBN 300 KHz

“AtE 15 dB * ST 500 ms

Stop 1 Gz

Offset  40|7 dB

D1 13 ¢Bmn

10.NOV.2015 13:02:32

Stop 5 GHz

Downlink 427.5 MHz
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1 GHz -5 GHz

Uplink
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Operating Frequency Freq. of Measured AETLEeT SpL_lrlo_us —
o0 & Cable Emission Limit
Frequency Range Emission Level Losses Level (dBm) Result
(MHz) (MHz) (MHz) (dBm) (dB) (dBm)
412.5 30 - 10,000 PASS
420.0 30 - 10,000 No Significant Emissions Within 20 dB of the limit PASS
427.5 30 - 10,000 PASS

9 kHz — 150 kHz

Date: 14.JAN.2004 13:37:15

“RBN 1 kHz Marker 1 [T1 ]
VBN 3 kHz -53.83 dBr
Ref 40 dBm ‘At 10 B SWT 145 ms 150-000000000 kHz
4c Offget  40({3 dB
£y
r
e
c
[-ac
D1 -13 ¢Bm
=S
e
L
Mv PR
P Tl T T Juatiogin, gipan
—aC
Start 9 kHz 14.1 kHz/ Stop 150 kHz
Date: 14.JAN.2004 13:37:34
“RBN 10 kHz Marker 1 [T1 ]
VBN 30 kHz —46.96 dBr
Ref 40 dBm ‘At 10 B SWNT 300 ms 30000000000 MHz
4 Offget  40({3 dB
£y
r
e
c
[-ac
D1 -13 ¢Bm
=S
e
L
w AU APy ML b A g il A A LA
—aC
Start 150 kHz 2.985 \Hz/ Stop 30 MHz

Uplink 412.5 MHz

[iVE

[iVE

150 kHz — 30 MHz
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® RBN 100 Kz Narker 1 [T1 ]

VB 300 Kz 38.30 cbr
Ref 40 dBm “AtE 10 dB SAT 100 ms 412.403846154 NHz
a offfet  40[3 B

D1 -13 ¢Bn

YRR RTIVNN N B e ghast bttt i A ko]

Start 30 Mz 97 MHiz/ Stop 1 Gz

Date: 14.JAN.2004 13:37:02

@ RBN 100 Kz Marker 1 [T1 ]
VBN 300 KHz 36.49 dBr
Ref 40 cBm ‘At 10 B SNT 400 ms. 1.000000010 GHz
a Offset 40|13 B
L]
AV
Fac
c
F-1c
D1 -13 ¢Bm
e
2o
F-ac
i kit A PRI RO (SN PV FORY BT PO
L
F-&c
—aC
Start 1 Gz 400 MHz/ Stop 5 Gz

Date: 14.JAN.2004 13:37:51

30 MHz -1 GHz Uplink 412.5 MHz 1 GHz -5 GHz
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@ CRBN 1 KHz Varker 1 [T1 ]

VBN 3 Kz —42.09 dBr
Ref 30 dBm “Att 10 dB SWT 145 ms. 83.793269231 kHz

X Offfet 40|13 dB

D1 -13 ¢Bn

Start 9 Kz 14.1 Kiz/ Stop 150 kHz

Date: 16.JAN.2004 08:52:11

® RBN 10 KHz Varker 1 [T1 ]
VB 20 Kz —42.26 cr
Ref 30 dBm “Att 10 dB SAT 300 ms 150.000000000 kHz

x Offget 40{3 dB

D1 13 ¢Bm

i
SOV T LYY TN (WS Podrh-asl A b

Start 150 kHz 2.985 WHz/ Stop 30 Mz

Date: 16.JAN.2004 08:52:37

9 kHz — 150 kHz Uplink 420.0 MHz 150 kHz — 30 MHz
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® RBN 100 Kz Narker 1 [T1 ]
VBN 300 kHz 38.30 dBr
Ref 40 dBm * AL B SAT 100 ms 420.000000000 MHz
a offfet  40[3 B
Lo el
x [AVE
1
rc
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D1 -13 ¢Bn
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=
Far
YL NN YRR FRVWIVEY! PRFIVITE EREY IR YTRIR 107 S PYOY WY oY
[
F-sc
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Start 30 Mz 97 WHz/ Stop 1 Giz
Date: 16.JAN.2004 08:51:22
@ “RBN 100 kHz Marker 1 [T1 ]
VBN 300 KHz 38.79 dBr
Ref 30 dBm “Att 10 dB SWT 400 ms 1.000000000 GHz
ax Offset  40(3 dB
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Fac
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e
Rt achad b A sV VW PYORREN P SR
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F e
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Start 1 Gz 400 Mz/ Stop 5 Gz

Date: 16.JAN.2004 08:51:42

30 MHz -1 GHz Uplink 420.0 MHz 1 GHz -5 GHz
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RBN 1 kHz Varker 1 [T1 ]
VB 3 kHz -49.94 dBr
Ref 40 dam ‘ALt 10 dB * ST 500 ms. 38.600961538 kHz
a offfet 407 B
L m
. x AV
1c
c
F-c
D1 -13 ¢Bm
e
=
r-ac
b
1
G il
P AN W f
Vs puhly Bty W st Sy i b b
Start 9 kHz 14.1 kHz/ Stop 150 Kz
Date: 11.NOV.2015 10:12:40
® *RBN 10 kHz varker 1 [T1 ]
VBN 30 kHz -40.65 dBr
Ref 40 cBm ‘At 10 B * SWT 500 ms 150.000000000 kiHz
a Offfet 40[7 B
Lgl
AV
Fac
c
F-ac
D1 -13 ¢Bm
e
=y
r-ac
1
E;:A
Rt S e e T ATl TR R T TN v e
—aC
Start 150 kHz 2.985 MHz/ Stop 30 MHz

Date:

9 kHz — 150 kHz

11.NOV.2015 10:13:04

Uplink 427.5 MHz
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150 kHz — 30 MHz
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Ref 40 dBm

At 15 B
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RBN 100 KHz
VBN 300 KHz
* ST 500 ms

Varker 1 [T1 ]
38.27 dBr
429503205128 MHz

ac Offfet

40

Varkegr 2 [T1[]
33.13 clr

ado_cos1shass | IE

D1 -13

Start 30 Mz

Date:

®

11.NOV.2015

Ref 40 dam

10:14:44

Att 10 dB

Stop 1 Gz

“RBN 100 kHz
VBN 300 kHz
SWT 500 ms

Marker 1 [T1 ]
34.26 A
3.474358974 GHz

a Offfet

40

[iVE

D1 -13

1
AT

TR O TR

Start 1 Giz

Date: 11.NOV.2015

30 MHz -1 GHz

10:16:01

Uplink 427.5 MHz

Stop 5 Gz

1 GHz -5 GHz
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IC Plots

® RBN 1 Kz Varker 1 [T1 ]
VBN 3 Kz 45.94

Ref 40 cBn ‘ALt 10 dB SWT 145 ms. 87.182692308 kHz
ac Offset  40(3 dB

D1 -13 ¢Bn

Start 9 Kz 14.1 Kiz/ Stop 150 kHz

® RBN 10 KHz Varker 1 [T1 ]

VB 20 Kz 36.92 cBr
Ref 40 dBm “Att 10 dB SAT 300 ms 1.489423077 MHz
a offfet 40[3 B

D1 -13 ¢Bn

1
L
‘wﬂuwwuuwm. S PRI PP NP S8 PP ST i

Start 150 kHz 2.985 MHz/ Stop 30 MHz

Date: 14.JAN.2004 14:47:26

9 kHz — 150 kHz Uplink 412.5 MHz 150 kHz — 30 MHz
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® RBN 100 Kz Narker 1 [T1 ]

VB 300 Kz 34.15 cbr
Ref 40 dBm “Att 10 dB SAT 100 ms 413.958333333 MHz
a offfet  40[3 B

D1 -13 ¢Bn

Start 30 Mz 97 MHiz/ Stop 1 Gz

Date: 14.JAN.2004 14:46:04

® “RBN 100 kHz Marker 1 [T1 ]
VBN 300 KHz 36.56 dBr
Ref 40 dBm ‘At 10 dB SWNT 400 ms 1.000000000 GHz
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30 MHz -1 GHz Uplink 412.5 MHz 1 GHz -5 GHz
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Date:

Date:

9 kHz — 150 kHz
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RBN 1 KHz Marker 1 [T1 ]
VBN 3 kHz -47.01 dBr
Ref 30 dam “Att 10 dB SAT 145 ms 34.533653846 kHz
x offfet 40[3 B
L Le]
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F-1c
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F-ec
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Start 9 kHz 14.1 kHz/ Stop 150 kHz
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“RBN 10 KHz Marker 1 [T1 ]
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Start 150 kHz 2.985 Mz/ Stop 30 MHz
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Uplink 420.0 MHz 150 kHz — 30 MHz
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® RBN 100 Kz Narker 1 [T1 ]
VB 300 Kz 36.17 cBr
Ref 40 dBm “Att 10 dB SAT 100 ms 420.176282051 NHz

4ac Offget 40{3 dB

D1 -13 ¢Bn

Start 30 Mz 97 MHiz/ Stop 1 Gz

Date: 16.JAN.2004 09:49:02

@ *RBN 100 kHz varker 1 [T1 ]
VBN 300 kHz 33.89 dBr
Ref 30 cBm ‘ALt 10 dB SNT 400 ms 3.153846154 GHz

T Offfet 403 B
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Lt s A s bl s

Start 1 Giz 400 MHz/ Stop 5 Gz

Date: 16.JAN.2004 09:49:17

30 MHz -1 GHz Uplink 420.0 MHz 1 GHz -5 GHz
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Date:

Date:

9 kHz — 150 kHz
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1 [T ]

VBNV -50.04 dar
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Uplink 427.5 MHz
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150 kHz — 30 MHz
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@ “RBN 100 KHz Varker 1 [T1 ]
VBN 300 KHz 36.20 dar
Ref 37 cBm ALt 15108 * SNT 500 ms 427948717949 MHz
Offfet  40|7 B varkdr 2 [T1]]
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X Offfet 40|17 B

“Att 10 dB 3.435897436 GHz

D1 -13 ¢Bn

-
Start 1 Giz 400 MHz/ Stop 5 GHz

Date: 11.NOV.2015 14:55:20

30 MHz -1 GHz Uplink 427.5 MHz
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1 GHz-5GHz
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16 Intermodulation products

16.1 Definition

Report Number: TRA-028456-47-00CC

Spurious intermodulation products result from intermodulation between: — the oscillations at the
carrier, characteristic, or harmonic frequencies of an emission, or the oscillations resulting from the
generation of the carrier or characteristic frequency; and — oscillations of the same nature, of one or
several other emissions, originating from the same transmitting system or from other transmitters or

transmitting systems.

16.2 Test Parameters

Test Location:
Test Chamber:

Test Standard and Clause:

EUT Operating Frequencies Tested, fo:

Source Tones:

Source Level:

Deviations From Standard:
Bandwidth:

Span:

Measurement Detector

Element Skelmersdale
Radio Lab

IC RSS-131, clause 4.3
KDB 935210 D05 v01, clause 4.5
412.5 MHz 420MHz, 427.5MHz

fo +/- 12.5 kHz

-46.2, -46.8 dBm (AGC threshold and 3dB above)
None

RBW 300 Hz; VBW 3xRBW

100 kHz

Average, rms.

Environmental Conditions (Normal Environment)

Temperature: 22°C
Humidity: 44%RH
Supply: 110 V ac

+15 °C to +35 °C (as declared)
20%RH to 75%RH (as declared)
110Vac +/-10% (as declared)

16.3 Test Limits

The retransmitted signals continue to meet the unwanted emissions limits of §90.210 applicable to the
corresponding received signals (assuming that these received signals meet the applicable unwanted
emissions limits by a reasonable margin).

16.4 Test Method

With the EUT setup as per section 9 of this report and connected as per Figure viii, two tones were
input to the EUT. The combined level at the EUT input was set by the attenuator to just below the EUT
AGC threshold level and the intermodulation products were measured on the spectrum analyser.

The measurement was repeated with the input attenuator decreased by 3dB.
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Figure viii Test Setup
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Signal
Generator
" RF RF Attenuator EUT .| Directional o Load
Combiner = Coupler =
Signal
Generator
A
RF Attenuator
A
Spectrum
Analyser
16.5 Test Equipment
Equipment Equipment Element Last Cal Calibration Due For
Description Manufacturer Type No Calibration Period Calibration
Spectrum Analyser R&S FSU46 U281 24/04/2015 12 24/04/2016
Signal Generator R&S SMBV100A REF916 17/02/2015 12 17/02/2016
Signal Generator Agilent ESG-D3000A RFG441 08/10/2014 24 08/10/2016

Page 89 of 110




Report Number: TRA-028456-47-00CC

16.6 Test Results

Downlink Intermodulation @ AGC threshold

Frequency of Il Ut
e Tone 2 Tone 2 Inte?modglati RS a1 Limit
Frequency on Product Result
(MHz) (MHz) on Product (dBm)
(MHz) (MHz) Level
(dBm)
412.5 412.4875 412.5125 412.4625 -28.54 -13 PASS
420.0 419.9875 420.0125 419.9625 -34.34 -13 PASS
427.5 427.4875 427.5125 427.4625 -47.70 -13 PASS
® “RBN 300 Hz Marker 3 [T1 ]
VBN 1 kHz —28.54 dBr
Ref 40 dBm Attt 10 dB SANT 1.15 s 412462532051 MHz
40 Offfet 40]3 B 5 N Varkér 1 [T1]]
3B.18 dBr
. 412 512500000 M| IEY
Marker 2 [T1]|]
= 38.23 dBr
Lo - o0 432 -A87500000 M=
varker 4 [T1|] b
—29.59 dBr
- 10 4 S37950P000 VHZ
I C
e
D1 -13 ¢Bm
B
A

DS N PR

Center 412.5 VHz 10 kHz/ Span 100 kHz

Date: 14.JAN.2004 09:26:36
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@ “RBN 300 Hz varker 1 [T1 ]
VBN 1 kHz 35.22 cBr
Ref 40 cBm “Att 10 B SNT 1.15 s 419.987500000 MHz
a0 Offfet  40|3 B 1 2 Varkér 2 [T1]]
.28 cBr
30 420 gfl’l] | 5]
Varker
1 B -3%.34 cBr
VAXH - o0 - IOz OOHFTOS IV 2
[AV N
Marker 4 [T1|]
-37.70 dar
- 1C AP0 .US7582051 VHZ
- C
=
D1 -13 ¢Bm
3B
= A

- DAY
b

s Tl

Center 420 VHz 10 kHz/ Span 100 kHz

Date: 16.JAN.2004 09:35:43

@ “RBN 300 Hz varker 1 [T1 ]
VBN 3 Kz
Ref 39 cBm “Att 10 B “SWT 10 s

Offgset 4017 dB

D1 -13 ¢Bm

S

Date: 11.NOV.2015 10:49:05
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Downlink Intermodulation @ 3dB above AGC threshold

Frequency of billEst
Frgegérr?c Tone 2 Tone 2 Intermodulati "gﬁrgggalciu Limit Result
quency (MHz) (MHz) on Product (dBm)
(MHz) (MH2) Level
(dBm)
412.5 412.4875 512.5125 412.4625 -29.81 -13 PASS
420.0 419.9875 420.0125 419.9625 -33.90 -13 PASS
427.5 427.4875 427.5125 427.4625 -44.42 -13 PASS
® “RBN 300 Hz Marker 3 [T1 ]
VBN 1 kHz —29.81 dBr
Ref 40 dBm “Att 10 dB SANT 1.15 s 412462532051 VHz
40 Offset  40/3 dB > 1 Marker 1 [T1|]
3B.12 dBr
L 412 s12500000 M| IE
Marker 2 [T1]|]
=2 3P.76 dBr
T o 412467500000 MHz
Marker 4 [T1(] b
-3p-36 dBr
- 1C 7. -O3 790000 VHZ
[~ C
=
D1 -13 ¢Bm
p . -

:i 2 WW[/ \ f \ | 3

;dithdﬂ Mo+

Center 412.5 MHz 10 kHz/ Span 100 kHz

Date: 14.JAN.2004 09:31:13
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Marker 1 [T1 7]

VBN 1 kHz 35.37 cBr
Ref 40 cBm “Att 10 B SNT 1.15 s 419.987500000 MHz
a0 Offfet  40|3 B 1 2 Varkér 2 [T1]]
.38 chAr
L 420 01 | g]
Marker 3 [T1(]
1 Fd ~3B.90 dAr
VAXH - o0 - IOz OOHFTOS IV 2 Ve
Marker 4 [T1|]
-37.97 dar
- 1C AP0 .US7582051 VHZ
- C
e
D1 -13 ¢Bm
e
5 I "
—2C
| FATwE
[ A T b s
5 N T
,Al,y&ﬁ“ MVA\hW
—ac
Center 420 VHz 10 kHz/ Span 100 kHz
Date: 16.JAN.2004 09:36:46
® “RBN 300 Hz varker 1 [T1 ]
VBN 3 KHz 36.46 dar
Ref 39 dBm “Att 10 B “SNT 10 s 427 487500000 Mz
Offset  40|7 dB Marker 2 [T1|]
35.82 dar
- 30 AX7 -SI2S0POOO0—viHz | M=
Markegr 3 [T1|]
—a41.42 dar
20 2F7 462500000 MHz|
Varkér 4 [T1|] b
i —44.51 dBr
1c 447 537500000 Mz
[ C
-ac
D1 -13 ¢Bm
IrB
[~ —2C
B Tonthdigat]
| —C 3 a
i A WL I
| —eC,
Center 427.5 VHz 10 kHz/ Span 100 kHz

Date: 11.NOV.2015 10:49:55
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Uplink Intermodulation @ AGC threshold

Frequency of billEst
Frgegérr?c Tone 2 Tone 2 Intermodulati "gﬁrgggalciu Limit Result
quency (MHz) (MHz) on Product (dBm)
(MHz) (MH2) Level
(dBm)
412.5 412.4875 412.5125 412.4625 -25.98 -13 PASS
420.0 419.9875 420.0125 419.9625 -32.93 -13 PASS
427.5 427.4875 427.5125 427.4625 -45.58 -13 PASS
® “RBN 300 Hz Marker 1 [T1 ]
VBN 1 kHz 3333 dBr
Ref 40 dBm “Att 10 dB SANT 1.15 s 412487500000 MHz
40 Offset  40/3 dB 1 > Marker 2 [T1|]
3B.05 dBr
- a2 _sa2s0h000 v IEY
Markér 3 [T1(]
1 P —25_.98 dBr
VAXH -0 4424 Boeo—H=
Marker 4 [T1(] b
—26_82 dBr
-0 7T S3790P000 VHZ
[~ C
e
D1 -13 ¢Bm
IR

!
W
e
[—
el

e Al Wv‘i“'"‘w
—C
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Uplink Intermodulation @ 3dB above AGC threshold

Frequency of billEst
Frgegérr?c Tone 2 Tone 2 Intermodulati "gﬁrgggalciu Limit Result
quency (MHz) (MHz) on Product (dBm)
(MHz) (MH2) Level
(dBm)
412.5 412.4875 512.5125 412.4625 -27.42 -13 PASS
420.0 419.9875 420.0125 419.9625 -32.44 -13 PASS
427.5 427.4875 427.5125 427.5375 -39.59 -13 PASS
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17 Field strength of spurious radiation

17.1 Definitions

Spurious emissions that may be radiated directly from the cabinet, control circuits, power leads, or
intermediate circuit elements under normal conditions of installation and operation.

17.2 Test Parameters

Test Location:
Test Chamber:

Test Standard and Clause:

EUT Operating Frequencies Tested:

Source Modulations:

Source Level:

Deviations From Standard:
Frequency Range Examined:

Measurement BW:

Element Skelmersdale

Radio Chamber (REF940)

TIA 603-D, clause 2.2.12

412.5 MHz 420MHz, 427 .5MHz

CW, 16KOF3E, 11K3F3E, 4K00OF1E
-46.2 dBm (maximum input rating)

None

30 MHz — 5GHz (10 x highest passband)
30 MHz to 1 GHz: 120 kHz

Above 1 GHz: 1 MHz
Up to 1 GHz: quasi-peak
Above 1 GHz: Peak

Measurement Detector:

Environmental Conditions (Normal Environment)

Temperature: 23 °C
Humidity: 42 %RH
Supply: 110 Vac 110Vac +/-10% (as declared)

+15 °C to +35 °C (as declared)
20%RH to 75%RH (as declared)

17.3 Test Limits

Spurious emissions from a signal booster must not exceed -13 dBm within any 100 kHz measurement
bandwidth.

17.4 Test Method

With the EUT setup as per section 9 of this report and connected as per Figure ix and with the EUT’s
antenna replaced by a non-radiating load, the emissions from the EUT were measured on a spectrum
analyzer / EMI receiver. The EUT was rotated in three orthogonal planes and the measurement
antenna height scanned (below 1GHz, from 1 to 4 m; above 1GHz as necessary) in order to maximise
emissions.

The measurements were performed with EUT set at its maximum gain. All modulation schemes, data
rates and power settings were used to observe the worst-case configuration at each frequency.

The EUT was substituted with a known generator and antenna and for the same level achieved at the
analyser, the effective radiated power was recorded.

Pre-scan plots are shown with a peak detector and 100kHz RBW.
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Figure ix Test Setup

EUT
/
Substitution
Antenna

*

Signal
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radiating path

€ - mm e >

Test Setup Photograph(s)

17.5 Test Equipment

Measurement
Antenna

RF
Attenuator

Report Number: TRA-028456-47-00CC

Spectrum
Analyser

Equipment Equipment Element Last Cal Calibration Due For
Description Manufacturer Type No Calibration Period Calibration
Spectrum Analyser R&S FSU46 U281 24/04/2015 12 24/04/2016
Signal Generator R&S SMBV100A REF916 17/02/2015 12 17/02/2016
Bilog Antenna Chase CBL6112/A UH191 26/02/2015 24 26/02/2017
Horn Antenna EMCO 3115 L139 25/09/2015 24 25/09/2017
Pre Amplifier Agilent 8994A L572 10/02/2015 12 10/02/2016
Receiver R&S ESVS10 L317 26/02/2015 12 26/02/2016
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17.6 Test Results
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No Significant Emissions Within 10 dB of Limit

Page 101 of 110




100

90

80

70

60

50

Level in dBuV/m

40

30

20

Report Number: TRA-028456-47-00CC

30M

100

90

50 60

80 100M

200 300

Frequency in Hz

400 500 800 1G

80

70

60

50

Level in dBpV/m

40

30

20

2G

Freguency in Hz

4G 5G

Downlink Middle Frequency; 420.0 MHz

Emission

Frequency
(MHz)

Emission
level
(dBm)

Limit
(dBm)

Margin
(dB)

Result

No Significant Emissions Within 10 dB of Limit

Page 102 of 110




Report Number: TRA-028456-47-00CC

90
85{ FCC_IC TX 30M-1GHz (-13dBm)

80
75
70
65
60
430.000000 MHz
55 50.300 dBuv/m
50

45
N

Levelin dBpV/m

40 \HH\”“
il

35
30T |

L | ok i”“ e
251 i W I
2071 I, '
15T
10T

30M 50 60 80 100M 200 300 400 500 800 1G

Frequency in Hz

RefF 100 dB.vVm - A 5 dB *SWT 500 ms

D1 82_24 dB™

RN RO SOOI AN Nasdatntahtll

Downlink Top Frequency; 427.5 MHz

Emission
level
(dBm)

Limit Margin
(dBm) (dB)

Frequency

(MHz) Result

Emission

No Significant Emissions Within 10 dB of Limit

Page 103 of 110




100

90

80

70

60

50

Level in dBuV/m

40

30

20

30M

100

90

50 60

80 100M

Frequency in Hz

300

800 1G

80

70

60

50

Level in dBpV/m

40

30

20

2G

Freguency in Hz

4G 5G

Report Number: TRA-028456-47-00CC

Uplink Low Frequency; 412.5 MHz
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18 Measurement Uncertainty
For the test data recorded the following measurement uncertainty was calculated:

Radio Testing — General Uncertainty Schedule

All statements of uncertainty are expanded standard uncertainty using a coverage factor of 1.96 to give a 95% confidence
where no required test level exists.

[1] Adjacent Channel Power
Uncertainty in test result = 1.86dB
[2] Carrier Power

Uncertainty in test result (Power Meter) = 1.08dB
Uncertainty in test result (Spectrum Analyser) = 2.48dB

[3] Effective Radiated Power
Uncertainty in test result = 4.71dB
[4] Spurious Emissions
Uncertainty in test result = 4.75dB
[5] Maximum frequency error

Uncertainty in test result (Frequency Counter) = 0.113ppm
Uncertainty in test result (Spectrum Analyser) = 0.265ppm

[6] Radiated Emissions, field strength OATS 14kHz-18GHz Electric Field
Uncertainty in test result (14kHz — 30MHz) = 4.8dB,
Uncertainty in test result (30MHz — 1GHz) = 4.6dB,
Uncertainty in test result (1GHz — 18GHz) = 4.7dB

[7] Frequency deviation

Uncertainty in test result = 3.2%

[8] Magnetic Field Emissions

Uncertainty in test result = 2.3dB

[9] Conducted Spurious

Uncertainty in test result — Up to 8.1GHz = 3.31dB
Uncertainty in test result — 8.1GHz — 15.3GHz = 4.43dB
Uncertainty in test result — 15.3GHz — 21GHz = 5.34dB
Uncertainty in test result — Up to 26GHz = 3.14dB

[10] Channel Bandwidth

Uncertainty in test result = 15.5%
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[11] Amplitude and Time Measurement — Oscilloscope
Uncertainty in overall test level = 2.1dB,

Uncertainty in time measurement = 0.59%,

Uncertainty in Amplitude measurement = 0.82%

[12] Power Line Conduction

Uncertainty in test result = 3.4dB

[13] Spectrum Mask Measurements

Uncertainty in test result = 2.59% (frequency)
Uncertainty in test result = 1.32dB (amplitude)

[14] Adjacent Sub Band Selectivity

Uncertainty in test result = 1.24dB

[15] Receiver Blocking — Listen Mode, Radiated
Uncertainty in test result = 3.42dB

[16] Receiver Blocking — Talk Mode, Radiated
Uncertainty in test result = 3.36dB

[17] Receiver Blocking — Talk Mode, Conducted
Uncertainty in test result = 1.24dB

[18] Receiver Threshold

Uncertainty in test result = 3.23dB

[19] Transmission Time Measurement

Uncertainty in test result = 7.98%

Report Number: TRA-028456-47-00CC
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19 Client Declaration

Technical explanation from client regarding frequency stability.

The wanted signal, mixed with a local oscillator down to an IF frequency where the filtering was done
and then mixed back to original frequency with the same local oscillator. If you do the sums on that
process any drift of the local oscillator cancels out, and the output always equals input frequency. LO
drift has the effect of moving the filter centre frequency with respect to the signal so in an extreme
case it could result in sideband cutting or even tuning to the next channel but still output = input.

In a digital repeater exactly the same thing happens with the up/down converter because the
conversion process to IF is the same.

that drives the synthesisers.

The effect is the same. The exact filter frequency moves but again the drift cancels and always output
= input.
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axell )S‘

WIRELESS

DECLARATION

Element Materials Technology
100 Frobisher Business Park
Malvern

Worcestershire

WR14 1BX

UK

Declaration 2016-28

Ref: NEO51-105SERIES

To whom it may concern

Axell Wireless Ltd states in the User Manual for the booster with FCC ID NEO51-
105SERIES that only suitably qualified, professional people should undertake the
installation of the product.

By only using suitably qualified, professional personnel to install the device,
installation of the antenna can be maintained, ensuring compliance with FCC RF

exposure requirements and FCC rule part §90.219(e)(1) — Ensuring that the Booster
does not exceed the 5W EIRP requirement.

Date: 23/09/2016

Brian Barton
Operations Support
Director

Axell Wireless
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