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Section 1: Introduction

1.1 General

This report contains an assessment of an apparatus against Electromagnetic Compatibility
Standards based upon tests carried out on samples submitted to the Laboratory.

Test performed by: TRaC Global [1]
Unit E
South Orbital Trading Park
Hedon Road
Hull, HU9 1NJ.
United Kingdom.

Telephone: +44 (0) 1482 801801
Fax: +44 (0) 1482 801806

TRaC Global [X]
Unit 1

Pendle Place

Skelmersdale

West Lancashire, WN8 9PN

United Kingdom

Telephone: +44 (0) 1695 556666
Fax: +44 (0) 1695 577077
Email: test@tracglobal.com
Web site: http://www.tracglobal.com
Tests performed by: S Hodgkinson
Report author: S Hodgkinson

This report must not be reproduced except in full without prior written permission from
TRaC Global.
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1.2 Tests Requested By
This testing in this report was requested by :

Axell Wirelesss Limited
Aerial House
Asheridge Road
Chesham
Buckinghamshire

HP5 1TU

1.3 Manufacturer

Axell Wireless Limited
Aerial House
Asheridge Road
Chesham
Buckinghamshire
HP5 1TU

1.4 Apparatus Assessed
The following apparatus was assessed between and 3" March and 10" March 2015

D-SBR 3709S

SMR 900MHz Digital Channel Selective and Band selective repeater.

The D-SBR 3709S digital single band repeater is specifically designed for outdoor and inbuilding
for SMR 900MHz applications.

Technical specifications

Uplink Downlink CER 47 Rule

896.00-901.00MHz 935.00MHz — 940.00MHz Part 90S
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15 Test Result Summary

Full details of test results are contained within Appendix A. The following table summarises the
results of the assessment.

The statements relating to compliance with the standards below apply ONLY as qualified in the
notes and deviations stated in sections 1.6 to 1.7 of this test report.

Full details of test results are contained within Appendix A. The following table summarises the
results of the assessment.

CFR 47 Appendix
Test Type Part 90 inplge ort
Subpart S P
RF Power Output 90.219(e)(1) Al & B1
Inte_rm_odulanon Spurious 90.219(d)(i) A2 & B2
Emissions
Occupied Bandwidth &
Modulation 90.219(e)(4) A3 & B3
Spurious Emissions at
Antenna Terminals Less 90.219(e)(1) A4 & B4
than 1 MHz
Spurious Emissions at
Antenna Terminals 90.219(e)(1) A5 & B5
Greater than 1MHz
Field Strength of 90.219(e)(1) A6 & B6
Spurious Emissions
Passband Gain
& 20dB bandwidth 90.219(d)(7) AT & BT
Frequency Stability 90.213 N/A(note 1)
Transient behaviour N/A N/A(note 2)
Audio Frequency N/A N/A
Response (a)
Modulation Limiting N/A N/A
S|gnql Booster Labelling 90.219(€)(5) N/A
Requirements

Notes:
1 The EUT does not contain modulation circuitry; therefore the test was not performed.
2 The EUT is not a keyed carrier system; therefore the test was not performed.

Abbreviations used in the above table:

CFR : Code of Federal Regulations ANSI : American National Standards Institution
REFE : Radiated Electric Field Emissions PLCE : Power Line Conducted Emissions
A Uplink Results Appendix B Downlink Results Appendix
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1.6 Equipment Test Conditions

Uplink ClassA[ ] ClassB[X]
Product class: -

Downlink Class A[ ] ClassB[X]
Product Use: Specialized Mobile Radio
Emission Designator(s): F1E F3E G1E GXW G7W G7D W7W
Supply Voltages: Vnom +230Vac/110Vac

Note: Vnom voltages are as stated above unless otherwise shown on the test report page

Single channel [1]

Equipment Category: Two channel [1]
Multi-channel [X]

] Wideband Uplink

Channel spacing:
Wideband Downlink
TRaC Global

] Skelmersdale [X]

Test Location
Hull [1]
Other [ ] Please Specify
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1.7 Standard References

47 CFR 2 Code of Federal Regulations, Title 47, Part 2, “Frequency allocations and
Radio Telemetry Matters;
General Rules and Regulations”

47 CFR 90 Code of Federal Regulations, Title 47, Part 90,”Land Mobile Radio Service”
ANSI/TIA-603-C. Land Mobile FM or PM Communications Equipment

KDB 935210 D01 Booster Definitions v02

KDB 935210 D02 Certification Requirements v02

KDB 935210 D03 Signal Booster Measurements v02
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1.8 Notes Relating To Assesment
With regard to this assessment, the following points should be noted:

The results contained in this report relate only to the items tested 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.

Particular operating modes, apparatus monitoring methods and performance criteria required by
the standards tested to have been performed except where identified in Section 1.7 of this test
report (Deviations from Test Standards).

For emissions testing, throughout this test report, “Pass” indicates that the results for the sample
as tested were below the specified limit (refer also to Section 2, Measurement Uncertainty).

Where relevant, the apparatus was only assessed using the monitoring methods and
susceptibility criteria defined in this report.

All testing with the exception of testing at the Open Area Test Site was performed under the
following environmental conditions:

Temperature :17t023°C
Humidity :45t075 %
Barometric Pressure : 86 to 106 kPa

All dates used in this report are in the format dd/mm/yy.

This assessment has been performed in accordance with the requirements of ISO/IEC 17025.

1.9 Deviations from Test Standards

There were no deviations from the standards tested to.




TRaC Global Test Report: TRA-014856-47-01-A

Section 2: Measurement Uncertainty

2.1 Measurement Uncertainty Values
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%

10
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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%

11
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Section 3: Modifications

3.1 Modifications Performed During Assessment

No modifications were performed during the assessment

12
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Appendix A: Uplink Formal Emission Test Results

Abbreviations used in the tables in this appendix:

Spec : Specification ALSR : Absorber Lined Screened Room
Mod : Modification OATS  : Open Area Test Site
ATS . Alternative Test Site
EUT : Equipment Under Test
SE : Support Equipment Ref : Reference
Freq : Frequency
L : Live Power Line
N : Neutral Power Line MD : Measurement Distance
E : Earth Power Line SD : Spec Distance
Pk : Peak Detector Pol : Polarisation
QP : Quasi-Peak Detector H : Horizontal Polarisation
Av : Average Detector \% : Vertical Polarisation
CDN : Coupling & decoupling network

13
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Al

RF Gain and Output Power

Test Details:

Measurement standard

Part 2.1046, 90.219(e)(1)

EUT sample number S01
Modification state 0
SE in test environment None
SE isolated from EUT None
Temperature 25°C
Humidity 20%
EUT set up Refer to Appendix C
Output Gain
Signal Input Level at P Conducted | after 10dB
Input Cable & . .
Frequency | Generator | Cable Spectrum Gain Output input
. Level Attenuator
(MHz) input level | Loss (dBm) Analyser loss (dB) Power level
(dBm) (dB) (dBm) (dBm) increase
(dB)
(dB)
896.100 -65.39 0.60 | -65.99 -15.78 39.9 90.11 24.12 80.11
898.500 -66.59 0.60 | -67.19 -15.82 39.9 91.27 24.08 81.54
900.900 -65.40 0.60 | -66.00 -15.82 39.9 90.08 24.08 80.32

Notes: 1.The signal generator input was increased by 10dBs and the level of the output signal remeasured.

14
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A2 Amplifier Intermodulation Emissions

Test Details:
Measurement standard Part 2.1053, 90.219(d)(i)
EUT sample number S01
Modification state 0
SE in test environment None
SE isolated from EUT None
EUT set up Refer to Appendix C
I
Sig Gen -
9 A 1
I
1
Sig G
19 en B Combiner I D Analyser
i Eutr —— 1
|
Sig Gen '
C I |
: ! +110Vac
L e e e e e e e e et et s 1
. Frequency Level Limit
3 Signals (MH2) (dBm) (dBm)
No Emissions Within 20 dB of the limit -13

Sweep data is shown on the next page:
Results
The EUT was found to comply with the limits

See plots below

15
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Intermodulation Close View
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VBN 100 kHz 35.45 cBn
Ref 34 cBm At 5B ST 10 s

Offet 200 B |

D1 -13 ¢Bn
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Date: 12.MAR.2015 16:39:45

Intermodulation Wide View
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Intermodulation Wide View
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x 1(.63 dar
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C
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. ]
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Center 898.5 Mz 5 Miz/
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9-150kHz

150kHz — 30MHz

RV 1 Kz RBW 10 Kz
VBN 3 Kz VBN 30 Kz
Ref 24 cBm ALt 5B / SWT 500 ms Ref 24 cBm ALt 5B / SWT 500 ms
offfet_30]0 B ] offfet _30l0 B ]
x w
N N
[1 e [1 e
oo oo
™ ™
c c
F-ac F-ac
D1 -13 ¢iBn D1 -13 ¢iBm
2o F-=c
- =
= >
Fc Fac
%W‘Nﬂ\)ﬂi WW Moo
| L Sat) JELTAT NI NN | TR R IO I | Ul vy b A b s A
& L e ] &
o I
Start 9 kiz 14.1 K2/ Stop 150 Kz Start 150 kiz 2.985 Wiz/ Stop 30 Mz
Date: 4.MAR.2015 11:43:49 Date: 4.MAR.2015 11:44:35
*RBN 100 kHz. Varker 1 [T1 ] RBA 100 KHz Marker 1 [T1 ]
VBN 300 Kz 19.44 cn VB 300 Kz —45.63 chr
Ref 24 cBm At 5B SWT 500 ms 897.403846154 Mz Ref 24 cBm At 5B ST 500 ms 1.000000000 G2
offtet 39[0 aB | offtet _30[0 B |
B 2
Lol Lol
o Fao
™ ™
c c
I boac
D1 -13 ¢Em D1 -13 ¢Bm
-2 =2
- =
= x
Fc Fac
b
Dok s s bl bttt o] i R T R S IRt S g VPR VU] YV PN
[0 [
[--ec [-ec
-7 b
Start 0 Mz 97 Miz/ Stp 1 Gz Start 1 Giz 400 MHz/ Stop 5 Gz
Date: 4.MAR.2015 11:45:09 Date: 4.MAR.2015 11:45:28
RBN 100 Kz Narker 1 [T1 ]
VB 300 Kz 45.48 cBr
Ref 24 dBm ‘ALt 5 dB “SNT 500 ms 5.000000000 GHz
Offfet _39[0 B |
[F2C
N
B4 1c
V]
c
-0
D1 -13 ¢Bm
=
=
o
AT PITH PAT YIRS | Y S A ndbii, | TTPTY: 1 1S Moty
e
-7
Start 5 Gt 500 Miz/ Stop 10 Gz

Date:

4.MAR.2015 11:45:49
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A3 Amplifier Modulated Channel Test

Test Details:

Measurement standard

D.3 Policies + Procedures (j) of KDB 935210 D02 Signal Boosters
Certification v02 ,90.219(e)(4)

EUT sample number S01

Modification state 0

SE in test environment None

SE isolated from EUT None

EUT set up Refer to Appendix C

Frequency Modulation Type

Of Operation P14 -
Channel FM C4FM H-DQPSK H-CPM DOPSK Iden
896.100 10.096kHz 8.333kHz 9.871kHz 8.141kHz 21.025kHz 29.006kHz
898.500 10.096kHz 8.525kHz 9.871kHz 8.076kHz 21.089kHz 29.006kHz
900.900 10.096kHz 8.717kHz 9.807kHz 8.076kHz 20.961kHz 28.846kHz

Waveforms applied to selected bands as requested.

18
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C4FM low channel

*RBN 300 Hz Varker 1 [T1 ]
VBN 1 kiz 21.15 dBn
Ref 28 dBm ‘ALt 5 dB *SNT 10 s 896.0128206513 M-z
Offset 39|90 B . BN |8.333334333 Kz

id Terp|1 [T1 oWl

43 an |

o -
W -
1 , L Tetp|2 [T1 O

HT W v‘\ﬁlf o -es |

5016666667 M-z

7
';‘
|~
L]

R i Voo

& |
i LI
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Date: 5.MAR.2015 15:45:04

C4FM mid channel
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C4FM high channel
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H-DQPSK low chann
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H-DQPSK mid channel
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H-CPM low channel
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H-CPM mid channel
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P1/4 -DQPSK high channel

*RBN 300 Hz Varker 1 [T1 ]
VBI 1 Kz 15.56
Ref 28 dBm “Att 5 dB “SANT 10 s 900.985961538 MHz
Offset  39!9 dB OBN 20961538461 KHz
Temp|1 [T1 odw]
[ 1 71 aan [N
9A0.977051282 MHz
L el .WA/{LM o Wbl e |2 11 oy
* v ' 1< 5.06 car
s ™M
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L M Iy,
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L |
20
[ Vi
MW )
A‘ ?WWW \ )
: |
I-eo
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5.MAR.2015 15:35:24
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Iden low channel
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e e Jourdtidvgy L 1
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b
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I
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—
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The above plots depicting the output waveshape show no measurable distortion visible when
compared to the input signal.
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A4 Spurious Emissions at Antenna Terminals Less than 1MHz

Test Details:

Measurement standard Part 2.1053, 90.219(e)(1)

EUT sample number S01

Modification state 0

SE in test environment None

SE isolated from EUT None

EUT set up Refer to Appendix C

. Carrier Max Level @
Mo_(lj_ulaetlon Bandedge Frequency bandedge
yp (MHZ) (dBm)
Lower 896.004550 -14.35
FM
Upper 900.99360 -17.99
Lower 896.004600 -13.69
C4AFM
Upper 900.994170 -14.72
Lower 896.004600 -13.98
H-CPM
Upper 900.994190 -14.74
Lower 896.005000 -14.31
H -DQPSK
Upper 900.993620 -14.75
Lower 896.010700 -14.77
P1/4 DQPSK
Upper 900.988050 -14.17
Lower 896.016636 -14.31
lden

Upper 900.982117 -16.41
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LBE FM UBE FM

*RBN 300 Hz Varker 1 [T1 ]

“RBA 300 Hz Marker 1 [T1 ]
VBN 3 kHz 14.10 dBr VBN 3 kHz 10.96 dBr
Ref 25 dBn ‘At 5 dB SWT 15 s 896.005153846 MHz Ref 25 dBn ‘At 5 dB SNT 14 s 900.992076923 MHz
Offfet 30Jo B Varker 2 [T1]] H Offfef 30Jo B Marker 2 [T1
B =" £ =
-00000¢ 9(1..00000(
Fac =10
[AY - [AV
c c
[F—c
D1 -13 ¢iBm
\ o -
- L
[-ec M
| . Y O T L IR N P A i
- AW P T Ay Y el | T o
AL I kAT L AL L
Certter 895.484 MHz 120 K/ Span 1.2 Mz 120 kiz/ Span 1.2 Mz

Date: 13.MAR.2015 10:24:34 Date: 13.MAR.2015 10:09:00

LBE C4FM UBE C4FM

*RBN 300 Hz Marker 1 [T1 ] *RBN 300 Hz Marker 1 [T1 ]
VBN 3 Kz 13.96 dBr VBN 3 KHz 14.58 dBn
Ref 25 cBm At 5B SWT 15 s 896.0065153846 MHz Ref 25 cBm At 5B SNT 14 s 900.994000000 MHz
Offfet  39(9 B Varker 2 [T1[] | Offet 399 dB Markgr 2 [T1]] |
£ =T £ —T- 7z cEn
a96._00000d0dp Mz | 01000000000 M-z |
R - [L n e

D1 -13 ¢Bm

F-ar

I WW
FAVERPPOR P FORRTONL 1. “‘.‘“‘W M’Nmm fay

L -
HAr Mo (A T -0 T TN VAR A m

Center 895.484 MHz 120 KHz/ Span 1.2 MHz Center 901.444 MHz 120 KHz/ Span

=
E
L£ |
=

:

Date: 13.MAR.2015 10:30:29 Date: 13.MAR.2015 09:39:46

LBE H-CPM UBE H-CPM

RBN 300 Hz Varker 1 [T1 ] * RBW 300 Hz Marker 1 [T1 ]
VBN 3 kHz 12.75 dBr VBN 3 kHz 1 35 dBr
Ref 25 dBm At 5B SWT 15 s 896.0065153846 MHz Ref 25 dBm ‘At 5B SWT 14 s 900.992076923 MHz
Offyet 39]9 dB Marker 2 [T1{] | Offyet 39/9 dB Varigr 2 [T1]
£ —Tp-g8 aaT £ =7 cE

-00000(OdD N

91000000000 MHz|

=1
D1 -13 ¢iBm
£ad T
F-ac L Fac
= L
. ] Py,

| ™
o i ummwMMWW MMW

= - r 1. Lt , __
v | L T P T
120 kHz/ Span 1.2 Mz Center 901.444 MHz 120 kHz/ Span 1.2 Mz

Date: 13.MAR.2015 10:32:12 Date: 13.MAR.2015 09:42:59
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LBE H-DQPSK

*RBN 300 Hz Varker 1 [T1 ]
VBN 3 kHz 11.72 dBrv
Ref 25 dBm ‘At 5 B ST 15 s 896.0065153846 MHz
Offget  39/9 B Varikgr 2 [T1] ]
£ =TT aE
8 .00000¢ N
[1 o aele
™
C
[ —1c
D1 13 ¢Bm
=

BT T i A i

Center 895.484 Mz 120 kHz/ Span 1.2 Mz
Date: 13.MAR.2015 10:34:50
RBN 300 Hz Marker 1 [T1 ]
VBN 3 KHz 8.32 dbr

Ref 25 dBm ALt 5dB “SNT 15 s 896.014769231 MHz

Off$et 39/9 B Varkdr 2 [T1[] ”
e =7 CET|

00000¢
10
c
F-ac
D1 -13 ¢iBm

-z
[ \ TE
I e \
5o M W
-ec MWW
L - PN WYL
TR Y NIRRT T
Center 895.484 MHz 120 kHz/ Span 1.2 Mz

Date: 13.MAR.2015 10:39:43

LBE Iden

RBIN 300 Hz Marker 1 [T1 ]
VBN 3 kHz 7.28 dBr
Ref 25 dBm ALt 5dB “SWT 20 s 896.016636218 Mz
Offset 29|09 dB Markgr 2 [T1[] ”
20 ST oET|
896
1o 7
v
c
F-ac

D1 —13 ¢Bm r

T T Ry e

Start 895 MHz 111.1 kHz/

Stop  896.111 Miz

Date: 10.MAR.2015 12:57:31

UBE H-DQPSK

“RBN 300 Hz
VBN 3 Kz
Ref 23 cBm ‘Att 5B T 20 s
olo e
20
1o
e
& ™
F-ac
2T
e
- gy |
= bl WMWW’\NWW
Certter  901.444 Mz 120 KHz/ Span 1.2 MHz
Date: 12.MAR.2015 17:48:03
RBN 300 Hz Varker 1 [T1 ]
VBU 3 Kz 8.85 car
Ref 25 dBm “Att 5 dB YSANT 14 s 900.988230769 MHz
offfet 0o B Verkfr 2 [T1]1
Es THT7 T

1000000000 MHz|

—13 ¢Bmn

A n |
B L R T TR T

Center 901.444 MHz 120 kHz/ Span 1.2 Mz

Date: 13.MAR.2015 10:01:32

UBE Iden

“RBI 300 Hz varker 1 [T1 ]
VB 3 KHz 6.84 car
Ref 26 dBm ‘ALt 15 B CSHT 20 s 900982117548 MHz
offfet  20[o B Varker 2 [T1]1
ko = :
P )

AT LY SV AEVTTI RUWT T ANV RO

! i
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Date: 10.MAR.2015 13:09:51
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A5 Spurious Emissions at Antenna Terminals Greater than 1MHz

Test Details:
Measurement standard Part 2.1053, 90.219(e)(1)
EUT sample number S01
Modification state 0
SE in test environment None
SE isolated from EUT None
EUT set up Refer to Appendix C
Frequency Frgquency Frgq._of Measured Attenuator & _Spl_Jrious Limit
(MHz) ange Emission Level Cable Losses Emission Level (dBm)
(MHz) (MHz) (dBm) (dB) (dBm)
896.100 -13
898.500 No Significant Emissions Within 20 dB of limit -13
900.900 -13

Limit is determined by the outermost step of the emissions mask and is calculated as follows:

At least 43 + 10 log P dB

(1010gP yats) — (43+1010g (P wags * 1000)) = LIMIT =-13 dBm

Result

The EUT was found to comply with the limits
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9kHz - 150kHz

RBNV 1 kHz
VBN 3 KHz
SWT 500 ms

Ref 25 dBm Att 5 dB

Offset  39/9 dB

[1 il
oo
C
[-ac
D1 13 ¢Bm
-

896.1MHz

150kHz — 30MHz

RBN 10 kHz
VBN 30 kHz
SNT 500 ms

Ref 25 dBm ALt 5 dB

W2 e
e
C
-c
D1 13 ¢Bm
=
-
F-ac

”\“'\[\A\MMWJM&NM A st T sk L e | Y wr » buubsdans]
AL AR 8 RS L] —ac
-7
Start 9 Kiz 14.1 kHz/ Stop 150 kHz Start 150 kiz 2.985 Miz/ Stop 30 Mz
Date: 4.MAR.2015 08:49:36 Date: 4.MAR.2015 08:50:30
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VB 300 Kz 23.68 cin VB 300 Kz
Ref 25 cBm At 5B SWT 500 ms 897403846154 MHz Ref 25 cBm At 5 B SWT 500 ms
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o o
[1 il [1 il
o] o]
c c
F-1c Fac
D1 —13 ¢iBn D1 —13 ¢Bn
= =
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Fac r T
O TR " bl WY TRV 'HYNY/ag SOPTOTY 1o i b A HAUI At il . ot
- L
F-ec F-ec
= -7
Start 0 Mz 97 Miz/ Stop 1 GHz Start 1 Gz 400 MHz/ Stop 5 GHz
Date: 4.MAR.2015 08:51:18 Date: 4.MAR.2015 08:52:21
RN 100 Kz
VBN 300 kHz
Ref 25 cBn At 5B SNT 500 s
offfet [0 B
2
W2 e
e
c
-0
D1 -13 ¢Bm
=
a0
Fac
TSNS PO BT A A A LA b AAB AL A A k-l At A A s o]
I-eo
7o
Start 5 Gz 500 MHz/ Stop 10 Gz

Date: 4.MAR.2015 08:52:45
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9kHz - 150kHz

898.500MHz

150kHz — 30MHz

RBN 1 kHz RBWN 10 KHz
VBN 3 kHz VBN 30 kHz
Ref 25 dBm ALt 5dB SWT 500 ms Ref 25 dBm ALt 5dB SNT 500 ms
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o o
[1 el [ ol
oo oo
c ¢
. Foac
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W“"‘\N/\Mwww R I R i W A gl o A oo
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- -
Start 9 kHz 14.1 kHz/ Stop 150 kHz Start 150 kHz 2.985 \Hz/ Stop 30 MHz
Date: 4.MAR.2015 08:58:15 Date: 4.MAR.2015 08:58:47
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Ref 25 dBm At 5dB SWT 500 ms Ref 25 dBm At 5 dB SWT 500 ms
Offset 39/9 dB Offset 399 dB
P a
W2 10 W= [ac
c ¢
F-ac F-10
D1 —13 ¢iBn 1 -13 ¢Bm
2o =
F-ac F-ao
| = | L pa i/
[TIAUE WATPR T TN e e TR R Py P IO W—MWM Kbl g it Wpdafrboaul sl ins bl
F-sc |50
F-ec F-eo
|- |-
Start 30 MHz 97 MHz/ Stop 1 GHz Start 1 GHz 400 MHz/ Stop 5 GHz
Date: 4.MAR.2015 08:57:38 Date: 4.MAR.2015 08:59:24
RBN 100 kHz
VBN 300 kHz
Ref 25 dBm Att 5 dB SNT 500 ms
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o
W= [ac
e
¢
F-10
D1 -13 ¢Bm
=
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RYETNTERY SRRV WYWTTING ¥ WIRTPP S UBW ROt J| WY TR EYSREAE W JYNRTIWA PRty 12 M0 IO
F-so
F-eo
-0
Start 5 GHz 500 MHz/ Stop 10 GHz

Date: 4.MAR.2015 08:59:52
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9kHz - 150kHz

900.900MHz

150kHz — 30MHz

RBN 1 KHz RBWN 10 KHz
VBN 3 KHz VBNV 30 KHz
Ref 25 dBn Att 5dB SWT 500 ms Ref 25 dBn Att 5B SNT 500 ms
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0 0
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| e [
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[T =2
[F—ac -
F-ac F-ac
% WWWNW)“’W I [ITRRT AV W TR WA
L MMMW"MWWWHWWMWM WYY P TR Y L e YOO T Wbt
e t L A i f —ec
-7 F-7c
Start 9 KHz 14.1 KHz/ Stop 150 kHz Start 150 kHz 2.985 MHz/ Stop 30 Mz
Date: 4.MAR.2015 09:03:55 Date: 4.MAR.2015 09:04:23
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A6 Radiated Electric Field Emissions

Preliminary scans were performed using a peak detector with the RBW = 100kHz. The radiated
electric filed emission test applies to all spurious and harmonic emissions. The EUT was set to

transmit as required.

The following test site was used for final measurements as specified by the standard tested to:

3m open area test site : 3m alternative test site :

X

The effect of the EUT set-up on the measurements is summarised in note (c) below.

Test Details:
Measurement standard Part 2.1053, 90.219(e)(1)
Frequency range 30 MHz - 10 GHz
EUT sample number S01
Modification state 0
SE in test environment None
SE isolated from EUT None
EUT set up Refer to Appendix C
Photographs Appendix F
Frequency I;r:ﬁgsgn ERP/EIRP Limit
(MH2) (MH2) (dBm) (dBm)
896.100 -13
898.500 No Significant Emissions Within 20 dB of limit -13
900.900 -13
Result

The EUT was found to comply with the limits
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Notes:
1. Emissions Checked up to 10 times Fc.

2. The unit was mounted on a turntable and rotated through 360° and in 3 orthogonal
planes to find the worst case emission.

3. For Frequencies below 1 GHz, RBW = 120 kHz, testing was performed with CISPR16
compliant test receiver with QP detector. Above 1 GHz tests were performed using a
spectrum analyser using the following settings:

Peak Detector RBW = 1MHz; VBW = 2RBW

4. Limit is determined as the outermost step of the emissions mask and is calculated as
follows.

At least 43 + 10 log P dB

(10logPyats) — (43+10log (P wars * 1000)) = LIMIT =-13 dBm
The upper and lower frequency of the measurement range was decided according to 47 CFR Part
2.1057.

(@) Where results have been measured at one distance, and a signal level displayed at
another, the results have been extrapolated using the following formula:

Extrapolation (dB)= 20l0gs (measurement d|stanceJ

specification distance

(b) The levels may have been rounded for display purposes.

(c) The following table summarises the effect of the EUT operating mode, internal configuration
and arrangement of cables / samples on the measured emission levels :

See (i) | See (i) | See (iii) | See (iv)

Effect of EUT operating mode on emission levels v
Effect of EUT internal configuration on emission levels v
Effect of Position of EUT cables & samples on emission v
levels

0] Parameter defined by standard and / or single possible, refer to Appendix D

(i) Parameter defined by client and / or single possible, refer to Appendix D

(i) Parameter had a negligible effect on emission levels, refer to Appendix D

(iv) Worst case determined by initial measurement, refer to Appendix D
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896.100MHz

30MHz — 1GHz

Level in dBVIm
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Level in dBuV/m
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Level in dBVIm
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A7 Passband Gain & Bandwidth

Test Details:

Measurement standard

D.3 Policies + Procedures (k) of KDB 935210 D02 Signal Boosters
Certification v02, 90.219(d)(7)

EUT sample number S01
Modification state 0

SE in test environment None
SE isolated from EUT None

EUT set up Refer to Appendix C
BAND fl fh 20 dB Bandwidth
896.00-901.00MHz 895.655000MHz 901.345000MHz 5.690MHz

With the aid of a CW Swept signal generator and spectrum analyser, the bandwidth and frequency
response of the open channel (i.e. at the point where the gain has fallen by 20 dB) is measured.

This measurement shows the gain-versus-frequency response of the open channel from the midband
frequency f, of the channel up to at least f, + 250% of the 20 dB bandwidth.
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“RBW 100 KHz Marker 1 [T1 ]

VBN 300 kHz 23.94 dBr
Ref 27 dBm Attt 5 dB “GANT 45 ms 897 .980000000 MHz
Offfet 39]9 dB v noB [r11  2p.oo oB
-0 BN 5. DOOO VHz
Tenp |1l [T1 ndB] [ A
3.83 dBr
m _J.(_; _Rl—_\mYYYY\ l\/!_llz
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8 ‘!1? Temp |2 [T1 ngiB]
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—C SPT-SA500PO00— =
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20
- _0 B
- 50
--a0
- —70
Center 898.5 MHz 2.5 \Hz/ Span 25 VHz

Date: 6.MAR.2015 10:37:47
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A8 Noise (conducted)

Test Details:
Measurement standard 90.219(d)(ii)(iii)90.219(e)(2)
Frequency range 30 MHz - 10 GHz
EUT sample number S01
Modification state 0
SE in test environment None
SE isolated from EUT None
See Plot below
“RBN 10 kHz Marker 1 [T1 ]
“ VBN 50 kHz -34.62 dBr
Ref -3.7 dBm “AtE 5 dB “SNT 20 s 896000000000 Mz
Offset 6.3 dB Marker 2 [T1|]
- 10 — 62 dBEx
o¢1..00000(ooo M-z | IEY
Marker 3 1
m 20 - I:IS, :_Ilu ciBn
Vo 2. 74674872 MHz
LM
|0 1 2
40

D1 43 ¢Bm

Lt M

[ \
\.

100

Center 898.5 MHz 5 WHz/ Span 50 VHz

Date: 13.MAR.2015 14:29:02

i) In general the ERP of noise within the passband should not exceed -43dBm in a 10 kHz
measurement bandwidth.

iii) In general the ERP of noise on the spectrum more than 1MHz outside of the passband should
not exceed -70dBm in a 10 kHz measurement bandwidth.

39



TRaC Global Test Report: TRA-014856-47-01-A

Whilst the pass band noise is greater than the -43dBm limit by approximately 11dB, the
manufacturer has stated that they mitigate this by using good engineering practice as
follows:-

Compliance with FCC deployment rule regarding the radiation of noise

Good engineering practice must be used in regard to the signal booster’s noise radiation. Thus, the
gain of the signal booster should be set so that the EIRP of the output noise from the signal booster
should not exceed the level of -43 dBm in 10 kHz measurement bandwidth.

In the event that the noise level measured exceeds the aforementioned value, the signal booster gain
should be decreased accordingly.

In general, the ERP of noise on a spectrum more than 1 MHz outside of the pass band should not
exceed -70 dBm in a 10 kHz measurement bandwidth.

The D-SBR 3709S signal booster has a noise level of -51.10 dBm in 10 kHz
measurement at 1 MHz spectrum outside the passband of the signal booster.

It has an in-band noise level at around -32 dBm in a 10 kHz bandwidth

Therefore the noise at the antenna input port should be calculated based on equation (3)

Equation (3) - Input Noise to service antenna

Input Noise to service antenna:
-43 dBm + Service Antenna gain — Antenna splitter losses in dB — cable loss in dBs

Example:

Signal booster connected to 10 service antennas with a 100m long %2 inch cable.
* Losses of such a cable with the connectors = ~ 11dB.
* Gain =~ 2 dBi

Assuming 10 service antennas: antenna splitter losses = 11 dBi
Based on equation (3) Input antenna noise (to the antenna) = -51.1+2-11 -11=-71.1 dBm.
The inband input noise to the antenna should be -32+2 -11-11=-52dbm

NOTE: in this example no external bandpass filter would be required.

Conclusion:

Good engineering practice requires that in general when the out of band noise measured at the

service antenna input is more than -70 dBm per 10 kHz measurement bandwidth, an external band pass
filter should be added to attenuate the out of band noise level .
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As per Part 90.219(e)(2) The noise figure of a signal booster must not exceed 9dB
in either direction.

B Keysight Noise Figure - Noise Figure =R (=
RF 500 AC [ SENSE:INT] [ ALIGN AUTO

Marker 1 896.0000000 MHz DUT: Amplifier

PREAMP ™ Atten: 0.dB Select Marker
Noise Figure Mkr1 896 MHz W
1.0 dBldiv Ref 1.0 dB 2.8195 dB

Ref 50.0 dB

Start Freq 893.50000 MHz Stop Freq 903.50000 MHz
BW 100.0 kHz T cold 296.50 K (Default) Noise Source: Norm Points 21

MKR MODE TRC X A4

4 N [1] 896.0000000 MHz 2.8195 dB
2 INEEN 901.0000000 MHz 2.7793 dB
- |

3 I 0000000 ]
4 1N

MSG STATUS

Max noise figure = 2.8195dB.
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Appendix B:

Abbreviations used in the tables in this appendix:

Spec
Mod

EUT
SE
L

N

E
Pk
QP
Av

CDN

: Specification
: Modification

: Equipment Under Test
: Support Equipment

: Live Power Line
: Neutral Power Line
: Earth Power Line

: Peak Detector
: Quasi-Peak Detector
. Average Detector

: Coupling & decoupling network

ALSR
OATS
ATS

Ref
Freq

MD
SD

Pol
H
Y

Downlink Formal Emission Test Results

: Absorber Lined Screened Room
: Open Area Test Site
: Alternative Test Site

: Reference
: Frequency

: Measurement Distance
: Spec Distance

: Polarisation
: Horizontal Polarisation
: Vertical Polarisation
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Bl RF Gain and Output Power

Test Details:
Measurement standard Part 2.1046, 90.219(e)(1)
EUT sample number S01
Modification state 0
SE in test environment None
SE isolated from EUT None
Temperature 25°C
Humidity 20%
EUT set up Refer to Appendix C
Output Gain
Signal Input | Level at p Conducted after 10dB
nput Cable & . .
Frequency | Generator | Cable L Spectrum Gain Output input
. evel Attenuator
(MHz) input level Loss (dBm) Analyser loss (dB) Power level
(dBm) (dB) (dBm) (dB) (dBm) increase
(dB)
935.100 -54.50 0.40 -54.90 -2.66 39.7 91.94 37.04 81.94
937.500 -53.73 0.40 -54.13 -2.60 39.7 91.23 37.10 81.37
939.900 -53.13 0.40 -53.53 -2.60 39.7 90.63 37.10 80.74

Notes: 1.The signal generator input was increased by 10dBs and the level of the output signal remeasured.
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B2 Amplifier Intermodulation Emissions

Test Details:
Measurement standard Part 2.1053, 90.219(d)(i)
EUT sample number S01
Modification state 0
SE in test environment None
SE isolated from EUT None
EUT set up Refer to Appendix C
................................ :
Sig Gen A I
|
|
Sig Gen B Combiner : D
; EUT ‘ Analyser
|
Sig Gen C I
: |
I S i i +110Vac
Frequency Level Limit
3 Signals (MH2) (dBm) (dBm)
938.333493 -30.26dBm -13.0

Sweep data is shown on the next page:

The middle carrier was swept between the bottom and top carriers until the worse case intermodulation
product was produced.

Results
The EUT was found to comply with the limits

See plots below
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Intermodulation Close View

“RBN 10 kHz Marker 1 [T1 ]
VBN 100 kHz -30.26 dBr
Ref 40 cBm At 5B SNT 10 s 938.333493590 MHz
a Offfet 39|o B

Center 938.3334936 MHz 5 kHz/ Span 50 kHz

Date: 12.MAR.2015 16:54:48

Intermodulation Close View

*RBN 10 Kz Varker 1 [T1 ]
VBN 100 kHz 31.37 B
Ref 40 cBm At 5B SAT 10 s 934997435897 MHz
ac Offset 39|99 B Varkgr 2 [T1(]
1 > 3851 B
o6 esooz(in wee| IFE
Varkgr 3 [T1
%ﬂ . 31}46 dar
Ad I PR
- il i i IV
Marker 4 [T1
atlos dar
Fac - S30TZHIET W
C
-0
D1 -13 ¢Bm
—
=

Center 937.5 MHz 610 kHz/ Span 6.1 Mz

Date: 12.MAR.2015 16:52:35

Intermodulation Wide View

“RBN 10 Kz Verker 1 [T1 ]
VBN 100 kHz 23.78 can
Ref 40 cBn ‘At 5 B ‘SIT 10 s 935000000000 M+z
a offfet |0 B Verkgr 2 [T1]1
2B.42 dBan|
= ods_ceo0zpe1a v I
1 3 Marker 3 [T1(]
1 o T 2B.86 can
x [AVE
Marker 4 [T1(]
-3$.20 dBr
1 s Smecusziitra
c
=
1 -13 ¢Bn
e
=
o
4
L T
0
i l I
o J,J J\L
CeR.
Center 937.5 Mz 5 MHz/ Span 50 Mz

Date: 12.MAR.2015 16:53:41
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9kHz-150kHz 150kHz — 30MHz

RBN 1 KHz “RBN 10 kHz Marker 3 [T1 ]
VBN 3 kHz VBN 30 kHz -36.80 dBr
Ref 33 dBm At 5B SWT 500 ms Ref 33 cBm At 5B SWT 500 s 1.585096154 MHz
= s0lo B verde 1 [rily
| |
2 £y
-3%.75 dBr
N 4.700144231 Mz | PN
£ o Fr
4 1 -3$.66 dBr
= " v 3163701923 Mz|
[[10 ac
[C C
[F—1C [0
D1 -13 ¢iBm D1 -13 ¢Bm
-2 [~
TF e
- R —
. L
MM [ EETTVV SUTVRPAY FRTRORYA FEVRUYYY VYT PV ST YO
holJ4 M AL (T EN R
| po st Jh g I ol |

Start 9 kHz 14.1 kHz/ Stop 150 kHz Start 150 kHz 2.985 MWz/ Stop 30 MHz

Date: 4.MAR.2015 11:16:24 Date: 4.MAR.2015 11:17:24

30MHz — 1GHz 1GHz — 5GHz

RBN 100 kHz Marker 1 [T1 ] RBV 100 kHz
VBN 300 kHz 32.61 dar VBN 300 kHz
Ref 33 dBm ‘ALt 5 dB * SWT 500 ms 936.266025641 MHz Ref 33 dBm “ALt 15 dB Y SWT 500 ms
lo® ] lo® ]
w w
L] L]
P P
© v © v
c c
. Fac
D1 -13 ¢iBm D1 -13 ¢iBm
2o 2o
o o
F-ac F-ac
A
R PO AU TR e TP e e T DUV IO
(ESCSYIOW N VRPN D VTP FPTTRYAY (PYTEPTY: WRPYNY SN PP F TSI KW FOWITTT ies T [~
F-sc F-sc
F-ec F-ec
Start 30 VHz 97 MHz/ Stop 1 GHz Start 1 GHz 400 MHz/ Stop 5 GHz
Date: 4.MAR.2015 11:15:47 Date: 4.MAR.2015 11:18:14

5-10GHz

RBN 100 kHz
VBN 300 kHz
Ref 33 dBm ‘AL 5 dB * SNT 500 ms

D1 -13 ¢Bm

b ek Rmdderon s AT, A RN ks and ]

Start 5 Giz 500 MHz/ Stop 10 GHz

Date: 4.MAR.2015 11:18:56
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B3 Amplifier Modulated Channel Test

Test Details:

Measurement standard

D.3 Policies + Procedures (j) of KDB 935210 D02 Signal Boosters
Certification v02, 90.219(e)(4)

EUT sample number S01
Modification state 0

SE in test environment None
SE isolated from EUT None

EUT set up Refer to Appendix C
Frequency Modulation Type
Of Operation
Channel FM C4FM H-DQPSK H-CPM P1/4 -DQPSK Iden
935.100 10.096kHz | 8.565kHz | 9.679kHz | 8.076kHz 21.153kHz 29.006kHz
937.500 10.096kHz | 8.565kHz | 9.807kHz | 8.012kHz 21.025kHz 28.846kHz
939.900 10.096kHz | 8.461kHz | 9.807kHz | 8.141kHz 21.089kHz 28.846kHz

Waveforms applied to selected bands as requested.
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*RBN 300 Hz Marker 1 [T1 ]
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FM low channel
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C4FM low channel

RBN 300 Hz Marker 1 [T1 ]
VBN 1 kHz 34.64 cern
Ref 37 cBm ‘AL 5 dB ST 10s 935.012948718 Mz
Offget  39(9 dB i OBN (8.525641026 KHz
. AL Tenp|1 [T1 Ofwl
e 19.05 cr | N
T2 945008269231 MHz
1 | [ Tewpl2 1 opg
view [

2].40 dBr
501679872 MHz

ol ArARN

NP iy

‘ Il
iprietl” N | P

Center 935.0125 Mz a WHz/

Date: 5.MAR.2015 14:47:49

C4FM mid channel

“RBN 300 Hz Marker 1 [T1 ]
VBN 1 KHz 33.72 B
Ref 37 cBm At 5B ST 10 s 937.499807692 MHz
Offyet 399 B 1 BN [8.525641026 kHz
- Apfe, Terp|1 [m1 o
1%.72 car [N
97495705128 MHz
1 R T rerplo Fri b
2 2 }
vien 17.96 cenf
o7 .50423769 MHz
> o | M J |

mh A RYKN
\

-0
o l‘“ m
et || “a |
I M“NLW w‘.
LB [ TV OV W
Certer 937.5 Miz 4 Wiz/ Span 40 Kz
Date: 5.MAR.2015 14:44:15
C4FM high channel
RBN 300 Hz Varker 1 [T1 1
VBN 1 Kz 34.92 cen
Ref 37 dBm ‘ALt 5 dB “SANT 10 s 939.987500000 MHz
Offset  39!9 dB OBN (8.461538461 KHz
Lo by Tep|1 [T1 opu]
- /VJ \ 17.79 cen|WN
939.983206128 MHz
? b el pra o
17.78 dBv

“w\‘\ $0_00166(667 Mz

=
I

=
5

Center 939.9875 Mz 4 WHz/ Span 40 kHz

Date: 5.MAR.2015 14:40:59
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H-DQPSK low channel

RBN 300 Hz Narker 1 [T1 ]
VBN 1 Kz 33.16 dBr
Ref 37 cBm “Att 5 dB “SNT 10 s 935.013076923 Mz
Offset  39/9 B 4

A s
B
LT
~
£
I
r il
R

M”‘W\M\I -

Ref 37 dBm

Offset  39/9

N i

Span 40 kHz

Ref 37 dBm

Offset  39/9

Ao il b T
Center 939.9875 MHz a4 Span 40 kHz
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H-CPM low channel

RBN 300 Hz Marker 1 [T1 ]

VBN 1 Kz 33.45 cbn
Ref 37 dBm ‘ALt 5 dB “SAT 10 s 935.012820513 MHz
offfet 39[o B [ BN [8.07692077 Kz
- L bl Tero|1 [T1 o)
X 1 1690 cen | N
935.00846]1538 MHz
1 P inel Te (] il
= B2 +
View uw 17.46 cenf
5016534462 Mz
2 o] T L, VOO

i A

. [
W N, M"« i i

WITATA TR Y
Center 935.0125 MHz a4 kHz/ Span 40 KHz

Date: 5.MAR.2015 14:52:08

H-CPM mid channel

“RBN 300 Hz Marker 1 [T1 ]
VBN 1 KHz 33.90 cBn
Ref 37 cBm At 5B ST 10 s 937.500000000 MHz
offfet 9|0 B BN [8.012820613 Kz
~ Iy o Tem|1 [T1 o)
13364 i [N
947495961538 Mz
S - h rep 2 o
1852 cn|

[=— |8

9f7.508974359 Mz

= O b,

mh AR
iy
/

rudmrapl | b oty

[ S W P ST WY | N FETTY
Center 937.5 Miz 4 kiz/ Spen 40 KHz

Date: 5.MAR.2015 14:55:09

H-CPM high channel

“RBN 300 Hz Marker 1 [T1 ]
VBN 1 kHz 33.11 dBr
Ref 37 cBm ‘At 5B “SNT 10 s 939.989423077 Mz
offfet 0|0 B T BN (8.14102%641 KHz

~ ATILVL AMA’I. Terp|1 [T1 o

17.88 cin |WN

9$9.98346]538 MHz

1 - \ rep 2 o
v 1%.98 dBr

9$9.99160P564 Mz

=

o "

o [
Kg

i b "

WAV )

LSk gl el PV P T
Center 939.9875 Mz 4 kiz/ Span 40 KHz

Date: 5.MAR.2015 14:58:05
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1R
VIEW

2> &
o]

Date:

1R
VIEW

e

Date:

1K
VIEW

Date:

P 1/4 DQPSK low channel

RBN 300 Hz Marker 1 [T1 ]
VBN 1 kHz 28.96 dBr
Ref 37 cBm ALt 5 dB ‘ST 10 s 935.015064103 MHz
offfet 39[o B ‘ ‘ OBN F1.153846154 Kriz
1 Temp(1 [T1 OBA]
[Fae
1%.56 cr | N
945001854974 MHz
T W\u .
- i |2 Fra chu
1y.a1 cen|
5.023012821 Mz
Fac

MDA
bl f

AN

M
ij |

Center 935.0125 Mz

a4 kHz/ Span 40 kHz

5.MAR.2015 15:14:25

P 1/4 DQPSK mid channel

*RBN 300 Hz
VBN 1 kHz
SNT 10 s

Marker 1 [T1 ]
30.15 cBn
937.498717949 Mz
h_o2s64]026 Kz

1 [T
19.69 car [N
57480487179 MHz

2 Fm ooy

At 5B
°om® ‘ BN
Tenp

WWWM\M

i
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e

EL:
57 .51061

11 aen|
321 MHz.

[T N}
‘WW alad )

sgﬁ

1
NN

i Am‘!
Y

937.5 Mz

Center

5.MAR.2015 15:17:12

P 1/4 DQPSK high channel

“RBN 300 Hz Marker 1 [T1 ]
VBN 1 KHz 29.21 dBv
Ref 37 dBm ‘AL 5 dB “SANT 10 s 939.994871795 MHz
Offset  39(9 B OBN 21.08974:
1 Tenp|1l [T1 OB
-
W/\W lm‘H..!' A g 19
9$9.97698;
¥ fluy_op-oresep
x it }
15.49 dBr o™
| I D.998076923 MHz
1c
MMMMW“ A
L o \
| } \ e
- J (
™ \-ww
m MMWJ W
-y
Center 989.9875 Mz 4 KHz/ Span 40 KHz

5.MAR.2015 15:21:15
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Ref 40 cBm

Iden low channel

A i

i)
ey

10 KkHz/

Iden mid channel

RBN 300 Hz
VBN 1 kHz
“SNT 10 s

7514423077

10 kHz/

100 KHz

13

e

k3

1§

Center 939.9 MHz

10 KHz/ Span 100 kHz

The above plots depicting the output waveshape show no measurable distortion visible when

compared to the input signal.
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B4 Spurious Emissions at Antenna Terminals Less than 1MHz

Test Details:

Measurement standard Part 2.1053, 90.219(e)(1)

EUT sample number S01

Modification state 0

SE in test environment None

SE isolated from EUT None

EUT set up Refer to Appendix C

. Carrier Max Level @
Mogula;tlon Bandedge Frequency bandedge
yp (MH2) (dBm)
Lower 935.007000 -14.05
FM
Upper 939.991880 -14.63
Lower 935.005865 -14.14
C4AFM
Upper 939.992600 -14.16
Lower 935.005770 -13.98
H-CPM
Upper 939.993000 -14.81
Lower 935.005700 -14.43
H -DQPSK
Upper 939.99310 -14.28
Lower 935.011335 -14.43
P1/4 DQPSK
Upper 939.987550 -13.95
Lower 935.016506 -14.23
Iden

Upper 939.980326 -16.28
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LBE FM UBE FM

*RBN 300 Hz Varker 1 [T1 ] * RBN 300 Hz Varker 1 [T1 ]
VBN 3 KHz 22.06 B VBN 3 KHz
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e o Wava o
™ ™
T S
c
e % Pl
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Date: 13.MAR.2015 11:15:45 Date: 13.MAR.2015 11:37:25

LBE H-CPM UBE H-CPM

RBI 300 Hz varker 1 [T1 ] RBN 300 Hz Marker 1 [T1 ]
VB 3 KHz 24.96 cBr VBN 3 KHz 25.57 B
Ref 37 dBm “Att 5B SN 15 s 935.005076923 MHz Ref 37 dBm “Att 5B SWT 15 s 939.992153846 MHz
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Center 934.532 Mz 120 KHz/ Span 1.2 MHz Center 940.496 Mz 120 kHz/ Span 1.2 MHz
Date: 13.MAR.2015 11:04:12 Date: 13.MAR.2015 11:44:10
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LBE H-DQPSK UBE H -DQPSK

*RBN 300 Hz Varker 1 [T1 ] * RBW 300 Hz Marker 1 [T1 ]
VBN 3 KHz VBN 3 KHz 25.57 dan
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LBE P1/4 DQPSK UBE P1/4 DQPSK
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LBE Iden UBE lden
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B5 Spurious Emissions at Antenna Terminals Greater than 1MHz

Test Details:

Measurement standard

Part 2.1053, 90.219(e)(1)

EUT sample number S01
Modification state 0

SE in test environment None
SE isolated from EUT None

EUT set up Refer to Appendix C
Frequenc Frequency Freq. of Measured Attenuator & Spurious Limit
(I\(jIHz) y Range Emission Level Cable Losses Emission Level (dBm)
(MHz) (MHz) (dBm) (dB) (dBm)
935.100 -13
937.500 No Significant Emissions Within 20 dB of limit -13
939.900 -13

Limit is determined by the outermost step of the emissions mask and is calculated as follows:

At least 43 + 10 log P dB

(10logP yans) — (43+10l0g (P wars * 1000)) = LIMIT =-13 dBm

Result

The EUT was found to comply with the limits

Note: The plots below are without the use of a notch filter.
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935.100MHz

9kHz - 150kHz 150kHz — 30MHz

RBN 1 Kz RBIN 10 kHz
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9kHz - 150kHz

937.500MHz
150kHz — 30MHz

RBN 1 kHz RBN 10 KHz
VBN 3 KHz VB 30 KHz
Ref 37 dBm Att 5B SWT 500 ms Ref 37 dBm Att 5B SWT 500 ms
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c c
F-ac F-c
D1 -13 ¢iBm D1 -13 ¢Bn
-2 s
F-ac F-ac
F-ac Fac
% byttt A Lottt e At 4
M il o . A i kb whiptrols
M‘WAAWWMW L ALt o Al o Al B
b L e A i [& [
Start 9 Kz 14.1 KHz/ Stop 150 kHz Start 150 Kz 2.985 Miz/ Stop 30 MHz
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B6 Radiated Electric Field Emissions

Preliminary scans were performed using a peak detector with the RBW = 100kHz. The radiated
electric field emission test applies to all spurious and harmonic emissions. The EUT was set to

transmit as required.

The following test site was used for final measurements as specified by the standard tested to:

3m open area test site : 3m alternative test site :

X

The effect of the EUT set-up on the measurements is summarised in note (c) below.

Test Details:

Measurement standard

Part 2.1053, 90.219(e)(1)

Frequency range

30 MHz - 22 GHz

EUT sample number S01
Modification state 0

SE in test environment None
SE isolated from EUT None

EUT set up Refer to Appendix C
Frequency I;r:ﬁgsgn ERP/EIRP Limit
(MHz) (MH2) (dBm) (dBm)
935.100 -13
937.500 No Significant Emissions Within -13
939.900 -13
Result

The EUT was found to comply with the limits

Notes:

1. Emissions Checked up to 10 times Fc.

2. The unit was mounted on a turntable and rotated through 360° and in 3 orthogonal
planes to find the worst case emission.

3. For Frequencies below 1 GHz, RBW = 120 kHz, testing was performed with CISPR16
compliant test receiver with QP detector. Above 1 GHz tests were performed using a
spectrum analyser using the following settings:

Peak Detector

RBW = 1MHz; VBW = 2zRBW

4. Limit is determined as the outermost step of the emissions mask and is calculated as

follows.

At least 43 + 10 log P dB
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(10logP yans) — (43+10l0og (P wars * 1000)) = LIMIT =-13 dBm

The upper and lower frequency of the measurement range was decided according to 47 CFR Part
2.1057.

(&) Where results have been measured at one distance, and a signal level displayed at
another, the results have been extrapolated using the following formula:

Extrapolation (dB)= 20 logsg [measurement dlstanceJ

specification distance

(b) The levels may have been rounded for display purposes.

(c) The following table summarises the effect of the EUT operating mode, internal configuration
and arrangement of cables / samples on the measured emission levels :

See (i) | See (ii) | See (iii) | See (iv)

Effect of EUT operating mode on emission levels v
Effect of EUT internal configuration on emission levels v
Effect of Position of EUT cables & samples on emission v
levels

v) Parameter defined by standard and / or single possible, refer to Appendix D

(vi) Parameter defined by client and / or single possible, refer to Appendix D

(vii) Parameter had a negligible effect on emission levels, refer to Appendix D

(viii) Worst case determined by initial measurement, refer to Appendix D
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Level in dBuV/im
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B7 Passband Gain & Bandwidth

Test Details:

Measurement standard

D.3 Policies + Procedures (k) of KDB 935210 D02 Signal Boosters
Certification v02

EUT sample number S01
Modification state 0
SE in test environment None
SE isolated from EUT None
EUT set up Refer to Appendix C
BAND fl fh 20 dB Bandwidth
935.00MHz — 940.00MHz 934.665000MHz 940.320000MHz 5.655MHz

With the aid of a CW Swept signal generator and spectrum analyser, the bandwidth and frequency
response of the open channel (i.e. at the point where the gain has fallen by 20 dB) is measured.

This measurement shows the gain-versus-frequency response of the open channel from the midband
frequency f, of the channel up to at least f, + 250% of the 20 dB bandwidth.
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“RBN 100 kHz Marker 1 [T1 ]

VBN 300 kHz 37.15 dBr
Ref 39 dBn *Att 5.dB “SNT 45 ms 935.030000000 MHz
Offfet 399 B fmmmim e Armind ndB [T1] 20.00 dB
BN [5.655000000 MHz
3C ferp Tt wiB] N
17.23 dBr
=2 934 665000000 MHz
VA e o HE = Tenp |2 [T1 ndiB]
1 17.19 |
940.320000000 VHz
—acC
- C
10
3B
20
30
g
-850
&0
Center 937.5 VHz 2.5 \Hz/ Span 25 MHz

Date: 6.MAR.2015 11:01:06

67



TRaC Global Test Report: TRA-014856-47-01-A

B8 Noise (Conducted)

Test Details:
Measurement standard 90.219(d)(ii)(iii)90.219(e)(2)
Frequency range 30 MHz - 10 GHz
EUT sample number S01
Modification state 0
SE in test environment None
SE isolated from EUT None
See Plot below
*RBN 10 kHz Marker 1 [T1 ]
“ VBN 50 kHz -34.14 dBr
Ref -3.7 dBm “AtE 5 dB “SNT 4.7 s 935000000000 MHz
Offset 6.3 dB Marker 2 [T1]]
- 10 — (a'alWa =54
940.00000(000 Mz| Y
Marker 3 [T1|]
11 S —49-36-cB
VAXH A1 666666667 MHz
LM
-0 T 2
i AU
[ T —a3 {em ” \\
3
R x\ .
_i:',v',‘/“‘f P2—70—dBm l\%
e L
<0
F2
- 100 E1
Center 937.5 MHz 2.5 MHz/ Span 25 MHz

Date: 13.MAR.2015 14:32:02

i) In general the ERP of noise within the passband should not exceed -43dBm in a 10 kHz
measurement bandwidth.

iii) In general the ERP of noise on the spectrum more than 1MHz outside of the passband should
not exceed -70dBm in a 10 kHz measurement bandwidth.
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Whilst the pass band noise is greater than the -43dBm limit by approximately 11dB, the
manufacturer has stated that they mitigate this by using good engineering practice as
follows:-

Compliance with FCC deployment rule regarding the radiation of noise

Good engineering practice must be used in regard to the signal booster’s noise radiation. Thus, the
gain of the signal booster should be set so that the EIRP of the output noise from the signal booster
should not exceed the level of -43 dBm in 10 kHz measurement bandwidth.

In the event that the noise level measured exceeds the aforementioned value, the signal booster gain
should be decreased accordingly.

In general, the ERP of noise on a spectrum more than 1 MHz outside of the pass band should not
exceed -70 dBm in a 10 kHz measurement bandwidth.

The D-SBR 3709S signal booster has a noise level of -49.38 dBm in 10 kHz
measurement at 1 MHz spectrum outside the passband of the signal booster.

It has an in-band noise level at around -32 dBm in a 10 kHz bandwidth

Therefore the noise at the antenna input port should be calculated based on equation (3)

Equation (3) - Input Noise to service antenna

Input Noise to service antenna:
-43 dBm + Service Antenna gain — Antenna splitter losses in dB — cable loss in dBs

Example:

Signal booster connected to 10 service antennas with a 100m long %2 inch cable.
* Losses of such a cable with the connectors = ~ 11dB.
* Gain =~ 2 dBi

Assuming 10 service antennas: antenna splitter losses = 11 dBi
Based on equation (3) Input antenna noise (to the antenna) = -49.38+2-11 -11=-69.38 dB .
The inband input noise to the antenna should be -32+2 -11-11= -52dbm

NOTE: in this example you may be required to add an external bandpass filter that would attenuate out of
band noise by 1dB.

Conclusion:

Good engineering practice requires that in general when the out of band noise measured at the

service antenna input is more than -70 dBm per 10 kHz measurement bandwidth, an external band pass
filter should be added to attenuate the out of band noise level .
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As per Part 90.219(e)(2) The noise figure of a signal booster must not exceed 9dB

in either direction.

BE Keysight Noise Figure - Noise Figure
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Appendix C: Additional Test and Sample Details
This appendix contains details of:

1. The samples submitted for testing.

2. Details of EUT operating mode(s)

3. Details of EUT configuration(s) (see below).
4. EUT arrangement (see below).

Throughout testing, the following numbering system is used to identify the sample and it's
modification state:

Sample No: Sxx Mod w
where:

XX = sample number eg. SO01

w = modification number eg. Mod 2

The following terminology is used throughout the test report:

Support Equipment (SE) is any additional equipment required to exercise the EUT in the
applicable operating mode. Where relevant SE is divided into two categories:

SE in test environment: The SE is positioned in the test environment and is not isolated from the
EUT (e.g. on the table top during REFE testing).

SE isolated from the EUT: The SE is isolated via filtering from the EUT. (e.g. equipment placed
externally to the ALSR during REFE testing).

EUT configuration refers to the internal set-up of the EUT. It may include for example:

Positioning of cards in a chassis.
Setting of any internal switches.
Circuit board jumper settings.
Alternative internal power supplies.

Where no change in EUT configuration is possible, the configuration is described as “single
possible configuration”.

EUT arrangement refers to the termination of EUT ports / connection of support equipment, and
where relevant, the relative positioning of samples (EUT and SE) in the test environment.

For further details of the test procedures and general test set ups used during testing please refer
to the related document "EMC Test Methods - An Overview", which can be supplied by TRaC
Global upon request.
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Cl) Test samples

The following samples of the apparatus were submitted by the client for testing :

Sample No. Description

S01 D-SBR 3709S (SMR 900 Digital Channel Selective and Band selective repeater)
Sample No.

S01 Hardware revision number B

S01 Software revision number 5.9.5
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C2) EUT Operating Mode During Testing.

During testing, the EUT was exercised as described in the following tables :

Test Description of Operating Mode:

All tests detailed in this report EUT active, operating at maximum gain and output power
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C3) EUT Configuration Information.

The EUT was submitted for testing in one single possible configuration.
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C4) List of EUT Ports

The tables below describe the termination of EUT ports:

Sample : S01
Tests : Conducted
Port Description of Cable Attached Cable length | Equipment Connected
Network port Ethernet Cable 3M Test PC
Sample 1 S01
Tests : Radiated Emissions
Port Description of Cable Attached Cable length | Equipment Connected
Network port Ethernet Cable 3M Test PC
Power Multi core 1.5m AC Mains
Output ports 50 Q Dummy Load 1.5m N/A
Input ports N-N coax cable 1.m Signal generator

* Only connected during setup.
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C5 Details of Equipment Used

TRaC Equipment Equipmgnt Manufacturer Last Cgl Due For
No Type Description Cal Period Cal
L352 ESVS10 Receiver R&S 21/03/2014 12 21/03/2015
UH093 CBL6112B Bilog Chase 08/07/2013 24 08/07/2015
REF909 FSU26 Spectrum Analyser R&S 13/02/2015 12 13/02/2016
L138 3115 1-18GHz Horn EMCO 17/10/2013 24 17/10/2015
L139 3115 1-18GHz Horn EMCO 20/09/2013 24 20/09/2015
L572 8449B Pre Amp Agilent 10/02/2015 12 10/02/2016
REF916 SMBV100A Signal Generator R&S 17/02/2015 12 17/02/2016
REF940 ATS IC Reg Radio Chamber - PP | Rainford EMC | 19/11/2014 36 19/11/2017
REF976 34405a Multimeter Agilent 19/05/2014 12 19/05/2015
REF828 50140 Tunable bandstop filter K&L Cal in use
REF 844 E4438C VSG Agilent 28/03/2014 12 28/03/2015
UH253 1m N type Cable TRaC Cal in use
UH271 1.5m N type Cable TRaC Cal in use
UH273 2m N type Cable TRaC Cal in use
TRLUH225 100W 20dB Attenuator Spinner Cal in use
TRL135 2W 3dB Attenuator Huber Suhner Cal in use
TRL222 10w 10dB Attenuator Bird Cal in use
TRL246 10W 6dB Attenuator Bird Cal in use
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Appendix D: Additional Information

No additional information is included within this test report.
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Appendix E: Photographs and Figures

The following photographs were taken of the test samples:

1. Radiated electric field emissions arrangement
2. Radiated electric field emissions arrangement
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Photograph 1
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Photograph 2
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