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Statement

1. The report is invalid without "special seal for inspection and testing"; some copies are invalid; The report is
invalid if it is altered or missing; The report is invalid without the signature of the person who prepared,
reviewedand approved it.

2. The sample information is provided by the client and responsible for its authenticity; The content of the report
is only valid for the samples sent this time.

3. When there are reports in both Chinese and English, the Chinese version will prevail when the language
problems are inconsistent.

4. If there is any objection concerning the report, please inform us within 15 days from the date of receiving the
report.

5. Without the agreement of the laboratory, the client is not authorized to use the test results for unapproved
propaganda.

6. The test report without CMA approval mark is only used for scientific research, teaching, internal quality

control and other purposes.
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1. Applicant information
1.1. Client information

Name:

Address:

Comba Telecom Network Systems Limited

Flat/Rm 10, 3/F, Bio-Informatics Ctr, 2 Science Park West Avenue, HK Science
Park, Pak Shek Kok, N.T. Hong Kong

1.2. Manufacturer and Factory

Name:

Address:

Factory:

Address:

Comba Network Systems Company Limited

No.10 Shenzhou Road, Guangzhou Science City, Guangzhou 510663, Guangdong,
P.R. China

Comba Telecom Technology (Guangzhou) Ltd.

No.6 Jinbi Road, Economics and Technology Development District, Guangzhou
Guangdong China

2. General description of EUT
2.1. Basic description of EUT

Product Name:

Product Model:

Adding Model:

Trade Name:

Power Supply:

Power cord:

Frequency Band:

Nominal Output
Power:

Nominal Gain:

EUT Operating
Temperature:

Operating Humidity:

Antenna Type:

Public Safety UHF DAS Remote Unit
RH45V2F-A-48
RH45V2F-A-AC

Comba

Typical DC input power: DC -48V and Typical output power: DC -28V
Or
Typical AC input power: AC 110V, 50/60Hz and Typical output power: DC -28V

AC power cord (4m)

Downlink: 450MHz ~ 512MHz, Uplink: 450MHz ~ 512MHz

Master Unit and System:
Downlink: 36dBm; Uplink: 30dBm

Master Unit:
Downlink: 102dB, Uplink: 102dB
System Gain:
Downlink: 105dB, Uplink: 102dB

-33C to +55C

5% to 95%
N/A

NOTE 1: The device is a Narrowband device, which belongs to Class A signal booster.
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NOTE 2: The device provides two PSU power supply modes by manufacturer's statement, one Typical is
DC-48V input, the other Typical is AC 110V, 50Hz / 60Hz input. Except for the different PSU power
supply mode input and arrester, the power supply output to the device is the same, all other electrical
parameters have the same circuit schematic, components, cirtical components and also the same
construction. please see the following the differences below:

~ PSU power

NOTE 3: The device is an outdoor device, the device does not provide antenna by Manufacturer's statement,
butit is required that the Antenna gain shall not exceed 0 dBi for Downlink and Uplink when the
project is used by Manufacturer's statement.

NOTE 4: In this report, the main model has been tested, while the additional model has tested:Mean power and
amplifier/booster gain, conducted spurious emissions and radiated spurious emissions.

NOTE 5: According to the device signal flow, the device supports independent uplink input and downlink output.
Therefore, this report provides system downlink test.

NOTE 6: According to the system configuration provided by the manufacturer, the minimum configuration of
the system test is 1 MU, 1 FOU and 1 RU.

MU means Master Unit; FOU means Optical Expansion Unit; RU means Remote Unit;
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2.2. Test signal modulation description
According to FCC PART 2.202 (g), Table of necessary bandwidths follow:
2.2.1. Analog signals
e . M R D K .

Emission o Modulation . o . S Bandwidth Necessary
. Description (modulaition | (Rate, | (Deviation, | (numeric . .
Designator type (Symbols) Calculation Bandwidth

Freq, kHz) baud) kHz) constant)
Narrowband
4KOOF1E | Analog FM FM 1.0 - 1 1.0 - Bn=2M+2DK 4.0
Voice
Narrowband
11KOF3E | Analog FM FM 3.0 - 25 1.0 - Bn=2M+2DK 11.0
Voice
Wideband
16KOF3E | Analog FM FM 3.0 - 5.0 1.0 . Bn=2M+2DK 16.0
Voice
2.2.2. Digital signals
Emission Modulation & X B < S Necessary
. Description (modulaition (Rate, (Deviation, (numeric Bandwidth Calculation .
Designator type Freq, kH2) baud) kH2) constant) (Symbols) Bandwidth
P25 Phase |
8K10F1E C4FM Voice 4FSK - 9600 18 0.916 4 8.1
P25 Phase |
8K10F1D C4FM Data 4FSK -- 9600 1.8 0.916 4 Bn=(R/10g,S)+2DK 8.1
P25 Phase Il
8K10F1W H-CPM 4FSK - 9600 18 0.916 4 8.1
Voice/Data
P25 Phase Il
9KB8OF1E H-DQPSK QPSK . 12000 - 0.817 4 9.8
Voice Bn=2RK/log,S
P25 Phase 11
9K80F1D H-DQPSK Data QPSK -- 12000 -- 0.817 4 9.8

NOTE: In the above test signal modes, the typical signal and the worst mode signal are used as representatives in

this test. the specific test signal types are as follows:

Emission Descrinti Modulation dNII L . D < . S Bandwidth Necessary
Designator escription type (modulaition (Rate, (Deviation, (numeric (Symbols) Calculation Bandwidth
Freq, kHz) baud) kHz) constant)

Narrowband
4KOOF1E | Analog FM FM 1.0 - 1 1.0 - Bn=2M+2DK 4.0
Voice
Narrowband
11KOF3E | Analog FM FM 3.0 . 2.5 1.0 - Bn=2M+2DK 11.0
\oice
Wideband
16KOF3E | Analog FM FM 3.0 - 5.0 1.0 - Bn=2M+2DK 16.0
Voice
P25 Phase |
8K10F1D C4FM Data 4FSK - 9600 1.8 0.916 4 Bn=(R/log,S)+2DK 8.1
P25 Phase 11
9K80F1D H-%QtPSK QPSK - 12000 - 0.817 4 Bn=2RK/log,S 9.8
ata
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2.3. Signal Booster control process
2.3.1. System block

RU 2W DL Power

Donor Antenna MU (TX/RX combined)

Battery Backup Unit

H .
Up to 8 Remote Units 55AH/60AH version

RU 2W DL Power
(TX/RX combined)

To Service Ant
2W DL power

Battery Backup Unit
(TX/RX combined) attery Backup Uni

YptoBRemotalints  ToService At 55AH/60AH version

Up to 8 Remote Units

Battery Backup Unit
55AH/60AH/100AH version Up to 8 Remote Units

Figure 2.3-1 System block diagram

2.3.2. Signal control process

In the downlink path, the BTS signals are received by the donor antenna that is connected to the Master Unit.
After the duplexer, the signals are sent to the LNA module for pre-amplification and to the digital RF integrated
module for digital filtering and frequency conversion. Then the DL signals will be filtered via the duplexer, and
then sent to the Expansion Unit(s), the RF signal is converted into an optical signal and then distributed to the
Remote Unit(s) to over optical fiber. After amplification by the RU, the signals are transmitted at the MT port to
the service antenna infrastructure.

In the uplink path, the mobile signals are received by the service antenna. After passing through the MT port
duplexer, the signals are sent to the LNA and the integrated module for digital filtering, then the UL signals will
be sent to the Expansion Unit(s), the RF signal is converted into an optical signal and then distributed to the
Master Unit for filtering by the duplexer and power amplification. Finally, the uplink signals are sent to the
donor antenna for transmission back to the BTS.
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2.4. Description of Master Unit, Optical Expansion Unit, and Remote Unit connection port

Figure 1 MU, FOU and RU system test connection diagram

NOTE 1: Both port @ and port 3 of MU device need to power loads.
NOTE 2: The solid line means downlink and the dotted line means uplink.
NOTE 3: If it is both a single device and a system, the single machine and the system can be combined together.

Signal Cable
Generator |
|
MT/DL IN Dlg I
|
MT/DLOUT@D UL|N®D<——J
uLIN@ r———OQo@uL Fiberotptic
I u&o—c iber optic
ULOUT@J——I | @ 0] bort
| DL
N opfer— [0 a
| MT/DL OUT
j_r\_ .
ouT © I Optical
| Expansion -
Master [ Unit(Fou) Remote Unit
Unit(Mu) I (RU)
|
|
|
Cable
analyzer
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3. Related documents

FCC PART 2 (2020)

FCC PART 90 (2020)

KDB 935210 D05 Indus Booster Basic Meas v01r04

KDB 935210 D02 Signal Boosters Certification v04r02

KDB 971168 D01 Power Meas License Digital Systems v03r01
ANSI/TIA 603-E-2016

ANSI/TIA-102.CAAA-E-2016

ANSI C63.26-2015
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4. Test result summary

Page 12 of 209

Test Item Test Requirements Test Method Reported N/A
KDB 935210 D02 APPENDIX
Test Frequency D/Table D.3, FCC PART 2.1057, |/ Reported only
ANSI C63.26-2015 Clause 5.1.2
Input Signals KDB 935210 D05 clause 4.1 / Reported only
AGC Threshold KDB 935210 D05 clause 4.2 / Reported only
KDB 935210 D05 clause 4.3
Out of Band Rejection FCC PART 90.219 (a) g?uiegj?lo D05 rad
FCC PART 90.219 (d)((7) '
KDB 935210 D05 clause 4.4
mavsoup | RSt oig | QRSO
FCC PART 90.219 (e)(4)(ii) '
Mean power and KDB 935210 D05 clause 4.5 KDB 935210 D05 o
amplifier/booster gain FCC PART 90.219 (e)(1) clause 4.5
— KDB 935210 D05 clause 4.6 KDB 935210 D05
Noise Figure FCC PART 90.219 (¢)(2) clause 4.6 X
KDB 935210 D05 clause 4.7.2
Out-of-band/out-of-block | FCC PART 2.1051 KDB 935210 D05 ”
emissions FCC PART 90.219 (d)(6)(i) clause 4.7.2
FCC PART 90.219 ()(3)
. KDB 935210 D05 clause 4.7.3
Comduedspoions | FeC pp 2105 om0 |
FCC PART 90.219 ()(3) o
KDB 935210 DO5 clause 4.8
Frequency stabilit FCC PART 2 1055(a)(2) KDB 935210 D05/4.8 x
quency y FCC PART 90.213 and 90.539 FCC PART 2 1055(b)
FCC PART 90.219 (e)(4)(i)
KDB 935210 D05 clause
4.9
Radiated spurious KDB 935210 D05 clause 4.9 ANSIC63.26-2015/5.5
- FCC PART 2.1053 a$
emissions FCC PART 90.219 (¢)(3) ANSI/TIA 603-E-2016
' ANSI/TIA-102.CAAA-E-
2016

NOTE: X mean that test needs to be performed.
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5. About Signal Booster

According to the basic information of EUT (the device is a broadband device) and FCC part
90.219 (a) and KDB 935210 D02 APPENDIX A3.1 rules, this EUT belongs to PART 90 class B
Industrial signal booster and it is a non SMR.
5.1. KDB 935210 D02 APPENDIX A3.1

A3.1 Signal Booster (Section 90.219)

A Signal Booster (Section 920.219) is a device or system that automatically receives, amplifies, and
retransmits signals from wireless stations into and out of building nteriors, tunnels, shielded outdoor
areas and other locations where these signals would otherwise be too weak for reliable communications.
Signal booster systems may contain both Class A and Class B signal boosters as components.

[Section 90.21%a)]

All Section 90.219 boosters are a type of Industrial Signal Booster, and are classified as either Class A
boosters (narrowband) or Class B boosters (wideband).[R11] [Order,¥ 15]

Note also that Consumer Signal Boosters are not defmed for PLMRS or PSRS because licensees are
considered to operate private services. Part 90 PLMR licensees typically obtain authorizations for
ndividual narrowband channels or groups of channek to satisfy ther own communication needs.
Moreover, many Part 90 channels are interleaved and a licensee’s channels may not be adjacent to one
another, which presents unique considerations for signal boosters used with Part 90 PLMR. services.
[Order,q 144]

channels. A signal booster is deemed to be a Class A signal booster if none of its passbands exceed

a) Class A signal booster: A signal booster designed to retransmit signals on one or more specific
75 kHz. [Section 90.219(a)]

b) Class B signal booster: A signal booster designed to retransmit any signals within a wide
frequency band. A signal booster is deemed to be a Class B signal booster if it has a passband that
exceeds 75 kHz [Section 90.219{a)]

Class B signal boosters may be deployed only at fixed locations; mobile operation of Class B signal
boosters is prohibited (after November 1, 2014). [Section 90.219(d)(4)]

5.2. FCC part 90.219 (a) Definitions

§90.219 Use of signal boosters.

This section contains technical and operational rules allowing the use of signal
boosters in the Private Land Mobile Radio Services (PFLMRS). Rules for signal booster
operation in the Commercial Mobile Radio Services under part 90 are found in §20.21 of
this chapter.

aittps el govicgl- binfext-idx ?SID=2097cbedceBabbd4401 2025530ad40058m c=truednode=pt47 .5 20&rgn=divs

200615 Electronic Coda of Federal Regulations (eCFR)

(a) Definitions. The definitions in this paragraph apply only to the rules in this
section.

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

Class B signal booster. A signal booster designed to retransmit any signals within a
wide frequency band. A signal booster is deemed to be a Class B signal booster if it has a
passband that exceeds 75 kHz.
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6. Test modes

Test modes

TX mode:

For MU device, “DT/DL IN” port of Master Unit (MU) is connected to the signal generator,
“MT/DL” port is connected to the spectrum analyzer through attenuator, and the power of
the EUT s turned on and signal is sent. while the system test, “MT / DL” port of MU is
connected to the signal generator, and the “OUT1” port of MU is connected to "DL1" port of
FOU through cable, then connected to RU through optical fiber from the optical port of
FOU, output from “MT/DL” port of RU, and connected to the attenuator to the spectrum
analyzer through cable, and the power of the EUT is turned on and signal is sent.

RX mode:

“UL IN” port of Master Unit (MU) is connected to the signal generator, “UL OUT” port is
connected to the spectrum analyzer through attenuator, and the power of the EUT is turned
on and signal is sent, while the system test, the Uplink signal is input from the "UL IN" port
of the Remote Unit (RU), transmitted through the optical fiber to the Optical Expansion Unit
(FOU), output from the port "UL1" to the "IN1" of Master Unit (MU), and the signal is
output from the Master Unit(MU) "UL OUT" port
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7. Laboratory

The tests & measurements refer to this report were performed by Shenzhen EMC Laboratory of Guangzhou
GRG Metrology & Test Co,. Ltd.

Add. - No0.1301 Guanguang Road Xinlan Community, Guanlan Street, Longhua District Shenzhen,
518110, People’s Republic of China.

P.C. © 518110

Tel © 0755-61180008

Fax : 0755-61180008

8. Measurements uncertainty

Where relevant, the following measurement uncertainty levels have been estimated for tests performed on
the EUT as specified in CISPR 16-4-2:

Measurement Frequency Uncertainty
Horizontal 30MHz~1000MHz 4.3dB
Horizontal 1GHz~18GHz 5.6dB
Radiated Emission
Vertical 30MHz~1000MHz 4.3dB
Vertical 1GHz~18GHz 5.6dB
Measurement Uncertainty
RF frequency 610
RF power conducted 0.78dB
Occupied channel bandwidth 0.4%
Unwanted emission, conducted 0.68dB
Humidity 6%
Temperature 2°C

Note: This uncertainty represents an expanded uncertainty factor of k=2.
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9. Equipments used during test

Page 16 of 209

Name of Equipment Manufacturer Model Serial Number Cal::t))Laetion
Signal Generator Agilent E4438C MY49072994 2022-05-15
Signal Generator Agilent E4432B MY43350133 2022-05-07
Signal Generator Agilent E5182A MY48180411 2022-10-12

Vector Signal Generator R&S SMBYV 100A 260996 2022-01-21
Signal Generator R&S SMB 100A 109290 2022-01-11

Spectrum analyzer R&S FSV30 104381 2022-02-21

Spectrum analyzer R&S FSV30 103264 2022-10-31

Spectrum analyzer Agilent N9020B MY59050667 2022-02-21

Spectrum analyzer Agilent N9020A MY51285942 2022-05-15

Power splitter WEINSCHEL 1580 SL767 2022-03-02
SNS Series Noise Source Agilent 346B MY44422241 2022-05-15
NFA Series Noise Figure Agilent N8973A MY45071191 2022-07-21
Analyzer
DC power supply YISheng YSRLD-605 2015052010 2022-09-03
Frequency meter Suin SS7300 6E5042026 2022-04-23
Voltage regulator Qingdaogingzhi TDGC2J-5 GRGTAG2013026 /
Digital multimeter Fluke F15B+ 44750292WS 2022-01-13
Isolator CIL Mloa%beg(l)l(\)/l NOO 100680905 /
Isolator CIL MlO(i%I(_)CECS)%)I(\)/I NOO 100680906 /
Attenuation Sha)’:?afgh”a DTS50-30dB-4G 54451395 /
Attenuation Sha)r('?ar:]a;h”a DTS50-40dB-4G 11042234 /
Temp & Humidity Deli / 013545 2022-06-07
chamber
Radiated emissions
Receiver R&S ESU26 100526 2022-08-20
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Receiver R&S ESU40 100106 2022-10-10
Bi-log Antenna Schwarzbeck VULB 9160 9160-3402 2022-10-27
Bi-Log Antenna ETS-lindgren 3142C 75971 2022-12-14
Horn Antenna Schwarzbeck BBHA9120 100309 2022-09-11
Horn Antenna ETS 3117C 00075824 2022-01-21
Broadband Amplifiers Schwarzbeck BBV9718 00246 2022-08-16
Semi-anechoic chamber  |ETS-lindgren 966(RFD-F/A-100) 3730 2022-09-19
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10. Radio technical requirement specification
10.1. Test Frequencies
Test requirement: KDB 935210 D02 APPENDIX D/Table D.3

FCC PART 2.1057
ANSI C63.26-2015 Clause 5.1.2

10.1.1. Requirements
According to FCC regulations, FCC part 2.1057, ANSI C63.26-2015 clause 5.1.2 and KDB
935210 D02 Appendix D / table D.3 have relevant frequency band requirements.

(1) FCC PART 2.1057

§2.1057 Frequency spectrum to be investigated.

(a) In all of the measurements set forth in §52.1051 and 2.1053, the spectrum shall be investigated from
the lowest radio frequency signal generated in the equipment, without going below 9 kHz, up to at least the
frequency shown below:

(1) If the equipment cperates below 10 GHz: to the tenth harmonic of the highest fundamental frequency
or to 40 GHz, whichever is lower.

(2) If the equipment operates at or above 10 GHz and below 30 GHz: to the fifth harmonic of the highest
fundamental frequency or to 100 GHz, whichever is lower.

(3) If the equipment operates at or above 30 GHz: to the fifth harmaonic of the highest fundamental
frequency or to 200 GHz, whichever is lower.

{b) Particular attention should be paid to harmonics and subharmonics of the carrier frequency as well as
to those frequencies removed from the carrier by multiples of the oscillator frequency. Radiation at the
frequencies of multiplier stages should also be checked.

() The amplitude of spuriocus emissions which are attenuated more than 20 dB below the permissible
value need not be reported.

{d) Unless otherwise specified, measurements above 40 GHz shall be performed using a minimum
resolution bandwidth of 1 MHz.
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(2) ANSI C63.26-2015 Clause 5.1.2

5.1.2 Number of fundamental frequencies to be tested in EUT transmit band

5.1.2.1 General requirement
Measurements of transmitters shall be performed and, if required, reported for each frequency band in
which the EUT can be operated with the device transmitting at the number of frequencies in each band

specified in Table 2.

¥ See 47 CFR 2.1057.

23
Copyright © 2016 IEEE. All rights reserved.

Authorized licensed use limited to: University of Waterloo. Downloaded on April 08,2016 at 00:41:03 UTC from |EEE Xplore. Restrictions apply.

ANSI| C63.26-2015
American National Standard for Compliance Testing of Transmitlers Used in Licensed Radio Services

Table 2—Number of frequencies to be tested

Frequency range over SVRRISEK OF Location in frequency range of operation
which EUT operates frequencies 3

| MHz or less 1 Middle

| MHz to 10 MHz | 2 | mear top and 1 near bottom

More than 10 MHz 3 | near top, | near middle, and 1 near botlom

(3) KDB 935210 D02 APPENDIX D/Table D.3

Table D.3 — Various Part 90 PLMRS band allocations, rule parts/sections, and service types for
Section 90. 219 purposes (for info only —see rules for details, also KDB Publication 634817 [R14])

Fu (MHz) Fo (MHz) | Rule(s) Misc. Notes
150 - 150.05 Federal (non-FCC)
150.05 - 1508 90.265
150.8 - 162.0125 G0
162.0125 — 1732 90.265
173.2 — 173.4 o0
1734 - 174 Federal (non-FCC)
406.1 — 420 90.265
420 - 421 ULS presently shows no licensees for 420-420.9 MHz
421 - 430 90

00 (selected bands)

470 - 512 o0

,46 — '!'5"! Z7 0 > 2irnotavailable

737 - 758 27.5(b)( 1) Block A; 90not available

758 — 768 U0-R, Public Safety {PS) Broadband (FirstNet) BYB(LTE)
TR - TH9 'S Guardband

769 - 775 PS5 Narrowband

773 - 776 27.5(b)( 2) Block B; 90 not available

776 —  TRT 27.5(b)( 3) Block C; 90 not available

TET - TRE 27.5(b)( 1) Block A; 90not available

788 — 798 90-R, Public Safety (PS) Broadband ( FirstNet) BYB(LTE)
798 - 799 PS Guardband

799 - HOS PS5 Narrowband

805 - BO6 27.5(b){2) Block B; 90 not available

806 809 90 NPSPAC (PS) [90.61 T)(1)] BOB/BY A

D e T DT R B ey

The EUT will utilize bands: 450MHz ~ 512MHz
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10.1.2. Result
This project is only reported and checked, the frequency range of this EUT meets the
above regulatory requirements.
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10.2. Input Signals

Test requirement: KDB 935210 D05 clause 4.1

10.2.1. Requirements

According to FCC regulations, KDB 935210 D05 clause 4.1 have relevant input signals
requirements.

The procedures in this clause are specific to EUTs intended for operating in the Private Land Mobile
Radio Services (PLMRS) and Public Safety Radio Services (PSRSY, which are governed under the
provisions and requirements of the Part 90 rules (1.e., Section 90.219 applies).

Table 1 depicts signal types associated with PLMRES operations, which are to be considered as test signals
to be used in performing compliance testing on PLMRS amplifiers, repeaters, and industrial boosters.
Mot all of the procedures in this clause will require using each of the signals listed in Table 1, because for

* As explained in § 90.16, Public Safety Radio Services is part of the Public Safety Radio Pool, also known as the
Public Safety Pool.

many EUTs a CW tone can adequately model the narrowband signals typically encountered within these
services. For EUTs supporting digitally modulated signals, the intended operating signal types should be
tested (e.g., P25 Phase 1, P25 Phase 2, TETRA, etc.), especially for PSRS devices. Devices intended for
use in 700 MHz Public Safety Broadband spectrum shall be tested using a representative band -limited
AWGN signal (99 % OBW of 4.1 MHz) or the applicable signal type (e g., LTE).

Table 1 —Test signals for PLMRS devices

Emission Modulation Occupied Channel Audio
Designator | - Bandwidth | Bandwidth Frequency
16KO0F3E FM 16 kHz 25kHz 1 kHz
11K3F3E FM 11.3 kHz 12.5 kHz 1 kHz
4K00F1E FM 4 kHz 6.25 kHz 1 kHz

N/A Cw MN/A N/A N/A

10.2.2. Result
This project is only reported and checked.
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10.2.3. Input Signals screenshot
10.2.3.1.P25 Phase I(C4FM) mode
10.2.3.1.1. Downlink

Agient Spectrum Analyzer - Channel Power

] RF
Center Freq 450.

ws]
#IFGain:Low

Page 22 of 209

SEMNSE:EXT |
Center Freq: 450006250 MHz
Trig: Free Run Avg|Hold:>515
#Atten: 30 dB

ALIGNALITO 05:06:39 PM Nov 22, 2021

Radio Std: None

Frequency

Radio Device: BTS

Ref 0.00 dBm

Iy ey ey e

Center 450 MHz
#Res BW 100 Hz

Channel Power

-0.74 dBm /8.1 kHz

Center Freq
450.006250 MHz

j-_\,,\\"u‘r"\,\‘l

g
Yt
L

LA A e AT

Span 50 kHz|ji’'i s

#VBW 1kHz Sweep FFT

Power Spectral Density

-39.82 dBm 1Hz

STATUS.

Low Frequency: 450.00625MHz

Agilent Spectrum Analyzer - Channel Power
R 3

Center Freq 479.000000 MHz

£ AC

' HAtten: 30 dB

Ref 0.00 dBm

W
‘.n.-'LAL'L'-l‘-Ju"--{-,'ll-,*"'\\,"t_.n.wl_\.‘,,i\--f\'v-,rjr'w'

Center 479 MHz
#Res BW 100 Hz

Channel Power

-0.78 dBm /8.1 kHz

SENSEENT
Center Freq: 479.000000 MHz
" Trig: Free Run Avg|Held=5/

ALIGNAUTO [[5:09:27 PMNov 22, 2021

Radic Std: None Frequency

Radio Device: BTS

#/BW 1kHz

Power Spectral Density

-39.86 dBm /Hz

STATUS

Middle Frequency: 479.0MHz
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Agilent Spectrum Analyzer - Channel Power
{ RF 500 AC SENSE:ENT | ALIGNAUTO  [05:33/54 PMNov 22, 2021
Center Freq 508.993750 MHz Center Freq: 508.993750 MHz Radio Std: None Frequency
CpJ Trig: Free Run Avg|Hold:>5/5
#IFGain:Low #Atten: 40 dB Radio Device: BTS

Ref 0.00 dBm

Pty o,
M -

b
™

X
] f’rj'r ML, e J‘l“]a"‘u\h"'f\.""-[}lf J"r.‘nv"'u'r f

Center 509 MHz ' Span 50 kHz
4Res BW 100 Hz #VBW 300 Hz

Channel Power Power Spectral Density

-0.94 dBm /8.1 kHz -40.03 dBm 1Hz

MSG STATUS

High Frequency: 508.99375MHz

10.2.3.2.P25 Phase I1(H-DQPSK) mode
10.2.3.2.1. Downlink

SENSE:EXT| | ALIGNAUTO  05:10:26 PMNav 22, 2021
Center Freq 450.006250 MHz Center Freq: 450.006250 MHz Radio Std: None Frequency
Cp) Trig: Free Run Avg|Hold:>5/5

#IFGain:Low #Atten: 30 dB Radio Device: BTS

Ref 0.00 dBm

gl

AVl
Iy Wy, VAl “rﬂfu.‘hr‘d,.]ﬁ,,l"mn‘ﬂ“w J"u_\‘_r”h_-;\;"\“l\ﬁ'”'l-‘"ﬁ' s

|
\1"'J‘I‘r”‘-\-'mﬂ‘-'.r‘h-'«-.‘r"‘b; e kT

Center 450 MHz ] Span 60.49 kHz|[PWH
#Res BW 100 Hz #VBW 1kHz Sweep FFT 7

Channel Power Power Spectral Density

-0.78 dBm /9.8 kHz -40.69 dBm /Hz

MSG STATUS

Low Frequency: 450.00625MHz
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Agilent Spectrum Analyzer - Channel Power
05:10: 10 PMHoy 22, 2021

- I T R SENSELEXT] | AIGNAUTO | e
Center Freqg 479.000000 MHz Center Freq: 479.000000 MHz Radio Std: None
d o Trig: Free Run Avg|Hold:>5/5

(]
#FGain:Low — #Atten: 30 dB Radio Device: BTS

Ref 0.00 dBm
Center Freq
479.000000 MHz

{ |N]h" ,r-w_[-‘.I1,|;]‘J-q-\r.r~"|-I"-._,l

!

g gl /4

Center 479 MHz

#Res BW 100 Hz #/BW 1kHz

Channel Power Power Spectral Density

-0.79 dBm /9.8 kHz -40.70 dBm /Hz

STATUS

Middle Frequency: 479.0MHz

[05: 3428 PM Now 22, 2021

SEMSE:EXT ALIGH AT
Center Freq 508.993750 MHz Center Freq: 508.993750 MHz Radio Std: None Frequency
. Trig: Free Run Avg|Hold:>5/5

i
#IFGain:Low ™ #atten: 40 dB Radio Device: BTS

Ref 0.00 dBm

_ﬂ,.l"-l"ﬂ"\rU"-"“'ﬂJ‘,’ﬂ““h“'
I
I
Ml

1

” | 1
\ . sl Py,
‘-‘11r-a.,’-.["w"r'r'-ﬂ-;r'l'u"‘"'-'ﬂ‘aj’-ai.{h"u\.»’-.Irl"]fw-“-'“"f'ﬂli""' i [y -.'J\Aﬂ"M,nﬁ,n.-‘f“.u\‘\,w,.(v.r_.a_;p,.,ﬂ W

Span 60.49 kHz||FWH

#Res BW 100 Hz #/BW 300 Hz Sweep FFT

Channel Power Power Spectral Density

-0.94 dBm 9.8 kHz -40.85 dBm /Hz

STATUS

High Frequency: 508.99375MHz
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10.2.3.3.Analog FM (6.25kHz)
10.2.3.3.1. Downlink

Agilent Spectrum Analyzer - Channel Power

Center Freq 450.003130 MHz

#IFGain:Low

Ref 0.00 dBm

Channel Power

-0.70 dBm /4 kHz

] Trig: Free Run Avg|Hold:>5/5
#Atten: 30 dB Radie Davice: BTS

Page 25 of 209

SENSECEAT | T ALIGNAJTO (5803 PNy 22, 2021
Center Freq: 450.003130 MHz Radio Std: None Frequency

Center Freq
450003130 MHz

Span 20 kHz
#VBW 300 Hz Sweep FFT

Power Spectral Density

-36.72 dBm /Hz

STATUS

Low Frequency: 450.00313MHz

Ref 0.00 dBm

#Res BW 100 Hz

Channel Power

-0.73 dBm /4 kHz

) Trig:Free Run Avg|Held:>5/5
#IF Gain:Low

SENSE:EXT| | ALIGNAUTC  |05:18:23 PMHNoy 22, 2021
Center Freq: 479.000000 MHz Radio Std: None Frequency

#Atten: 30 dB Radio Device: BTS

Center Freq
479.000000 MHz

Span 20 kHz
#VBW 300 Hz Sweep FFT

Power Spectral Density

-36.75 dBm /Hz

STATUS

Middle Frequency: 479.0MHz
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Agilent Spectrum Analyzer - Channel Power

L RF 500 AC
Center Freq 508.996880 MHz

#IFGain:Low

Ref 0.00 dBm

Center 509 MHz
#Res BW 100 Hz

Channel Power

-0.90 dBm /4 kHz

SENSE:EXT| I
Center Freq: 508996830 MHz

) Trig:Free Run
RAtten: 40 dB

Avg|Hold:>5/5

#/BW 300 Hz

Power Spectral Density

-36.92 dBm /Hz

STATUS

ALIGN AUTO

Page 26 of 209

I05:29:20 PMHNoy 22, 2021

Radio Std: None Frequency

Radio Device: BTS

Center Freq
508.996880 MHz

Span 20 kHz
Sweep FFT

High Frequency: 508.99688MHz

10.2.3.4.Analog FM (12.5kHz)
10.2.3.4.1. Downlink
Agilent Spectrum Analyzer - Channel Power

Center Freq 450.006250 MHz

#IFGain:Low

o1 Trig: Free Run

Ref 0.00 dBm

#Res BW 100 Hz

Channel Power

-0.76 dBm /11 kHz

SENSE:EXRT| |
Center Freq: 450.006250 MHz

() Avg|Hold>5/5
RAtten: 30 dB

#/BW 1 kHz

Power Spectral Density

-41.17 dBm Hz

STATUS

ALIGN AUTO

I05:12:16 PMHNay 22, 2021

Radio Std: None Frequency

Radio Device: BTS

Center Freq
450.006250 MHz

T TR K
= iy {TEDWE)

Span 34.38 kHz
Sweep FFT

Auto

Low Frequency: 450.00625MHz
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Agilent Spectrum Analyzer - Channel Power

L RF 500 AC
Center Freq 479.000000 MHz

#IFGain:Low

Ref 0.00 dBm

#Res BW 100 Hz

Channel Power

-0.78 dBm /11 kHz

) Trig:Free Run
RAtten: 30 dB

Page 27 of 209

SENSE:EXT| | ALIGN AUTO
Center Freq: 479.000000 MHz
Avg|Hold:>5/5

I05:12:40 PMNoy 22, 2021

Radio Std: None Frequency

Radio Device: BTS

Center Freq
479.000000 MHz

Span 34.38 kHz

#/BW 1kHz Sweep FFT

Power Spectral Density

-41.20 dBm /Hz

STATUS

Middle Frequency: 479.0MHz

Ag;enl Spectrum Analyzer - Chnllnel Power

Center Freq 508. 98?50[1 MHz

-
#IFGain:Low

SENSE:EXT ALTGM AUTO 05:32:48 PMMov 22, 2021

[
Center Freq: 508.993750 MHz Frequency

Trig: Free Run Avg|Hold:>515
#Atten: 40 dB

Radio Std: None

Radio Device: BTS

Ref 0.00 dBm

Tt .r-“l“

iy

Center 509 MHz
#Res BW 100 Hz

Channel Power

-0.94 dBm 711 kHz

il }’l | *w M

Center Freq
508.987500 MHz

\.u_r,m r'{f,l' SITRY, l ,l]’kml ﬂll,,

Span 34.38 kHz |\
#VBW 300 Hz

Power Spectral Density

-41.35 dBm /Hz

STATUS

High Frequency: 508.99375MHz
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10.2.3.5.Analog FM (25kHz)
10.2.3.5.1. Downlink

Agilent Spectrum Analyzer - Channel Power

Center Freq 450.012500 MHz

HIFGain:Low

Ref 0.00 dBm

M ..i‘r.ik'\r"‘ d.‘}“’]qn.""r'u‘m—"n‘-n'

Center 450 MHz

Channel Power

-0.73 dBm /16 kHz

] Trig: Free Run Avg|Hold:=>5/5
RAtten: 30 dB Radie Device: BTS
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| SENSE:EXT| | ALIGNAUTO  [05:13:52 PMHay 22, 2021
Center Freq: 450.012500 MHz Radio Std: None Frequency

Center Freq
450012500 MHz

WhA o e
|I W \i’luu.l.n\- l,-"" FJ._\‘.:J' ‘f\l- n‘:ﬁ"

Span 50 kHz|/ ¥
#VBW 1kHz Sweep 680.7 ms

Power Spectral Density

42 77 dBm /Hz

STATUS

Low Frequency: 450.0125MHz

Agilent Spectrum Analyzer - Channel Power

Center Freq 479.000000 MHz

Ref 0.00 dBm

1 ‘-,'\'""'tf oy ﬂ-‘"th.-"w

Center 479 MHz

Channel Power

-0.76 dBm /16 kHz

) Trig:Free Run Avg|Hold:>5/5
#IFGain:Low #Atten: 30 dB Radio Device: BTS

| SENSEEXT] 1 ALIGNAUTO  [05:14:18 PMHoy 22, 2021
Center Freq: 479.000000 MHz Radio Std: None Frequency

Center Freq
479.000000 MHz

Iy oyt

Span 50 kHz{J
#VBW 1 kHz Sweep 680.7 ms

Power Spectral Density

-42.80 dBm /Hz

STATUS

Middle Frequency: 479.0MHz
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Agilent Spectrum Analyzer - Channel Power
L [5G s06 ac [ SENSE:ERT [ | ALIGNAUTS  [5:32:11 PMNov 22,2021 B
Center Freq 508.987500 MHz Center Freq: 508 987500 MHz Radio Std: None
J (o) Trig:Free Run Avg|Hold=>5/5
#IFGain:Low #Atten: 40 dB Radio Device: BTS

Ref 0.00 dBm

JI'-"n"n“'-.-!f-lJ‘h‘,r"‘.-\ mn i i P i -4 e

Center 509 MHz ' ' Span 50 kHz|/ W
z #VBW 1 kHz Sweep 680.7 ms

Channel Power Power Spectral Density

-0.90 dBm /16 kHz -42 95 dBm /Hz

MG STATUS

High Frequency: 508.9875MHz
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10.3. AGC Threshold
Requirements: KDB 935210 D05 clause 4.2
Test Method: KDB 935210 D05 clause 3.2

10.3.1. Requirements
Testing at and above the AGC threshold will be required.® The AGC threshold shall be determined by
applying the procedure of 3.2, but with the signal generator configured to produce a test signal defined in
Table 1, a CW input signal, or a digitally modulated signal, consistent with the discussion about signal
types in 4.1.

10.3.2. Test configuration

Signal 2 Cable
Generator

MT/DLIN D e

MT/DL OUTQA uLIN @ e —
uLIN@p r———O®@uL Fiberotptic
I @uﬁo—c @iberoptic
uLouT@®p —— | bort
|
DL
n cher— [0 oh
| MT/DL OUT
ouT ® I Optical
Expansion -
Master Unit(Fou) Remote Unit
Unit(Mu) (RU)

Spect Cable, *
analyzer

Figure 10.3-1MU, FOU and RU system test connection diagram
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10.3.3. Test procedures
3.2 Measuring AGC threshold level

The AGC threshold is to be determined as follows.?

In the case of fiber-optic distribution systems, the RF input port of the equipment under test (EUT) refers
to the RF input of the supporting equipment RF to optical convertor; see also descriptions and diagrams
for typical DAS booster systems in KDB Publication 935210 D02 [R7].

Devices intended to be directly connected to an RF source (donor port) only need to be evaluated for any
over-the-air transmit paths.

a) Connect a signal generator to the input of the EUT.

b) Connect a spectrum analyzer or power meter to the output of the EUT using appropriate attenuation
A8 Necessary.

¢) The signal generator should initially be configured to produce either of the required test signals (i.e.,
broadband or narrowband).

d) Set the signal generator frequency to the center frequency of the EUT operating band.

€) While monitoring the output power of the EUT, measured using the methods of 3.5.3 or 3.5.4,
increase the input level until a 1 dB increase in the input signal power no longer causes a 1 dB
increase in the output signal power.

f) Record this level as the AGC threshold level.

o) Repeat the procedure with the remaining test signal.
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10.3.4. Test results
Test Date (yy-mm-dd): 2021-11-22
Normal condition: Temp: 25.5°C, Humid: 44%, Atmospheric Pressure:101kpa
Supply Voltage: DC -48V
10.3.4.1.System test
10.3.4.1.1. Downlink
Test Signal output power EUT Input cable EUT Corrected EUT Corrected
frequency (dBm) loss (dB) Input power (dBm) | Output power (dBm)
-72.6 1.1 -73.7 30.2
-71.6 11 -12.7 31.3
-70.6 11 -71.7 32.4
-69.6 1.1 -70.7 335
-68.6 1.1 -69.7 345
Downlink
-67.6 1.1 -68.7 35.6
479.0MHz
-66.6 1.1 -67.7 35.6
-65.6 1.1 -66.7 35.6
-64.6 1.1 -65.7 35.6
-63.6 1.1 -64.7 35.6
-62.6 1.1 -63.7 35.6
39
h 37
L 35.6 35.6 356 356 356 35.6
" 34.5
33 33.5
| 32.4
031 31.3
;1 30.2
| X
29
)
27
25

-73.7 -72.7 -71.7 -70.7 -69.7 -68.7 -67.7 -66.7 -65.7 -64.7 -63.7

Input power level (dBm)
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10.4. Out-of-band rejection

Test requirement: KDB 935210 DO5 clause 4.3
FCC PART 90.219 (a)
FCC PART 90.219 (d)((7)

Test Method: KDB 935210 D05 clause 4.3

10.4.1. Requirements

According to KDB 935210 DO05 clause 4.3 requirement, a signal booster shall reject
amplification of other signals outside of its passband. Adjust the internal gain control of the EUT
to the maximum gain for which equipment certification is sought.

10.4.2. Test configuration

Signal 2 cable 0 _ _ _ _ _ o ________

Generator

MT/DLIN D e

MT/DL OUT QA NG = _
uLIN®f [———QouL Fiberotptic
I @DM—E @iberoptic
uLouT@p — - | bort
I DL
N GOfe1 -t —4 @p
| MT/DL OUT
ouT ® I Optical
Expansion -
Master Unit(Fou) Remote Unit
Unit(Mu) (RU)

Spectrum Cable *
P [JAttenuation|d
analyzer

Figure 10.4-1 MU, FOU and RU system test connection diagram
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10.4.3. Test procedures

a) Connect a signal generator to the input of the EUT.
b) Configure a swept CW signal with the following parameters:
1) Frequency range = + 250 % of the manufacturer’s specified pass band.
2) The CW amplitude shall be 3 dB below the AGC threshold (see 4.2), and shall not activate the
AGC threshold throughout the test.
3) Dwell time = approximately 10 ms.
4) Frequency step = 50 kHz.

¢) Connect a spectrum analyzer to the output of the EUT using appropriate attenuation.

d) Set the RBW of the spectrum analyzer to between 1 % and 5 % of the manufacturer’s rated passband,
and VBW =3 x RBW.

¢) Set the detector to Peak and the trace to Max-Hold.

f) After the trace is completely filled, place a marker at the peak amplitude, which is designated as fo,
and with two additional markers (use the marker-delta method) at the 20 dB bandwidth (i.e., at the
points where the level has fallen by 20 dB).

g) Capture the frequency response plot for inclusion in the test report.
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10.4.4. Test results

Test Date (yy-mm-dd): 2021-11-25
Normal condition: Temp: 27.6°C, Humid:36%, Atmospheric Pressure:101kpa
Supply Voltage: DC -48V

10.4.4.1.System test

RBW VBW Peak frequency Peak power 20dB BW

(kHz2) (kHz) (MHz2) (dBm) (MHz)
(1) Downlink

1000 3000 490.0 34.87 61.3

10.4.5. Test screenshot
10.4.5.1.System test

Amlent Spectrum Analyzer - Swept SA

SRk SENSE:EXT ALIGNAUTO  [09:03:53 AMNov 25, 2021
N dB -20.00 dB Avg Type: RMS TRACE Meas Setup
PNO: Fast () Trig: Free Run Avg|Held:>100/100 TYFE

IFGain:Low Atten: 40 dB Ext Gain: -30.80 dB DET A\"el"age.ﬂm
Mkr1 490.0 MIHz
104Bidy__ Ref §3.80 dBm 34.873 dBm

Average Type
Pwr (RMS) »
1 Auto Man

‘
A

“F1.3MHz N dB,zoPg(i)rLt;

L PhNoise Opt
b
Y RSTRET I P TN W e o RO SRRTETY NErSTY WP R, Fast Tuning »

Man

ADC Dither
Medium »
Man

Center 479.0 MHz Span 200.0 MHz
#Res BW 1.0 MHz #VBW 3.0 MHz* Sweep 1.00 ms (1001 pts)

STATUS

Downlink:
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10.5. Input VS output Comparison

Test requirement: KDB 935210 D05 clause 4.4
FCC PART 2.1049(c)
FCC PART 90.219 (¢)(4)(ii)
FCC PART 90.219 (¢)(4)iii)

Test Method: KDB 935210 D05 clause 4.4

10.5.1. Requirements
10.5.1.1.Emission mask

According to KDB 935210 D05 clause 4.4 requirement:
4.4 Input-versus-output signal comparison

Compliance with the emission mask of the EUT output shall be measured for the public safety service
signal types as specified in 4.1.
According to the characteristics of the product and FCC PART 90.210 requirement, clause

(b), clause (c), clause (d) and clause (e) in FCC PART 90.210 are used, except as indicated else
where in this part, transmitters used in the radio services governed by this part must comply with
the emission masks outlined in this section. measurements of emission power can be expressed in
either peak or average values provided that emission powers are expressed with the same
parameters used to specify the unmodulated transmitter carrier power. For transmitters that do not
produce a full power unmodulated carrier, reference to the unmodulated transmitter carrier power
refers to the total power contained in the channel bandwidth. Unless indicated elsewhere in this
part, the table in this section specifies the emission masks for device operating under this part.

§90.210 Emission masks.

Except as indicated elsewhere in this part, transmitters used in the radio services
governed by this part must comply with the emission masks outlined in this section.
Unless otherwise stated, per paragraphs (d)(4), (e)(4), and (o) of this section,
measurements of emission power can be expressed in either peak or average values
provided that emission powers are expressed with the same parameters used to specify
the unmodulated transmitter carrier power. For transmitters that do not produce a full
power unmodulated carrier, reference to the unmodulated transmitter carrier power refers
to the total power contained in the channel bandwidth. Unless indicated elsewhere in this
part, the table in this section specifies the emission masks for equipment operating under
this part.
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ArpucasLE Emission Masks
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Mask for equipment Mask for equipment
with audio low without audio low

Frequency band (MHz) pass filter pass filter

Below 251 A or B AorC

25-50 B C

72-T6 B Cc

150-1742 B,D orE C.DorE

150 paging only B C

220-222 F F

2151223 B, D, orE C.D,orE

450 paging only B G

B06-800/851-8545 B H

B09-824/854-86935 B, D D, G.

B96-901/935-940 I J

902-928 K K

929-930 B G

4940-4990 MHz LorM Lor M

5850-5925%

All other bands B C

NOTE: Emission Mask B and Mask C —25 kHz channel;

Emission Mask D—12.5 kHz channel;
Emission Mask E—6.25kHz;

10.5.1.1.1. Emission Mask B

(b) Emission Mask B. For transmitters that are equipped with an audio low-pass filter,
the power of any emission must be attenuated below the unmodulated carrier power (P)

as follows:

(1) On any frequency removed from the assigned frequency by more than 50 percent,
but not more than 100 percent of the authorized bandwidth: At least 25 dB.

(2) On any frequency removed from the assigned frequency by more than 100
percent, but not more than 250 percent of the authorized bandwidth: At least 35 dB.

(3) On any frequency removed from the assigned frequency by more than 250
percent of the authorized bandwidth: At least 43 + 10 log (P) dB.

(c) Emission Mask C. For transmitters that are not equipped with an audio low-pass
filter, the power of any emission must be attenuated below the unmodulated carrier output

power (P) as follows:
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10.5.1.1.2. Emission Mask C

(c) Emission Mask C. For transmitters that are not equipped with an audio low-pass
filter, the power of any emission must be attenuated below the unmodulated carrier output
power (P) as follows:

(1) On any frequency removed from the center of the authorized bandwidth by a
displacement frequency (f4 in kHz) of more than 5 kHz, but not more than 10 kHz: At least
83 log (f4/5) dB;

(2) On any frequency removed from the center of the authorized bandwidth by a
displacement frequency (f; in kHz) of more than 10 kHz, but not more than 250 percent of

the authorized bandwidth: At least 29 log (f;2/11) dB or 50 dB, whichever is the lesser
attenuation;

(3) On any frequency removed from the center of the authorized bandwidth by more
than 250 percent of the authorized bandwidth: At least 43 + 10 log (P) dB.

10.5.1.1.3. Emission Mask D

(d) Emission Mask D—12.5 kHz channel bandwidth equipment. For transmitters
designed to operate with a 12.5 kHz channel bandwidth, any emission must be attenuated
below the power (P) of the highest emission contained within the authorized bandwidth as
follows:

(1) On any frequency from the center of the authorized bandwidth f; to 5.625 kHz
removed from fy: Zero dB.

(2) On any frequency removed from the center of the authorized bandwidth by a
displacement frequency (f; in kHz) of more than 5.625 kHz but no more than 12.5 kHz: At
least 7.27(f,~2.88 kHz) dB.

(3) On any frequency removed from the center of the authorized bandwidth by a
displacement frequency (f; in kHz) of more than 12.5 kHz: At least 50 + 10 log (P) dB or
70 dB, whichever is the lesser attenuation.

(4) The reference level for showing compliance with the emission mask shall be
established using a resolution bandwidth sufficiently wide (usually two or three times the
channel bandwidth) to capture the true peak emission of the equipment under test. In
order to show compliance with the emission mask up to and including 50 kHz removed
from the edge of the authorized bandwidth, adjust the resolution bandwidth to 100 Hz with
the measuring instrument in a peak hold mode. A sufficient number of sweeps must be
measured to insure that the emission profile is developed. If video filtering is used, its
bandwidth must not be less than the instrument resolution bandwidth. For emissions
beyond 50 kHz from the edge of the authorized bandwidth, see paragraph (o) of this
section. If it can be shown that use of the above instrumentation settings do not
accurately represent the true interference potential of the equipment under test, an
alternate procedure may be used provided prior Commission approval is obtained.
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10.5.1.1.4. Emission Mask E

(e) Emission Mask E—6.25 kHz or less channel bandwidth equipment. For
transmitters designed to operate with a 6.25 kHz or less bandwidth, any emission must be
attenuated below the power (P) of the highest emission contained within the authorized
bandwidth as follows:

(1) On any frequency from the center of the authorized bandwidth f, to 3.0 kHz
removed from fy: Zero dB.

(2) On any frequency removed from the center of the authorized bandwidth by a
displacement frequency (f; in kHz) of more than 3.0 kHz but no more than 4.6 kHz: At
least 30 + 16.67(f;—3 kHz) or 55 + 10 log (P) or 65 dB, whichever is the lesser
attenuation.

(3) On any frequency removed from the center of the authorized bandwidth by more
than 4.6 kHz: At least 55 + 10 log (P) or 65 dB, whichever is the lesser attenuation.

(4) The reference level for showing compliance with the emission mask shall be
established using a resolution bandwidth sufficiently wide (usually two or three times the
channel bandwidth) to capture the true peak emission of the equipment under test. In
order to show compliance with the emission mask up to and including 50 kHz removed
from the edge of the authorized bandwidth, adjust the resolution bandwidth to 100 Hz with
the measuring instrument in a peak hold mode. A sufficient number of sweeps must be
measured to insure that the emission profile is developed. If video filtering is used, its
bandwidth must not be less than the instrument resolution bandwidth. For emissions
beyond 50 kHz from the edge of the authorized bandwidth, see paragraph (o) of this
section. If it can be shown that use of the above instrumentation settings do not
accurately represent the true interference potential of the equipment under test, an
alternate procedure may be used provided prior Commission approval is obtained.
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10.5.1.2.0ccupied bandwidth
10.5.1.2.1. FCC PART 2.1049(c)
52.1049 Measurements required: Occupied bandwidth.

The occupied bandwidth, that is the frequency bandwidth such that, below its lower and above its upper
frequency limits, the mean powers radiated are each equal to 0.5 percent of the total mean power radiated
by a given emission shall be measured under the following conditions as applicable;

(a) Radiotelegraph transmitters for manual operation when keyed at 16 dots per second.
(b) Other keyed transmitters—when keyed at the maximum machine spead.

{C) Radiotelephone transmitters equipped with a device to limit modulation or peak envelope power shall
be modulated as follows. For single sideband and independent sideband transmitters, the input level of the
modulating signal shall be 10 dB greater than that necessary to produce rated peak envelope power.

(1) Other than single sideband or independent sideband transmitters—when modulated by a 2500 Hz
tone at an input level 16 dB greater than that necessary to produce 50 percent modulation. The input level
shall be established at the frequency of maximum response of the audio modulating circuit.

{2) Single sideband transmitters in A3A or A3] emission modes—when modulated by two tones at
frequencies of 400 Hz and 1800 Hz (for 3.0 kHz authorized bandwidth), or 500 Hz and 2100 Hz (for 3.5 kHz
authorized bandwidth), or 500 Hz and 2400 Hz (for 4.0 kHz authorized bandwidth), applied simultaneously.
The input levels of the tones shall be so adjusted that the two principal frequency components of the radio
frequency signal produced are equal in magnitude.

10.5.1.2.2. FCC PART 90.219 (e)(4)(ii)

(4) A signal booster must be designed such that all signals that it retransmits meet
the following requirements:

(i) The signals are retransmitted on the same channels as received. Minor departures
from the exact provider or reference frequencies of the input signals are allowed, provided
that the retransmitted signals meet the requirements of §90.213.

o dherwwechr govicgi- binftest-idx 7SID=208TchedcaBabbtddi 20855308440 058mc=ruednode= pt47.5.90&rgn=diva

200615 Electronic Code of Federal Regulations (eCFR)
(ii) There is no change in the occupied bandwidth of the retransmitted signals.

(iii) 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).
According to FCC PART 2.1049(c), FCC PART 90.219 (e)(4)(ii) and (iii) requirement, the occupied bandwidth,
that is the frequency bandwidth such that below its lower and above its upper frequency limits, the mean powers
radiated are each equal to 0.5 percent of the total mean power radiated by a given emission shall be measured.
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10.5.2. Test configuration

Signal L cable
Generator [ |
|
MT/DL IN D I
|
MT/DL OUT@O ULIN@Dq——J
uLineh [———D @uL Fiberotptic
| o port o aiber optic
ULOUT@:I——i | ® Y port
— DL
IN Gpfe T —I @j—
| MT/DL OUT
out ep | Optical
| Expansion -
Master Unit(Fou) Remote Unit
Unit(Mu) (RU)

Spectrum Cable *
pectru [JAttenuationfd&
analyzer

Figure 10.5-1 MU, FOU and RU system test connection diagram
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10.5.3. Test procedures

a)
b)

c)
d)

€)

f)
g)

h)
1)
1)
k)

Connect a signal generator to the input of the EUT.

Configure the signal generator to transmit the appropriate test signal associated with the public safety
emission designation (see Table 1).

Configure the signal level to be just below the AGC threshold (see results from 4.2).

Connect a spectrum analyzer to the output of the EUT using appropriate attenuation as necessary.

Set the spectrum analyzer center frequency to the nominal EUT channel center frequency. The span
range for the spectrum analyzer shall be between 2 % to 5 * the EBW {or OBW).

The nominal RBW shall be 300 Hz for 16 KOF3E, and 100 Hz for all other emissions types.

Set the reference level of the spectrum analyzer to accommodate the maximum input amplitude level,
L.e., the level at fp per 4.3,

Set spectrum analyzer detection mode to peak, and trace mode to max hold.

Allow the trace to fully stabilize.

Confirm that the signal is contained within the appropriate emissions mask.

Use the marker function to determine the maximum emission level and record the associated
frequency.

Capture the emissions mask plot for inclusion in the test report (output signal spectra).

Measure the EUT input signal power (signal generator output signal) directly from the signal
generator using power measurement guidance provided in KDB Publication 971168 [R8] (input
signal spectra).

Compare the spectral plot of the output signal (determined in step k), to the input signal (determined
in step 1) to affirm they are similar (in passband and rolloff characteristic features and relative spectral
locations).

Repeat steps d) to n) with the input signal amplitude set 3 dB above the AGC threshold.

Repeat steps b) to o) for all authorized operational bands and emissions types (see applicable
regulatory specifications, e.g., Section 90.210).

Include all accumulated spectral plots depicting EUT input signal and EUT output signal in the test
report, and note any observed dissimilarities.
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10.5.4. Test results
Test Date (yy-mm-dd):
Normal condition:

Supply Voltage:

10.5.4.1.Emission mask
10.5.4.1.1. System test

2021-11-22 to 2021-12-09

Temp: 23.5~26.5°C, Humid:41~44%, Atmospheric Pressure:101kpa

DC -48V

10.5.4.1.1.1. P25 Phase I(C4FM) mode

Page 43 of 209

Carrier frequency Input signal status Limit Test Data Result
(1) Downlink transmit mode
with the input signal amplitude set See clause
Low frequency: the AGC threshold Mask D 10.5.5.1.1.1.1 PASS
450.00625 MHz with the input signal amplitude set See clause
3 dB above the AGC threshold Mask D 10.5.5.1.1.1.1 PASS
with the input signal amplitude set See clause
Mid frequency: the AGC threshold Mask D 10.5.5.1.1.1.1 PASS
479.0 MHz with the input signal amplitude set See clause
3 dB above the AGC threshold Mask D 105.5.1.1.1.1 PASS
with the input signal amplitude set See clause
High frequency: the AGC threshold Mask D 10.5.5.1.1.1.1 PASS
508.99375MHz with the input signal amplitude set See clause
3 dB above the AGC threshold Mask D 105.5.1.1.1.1 PASS
10.5.4.1.1.2. P25 Phase 11(H-DQPSK) mode
Carrier frequency Input signal status Limit Test Data Result
(2) Downlink transmit mode
with the input signal amplitude set See clause
Low frequency: the AGC threshold Mask D 10.5.5.1.1.1.2 PASS
450.00625 MHz with the input signal amplitude set See clause
3 dB above the AGC threshold Mask D 10.5.5.1.1.1.2 PASS
with the input signal amplitude set See clause
Mid frequency: the AGC threshold Mask D 10.5.5.1.1.1.2 PASS
479.0 MHz with the input signal amplitude set See clause
3 dB above the AGC threshold Mask D 1055.1.1.1.2 PASS
with the input signal amplitude set See clause
High frequency: the AGC threshold Mask D 10.5.5.1.1.1.2 PASS
508.99375MHz with the input signal amplitude set See clause
3 dB above the AGC threshold Mask D 10.5.5.1.1.1.2 PASS
10.5.4.1.1.3. 6.25kHz Analog FM mode
Carrier frequency Input signal status Limit Test Data Result
(3) Downlink transmit mode
with the input signal amplitude set See clause
Low frequency: the AGC threshold Mask E 10.5.5.1.1.1.3 PASS
450.00313 MHz with the input signal amplitude set See clause
3 dB above the AGC threshold Mask E 1055.1.1.13 PASS
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with the input signal amplitude set See clause
Mid frequency: the AGC threshold Mask E 10.5.5.1.1.1.3 PASS
479.0 MHz with the input signal amplitude set See clause
3 dB above the AGC threshold Mask E 10.5.5.1.1.1.3 PASS
with the input signal amplitude set See clause
High frequency: the AGC threshold Mask E 105.5.1.1.1.3 PASS
508.99688MHz with the input signal amplitude set See clause
3 dB above the AGC threshold Mask E 1055.1.1.13 PASS
10.5.4.1.1.4. 12.5kHz Analog FM mode
Carrier frequency Input signal status Limit Test Data Result
(4) Downlink transmit mode
with the input signal amplitude set See clause
Low frequency: the AGC threshold Mask D 10.5.5.1.1.1.4 PASS
450.00625 MHz with the input signal amplitude set See clause
3 dB above the AGC threshold Mask D 1055.1.1.1.4 PASS
with the input signal amplitude set See clause
Mid frequency: the AGC threshold Mask D 10.5.5.1.1.1.4 PASS
479.0 MHz with the input signal amplitude set See clause
3 dB above the AGC threshold Mask D 10.5.5.1.1.1.4 PASS
with the input signal amplitude set See clause
High frequency: the AGC threshold Mask D 1055.1.1.1.4 PASS
508.99375MHz with the input signal amplitude set See clause
3 dB above the AGC threshold Mask D 1055.1.1.1.4 PASS
10.5.4.1.1.5. 25kHz Analog FM mode
Carrier frequency Input signal status Limit Test Data Result
(5) Downlink transmit mode
with the input signal amplitude See clause
, set the AGC threshold Mask B+ Mask C 1055.1.1.15 PASS
Iz(é\(l)vgrlezqsuelvrl]l(_:'); with the input signal amplitude |
' set 3 dB above the AGC Mask B+ Mask C 103;650161285 5 PASS
threshod | | T
with the input signal amplitude See clause
. _ set the AGC threshold Mask B+ Mask C 10.5.5.1.1.1.5 PASS
Mid frequency: - - - -
with the input signal amplitude
479.0 MHz set 3 dB above the AGC See clause
Mask B+ Mask C 1055.1.1.1.5 PASS
threshold
with the input signal amplitude See clause
. _ set the AGC threshold Mask B+ Mask C 1055.1.1.15 PASS
High frequency: - - - -
508.9875MHz with thg zjnl?;))utl':)mgnatl1 arzréllct:ude See clause
set tharecs)\f:gltd e Mask B+ Mask C 1055.1.1.1.5 PASS
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10.5.4.2.0ccupied bandwidth
10.5.4.2.1. System test
10.5.4.2.1.1. P25 Phase I(C4FM) mode
Carrier frequency Input signal status Test Data

(6) Downlink transmit mode

Low frequency:
450.00625 MHz

with the input signal amplitude set the AGC threshold

See clause 10.5.5.2.1.1.1

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.2.1.1.1

Mid frequency:
479.0 MHz

with the input signal amplitude set the AGC threshold

See clause 10.5.5.2.1.1.1

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.2.1.1.1

High frequency:
508.99375MHz

with the input signal amplitude set the AGC threshold

See clause 10.5.5.2.1.1.1

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.2.1.1.1

10.5.4.2.1.2. P25 Phase I1(H-DQPSK) mode

Carrier frequency

Input signal status

Test Data

(7) Downlink transmit mode

Low frequency:
450.00625 MHz

with the input signal amplitude set the AGC threshold

See clause 10.5.5.2.1.1.2

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.2.1.1.2

Mid frequency:
479.0 MHz

with the input signal amplitude set the AGC threshold

See clause 10.5.5.2.1.1.2

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.2.1.1.2

High frequency:
508.99375MHz

with the input signal amplitude set the AGC threshold

See clause 10.5.5.2.1.1.2

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.2.1.1.2

10.5.4.2.1.3. 6.25kHz Analog FM mode

Carrier frequency

Input signal status

Test Data

(8) Downlink transmit mode

Low frequency:
450.00313 MHz

with the input signal amplitude set the AGC threshold

See clause 10.5.5.2.1.1.3

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.2.1.1.3

Mid frequency:
479.0 MHz

with the input signal amplitude set the AGC threshold

See clause 10.5.5.2.1.1.3

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.2.1.1.3

High frequency:
508.99688MHz

with the input signal amplitude set the AGC threshold

See clause 10.5.5.2.1.1.3

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.2.1.1.3
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10.5.4.2.1.4. 12.5kHz Analog FM mode
Carrier frequency Input signal status Test Data

(9) Downlink transmit mode

Low frequency:
450.00625 MHz

with the input signal amplitude set the AGC threshold

See clause 10.5.5.2.1.1.4

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.2.1.1.4

Mid frequency:
479.0 MHz

with the input signal amplitude set the AGC threshold

See clause 10.5.5.2.1.1.4

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.2.1.1.4

High frequency:
508.99375MHz

with the input signal amplitude set the AGC threshold

See clause 10.5.5.2.1.1.4

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.2.1.1.4

10.5.4.2.1.5. 25kHz Analog FM mode

Carrier frequency

Input signal status

Test Data

(10) Downlink transmit mode

Low frequency:
450.0125 MHz

with the input signal amplitude set the AGC threshold

See clause 10.5.5.2.1.1.5

with the input signal amplitude set 3 dB above the

See clause 10.5.5.2.1.1.5

Mid frequency:
479.0 MHz

AGC threshold
with the input signal amplitude set the AGC threshold See clause 10.5.5.2.1.1.5
with the input signal amplitude set 3 dB above the See clause 1055.2.1.1.5

AGC threshold

High frequency:
508.9875MHz

with the input signal amplitude set the AGC threshold

See clause 10.5.5.2.1.1.5

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.2.1.1.5
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10.5.4.3.Input VS output Comparison
10.5.4.3.1. System test
10.5.4.3.1.1. P25 Phase I(C4FM) mode
Carrier frequency Input V'S output Comparison status Test data

(1) Downlink transmit mod

Low frequency:
450.00625 MHz

Input signal

See clause 10.5.5.3.1.1.1

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.1

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.1

Mid frequency:
479.0 MHz

Input signal

See clause 10.5.5.3.1.1.1

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.1

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.1

High frequency:
508.99375MHz

Input signal

See clause 10.5.5.3.1.1.1

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.1

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.1

10.5.4.3.1.2. P25 Phase 11(H-DQPSK) mode

Carrier frequency

Input VS output Comparison status

Test data

(2) Downlink transmit mod

Low frequency:
450.00625 MHz

Input signal

See clause 10.5.5.3.1.1.2

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.2

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.2

Mid frequency:
479.0 MHz

Input signal

See clause 10.5.5.3.1.1.2

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.2

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.2

High frequency:
508.99375MHz

Input signal

See clause 10.5.5.3.1.1.2

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.2

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.2

10.5.4.3.1.3. 6.25kHz Analog FM mode

Carrier frequency

Input VS output Comparison status

Test data

(3) Downlink transmit mod

Low frequency:
450.00625 MHz

Input signal

See clause 10.5.5.3.1.1.3

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.3

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.3
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Mid frequency:
479.0 MHz

Input signal

See clause 10.5.5.3.1.1.3

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.3

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.3

High frequency:
508.99375MHz

Input signal

See clause 10.5.5.3.1.1.3

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.3

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.3

10.5.4.3.1.4. 12.5kHz Analog FM mode

Carrier frequency

Input V'S output Comparison status

Test data

(4) Downlink transmit mod

Low frequency:
450.00625 MHz

Input signal

See clause 10.5.5.3.1.1.4

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.4

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.4

Mid frequency:
479.0 MHz

Input signal

See clause 10.5.5.3.1.1.4

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.4

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.4

High frequency:
508.99375MHz

Input signal

See clause 10.5.5.3.1.1.4

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.4

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.4

10.5.4.3.1.5. 25kHz Analog FM mode

Carrier frequency

Input VS output Comparison status

Test data

(5) Downlink transmit mod

Low frequency:
450.00625 MHz

Input signal

See clause 10.5.5.3.1.1.5

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.5

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.5

Mid frequency:
479.0 MHz

Input signal

See clause 10.5.5.3.1.1.5

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.5

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.5

High frequency:
508.99375MHz

Input signal

See clause 10.5.5.3.1.1.5

with the input signal amplitude set the AGC threshold

See clause 10.5.5.3.1.1.5

with the input signal amplitude set 3 dB above the
AGC threshold

See clause 10.5.5.3.1.1.5
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10.5.5. Test screenshot

10.5.5.1.Emission mask

10.5.5.1.1. System test

10.5.5.1.1.1. Downlink

10.5.5.1.1.1.1. P25 Phase I(C4FM) mode

Spectrum | ni_]

Ref Level 40.00 dém Offset 41.20 d&é » RBW 100 Hz

Att 15 dB & SWT 500 ms & VBW 300 Hz Mode Auto FFT
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Type | Ref | Tre | X-value | Y-value | Function | Function Result |
M1 1 450.00625 MHz | 16.39 dém | |
i . w.1z2021
L JL J Measuring...  WHAREHNND 96 JERTEET N

Date) 9.0EC.2021 14:11:32

With the input signal amplitude set the AGC threshold
Low Frequency: 450.00625MHz

Spectrum | T

Ref Level 40.00 dBm Offset 41.20 dB & RBW 100 Hz

Att 15 dB & BWT 500 ms & YBW 300 Hz Mode Auto FFT
@ LRm Clrw
Limit Gheck PABS M1[1] 16.54 dBm
Line 12.5kHz Mask D PARS | 450.006250 MHZ2
30 dBm \
20 dBrmr | +4:

[
10 dem |, f F\\ l‘.l
0 dBm "'I: / | I.“

L-3Im uafj L ‘.’H / I\". I\\.‘
2l |

|
P U s o ———" o e o™ N sy bt
CF 450.00625 MHz 691 pts Span 100.0 kHz
Marker
Type | Ref | Trc | X-value | ¥-value | _Function | Function Result |
M1 1‘ 450.00625 MHz 16.54 dBm
7 7 o v.1z.0021
L il | Measuring... [ B ™ ] TR //;

Date: 8 0DEC 2021 141138

With the input signal amplitude set 3 dB above the AGC threshold
Low Frequency: 450.00625MHz
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Spectrum | luf

Ref Level 41.00 dBm Offset 41.20 dB & RBW 100 Hz

Att 15 dB & SWT 500 ms & ¥YBW 300 Hz Mode Auto FFT
l[®@1rm Cirw
Tinit fheck PAES M1[1] 19.46 dBm
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Marker ]
| Type | Ref | Tre | X-value | ¥-value |  Function | Function Result |
T ML 1 479.0 MHz 19.46 dem
T

Measuring... .lll“ll ‘

4233
Date: 9. 0DEC. 2021 141233

With the input signal amplitude set the AGC threshold
Middle Frequency: 479.0MHz

Spectrum | luf

Ref Level 41.00 dBm Offset 41.20 dB & RBW 100 Hz

Att 15 dB w» SWT 500 ms & YBW 300 Hz Mode Auto FFT
l[® 1rm Cirw
Tinit fheck PAES M1[1] 19.23 dBm
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-50 dBm
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Marker |
| Type | Ref | Trc | X-value | v-value |  Function | Function Result |
| M1 1| 479.0 MHz 19.23 dBm
o

Measuring... -lll“l' -

1238 7
Date: 9 DEC.2021 141239

With the input signal amplitude set 3 dB above the AGC threshold
Middle Frequency: 479.0MHz



