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5.9 Variable Booster Gain

Test Requirement:

This procedure shall be used to demonstrate compliance to the Booster Gain
Limits specified for Wideband Consumer Signal Boosters in §21(e)(8)(i)(C). The
variable booster gain limits are expressed as a function of RSSI and MSCL. The
RSSI is varied over a range of values as specified within the procedure. Refer to
Annex B of this document for guidance with respect to determining the applicable
MSCL value.

Limit:

-34 dB -RSSI + MSCL

Test Setup:

Donor Port Server Port

Directional
Coupler
[E— .
[ | - EUT: L. Uplink Signal

| | Generator #2

el il

Coupled Port
from EUT

Y

Downlink Signal Notch Filter RF Attenuator
Generator #1 (if required) (if required)

Y
4

» Spectrum Analyzer

Procedure:

a) Connect the EUT to the test equipment as shown in Figure 6 with the uplink
output connected to signal generator 1. Ensure the coupled path of the RF
coupler is connected to the spectrum analyzer.

b) Configure downlink signal generator #1 for AWGN operation with an 99%
occupied bandwidth of 4.1 MHz tuned to the center of the operational band.

c) Set the power level and frequency of signal generator # 2 to a value 5 dB below
the AGC level from section 7.2. The signal type is AWGN with a 99% OBW of 4.1
MHz.

d) Set RBW = 100 kHz.

e) Set VBW = 300 kHz.

f) Select the CHANNEL POWER measurement tool.

g) Select the RMS (power averaging) detector.

h) Ensure that the number of measurement points per sweep = (2 x span)/RBW.

i) Sweep time = auto couple or as necessary.

j) Trace average at least 10 traces in power averaging (i.e., RMS) mode.

k) Measure the maximum channel power and compute maximum gain when
varying the signal generator 1 to a level from -90 to -10 dBm in 1 dB steps inside
the RSSI dependent region and 10 dB steps outside the RSSI dependent region
and report the six values closest to the limit, including at least two points from
within the RSSI dependent region of operation.

I) Repeat 7.9.3 — 7.9.11 for all operational uplink bands.

m) Variable Uplink gain timing is to be measured as follows.

n) Set the spectrum analyzer to the uplink frequency to be measured.

o) Set the span to 0 Hz with a sweep time of 10 seconds.

p) Set the power level of signal generator 1 to the lowest level of the RSSI
dependent gain.

q) Select MAX HOLD and increase the power level of signal generator 1 by 10 dB
for mobile booster and 20 dB for fixed indoor boosters.

r) Ensure that the Uplink gain decrease to the specified levels within 1 second for
mobile devices and 3 seconds for fixed devices.
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_ s) Repeat 7.9.13 — 7.9.18 for all operational uplink bands.

5.9.1 E.U.T. Operation:

-30 °C and +50
46.3 %
1010 mbar
5.9.2 Test Data:
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Note : Path loss = 20logf + 20logd — 27.5
Polarity loss = 20Log (2/Sin (45deg)) dB = 9.03dB
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-52 -41 11.27 52.27 40.33 58.33 PASS
-51 -41 10.38 51.38 40.33 57.33 PASS
-48 -41 9.46 50.46 40.33 54.33 PASS
-46 -41 5.94 46.94 40.33 52.33 PASS
-43 -41 4.63 45.63 40.33 49.33 PASS
-41 -41 3.62 44.62 40.33 47.33 PASS
-52 -41 11.34 52.34 48.04 66.04 PASS
-50 -41 10.51 51.51 48.04 64.04 PASS
-47 -41 9.36 50.36 48.04 61.04 PASS
-45 -41 5.81 46.81 48.04 59.04 PASS
-43 -41 4.58 45.58 48.04 57.04 PASS
-42 -41 3.51 44.51 48.04 56.04 PASS
-53 -41 10.57 51.57 38.81 57.81 PASS
-51 -41 9.63 50.63 38.81 55.81 PASS
-50 -41 6.81 47.81 38.81 54.81 PASS
-45 -41 3.72 44.72 38.81 49.81 PASS
-40 -41 1.91 42.91 38.81 44.81 PASS
-39 -41 0.21 41.21 38.81 43.81 PASS
-52 -41 11.37 52.37 39.01 57.01 PASS
-50 -41 8.21 49.21 39.01 55.01 PASS
-49 -41 7.25 48.25 39.01 54.01 PASS
-46 -41 4.01 45.01 39.01 51.01 PASS
-40 -41 2.25 43.25 39.01 45.01 PASS
-38 -41 1.98 42.98 39.01 43.01 PASS
-40 -41 291 43.91 39.01 45.01 PASS
-38 -41 1.83 42.83 39.01 43.01 PASS
-52 -41 11.81 52.81 47.26 65.26 PASS
-50 -41 8.83 49.83 47.26 63.26 PASS
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-49 -41 7.00 48.00 47.26 62.26 PASS
-46 -41 4.51 45.51 47.26 59.26 PASS
-40 -41 2.31 43.31 47.26 53.26 PASS
-38 -41 1.25 42.25 47.26 51.26 PASS
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Variable Uplink Gain Timing

Variable Uplink Gain Timing

Operation Measured Limit
Band Sec Sec

Band 5 1.28 3.0 PASS
Band 4 1.19 3.0 PASS

Result

Band 12 1.38 3.0 PASS
Band 13 1.52 3.0 PASS

Band 25 1.56 3.0 PASS
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5.10 Occupied Bandwidth

This measurement is required to compare the uniformity of the output signal
relative to the input signal and to satisfy the requirements of §2.1049.

Signal Generator » Spectrum Analyzer

Figure 6 — Test setup for measuring characteristics of test signals

used for subsequent EUT occupied bandwidth testing

a) Connect the test equipment as shown in Figure 7 to measure the characteristics
of the test signals produced by the signal generator.
b) Set VBW to = 3X RBW

c) Set the center frequency of the spectrum analyzer to the center of the
operational band. The span will be adjusted for each modulation type and
occupied bandwidth as necessary for accurately viewing the signals.

d) Set the signal generator for power level to match the values obtained in section
7.2.

e) Set the signal generator modulation type for GSM with a PBRS pattern and
allow the trace on the signal generator to stabilize adjusting the span as
necessary.

f) Set the spectrum analyzer RBW for 1% to 5% of the emissions bandwidth.

g) Capture the spectrum analyzer trace for inclusion in the test report.

h) Repeat steps 7.10.3 — 7.10.7 for CDMA and WCDMA modulation adjusting the
span as necessary for all uplink and downlink operational bands. [AWGN or LTE
may be used in place of WCDMA, as an option]

i) Connect the test equipment as shown in Figure 1. Begin with the uplink output
connected to the spectrum analyzer

j) Repeat steps 7.10.3 — 7.10.8 in this new configuration.

5.10.1E.U.T. Operation:

-30 °C and +50

46.3 %

1010 mbar

5.10.2Test Data:
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Band 5 AWGN 4.5429 4.5442 PASS
Band 4 AWGN 4.5277 4.5191 PASS
Band 12 AWGN 4.5397 4.5408 PASS
Band 13 AWGN 4.5466 4.5333 PASS
Band 25 AWGN 4.5298 4.5403 PASS
Band 5 AWGN 4.5398 4.5389 PASS
Band 4 AWGN 4.5218 4.5328 PASS
Band 12 AWGN 4.5332 4.5268 PASS
Band 13 AWGN 4.5297 4.5407 PASS
Band 25 AWGN 4.5292 4.5503 PASS
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Band 4 AWGN DL Input
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Band 4 AWGN UL Input
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Band 12 UL Input

Agilent Spectrum Analyzer - Occupied BW
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Band 12 UL output
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Band 12 DL Input

Agilent Spectrum Analyzer - Occupied BW
[ | RF |soe ac | SEMSE:INT| SOURCE OFF W BLIGM CFF 05:21:59 &M Jun 20, 2023
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Band 13 UL Input

Agilent Spectrum Analyzer - Occupied BW
[ | RF |soe ac | SEMSE:INT| SOURCE OFF W BLIGM CFF 05:22:16 AM Jun 20, 2023
Center Freq 782.000000 MHz Center Freq: 752.000000 MHz Radio $td: None Frequency

Gl Trig: Free Run Avg|Hold:>10{10
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4Res BW 100 kHz #VBW 300 kHz Sweep 1.267 ms

Occupied Bandwidth Total Power 15.3 dBm
4.5446 MHz

Transmit Freq Error 10.852 kHz OBW Power 99.00 %
x dB Bandwidth 5.123 NHz x dB -26.00 dB

IMSG STATUS

Band 13 UL output

Agilent Spectrum Analyzer - Occupied BW
| RF [ 509  AC | SEMSE:INT| SOURCE OFF A\ALIGN OFF 05:23:57 AM Jun 20, 2023

Center Freq 782.000000 MHz Center Freq: 782.000000 MHz Radie Std: None Frequency
~ ) Trig:Free Run Avg|Hold:>10/10

#IFGain:Low ™ #Atten:0 dB Radio Device: BTS

Ref -20.00 dBm

Center 782 MHz ' ' ' ~ span 10 MHz|

» CF Step
Res BW 100 kHz #VBW 300 kHz Sweep 1.267 ms e

Occupied Bandwidth Total Power -31.8 dBm
4.5333 MHz —

Transmit Freq Error -255 Hz OBW Power 99.00 % ki
x dB Bandwidth 5.117 MHz x dB -26.00 dB

IMSG STATUS
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Band 13 DL Input

Agilent Spectrum Analyzer - Occupied BW
[ | RF |soe ac | SEMSE:INT| SOURCE OFF W BLIGM CFF 05:22:32 &AM Jun 20, 2023
Center Freq 751.000000 MHz Center Freq: 751.000000 MHz Radio $td: None Frequency

Gl Trig: Free Run Avg|Hold:>10{10
#IFGain:Low #Atten: 0 dB Radio Device: BTS

Ref 20.00 dBm _

Center Freq
751.000000 MHz

Center 751 MHz ] "~ Span 10 MHz
4Res BW 100 kHz #VBW 300 kHz Sweep 1.267 ms

Occupied Bandwidth Total Power 19.4 dBm
4.5297 MHz

Transmit Freq Error 3.472 kHz OBW Power 99.00 %
x dB Bandwidth 5.138 NIHz x dB -26.00 dB

IMSG STATUS

Band 13 DL output

Agilent Spectrum Analyzer - Occupied BW
| RF [ 509  AC | SEMSE:INT| SOURCE OFF A\ALIGN OFF 05:24:10 AM Jun 20, 2023

Center Freq 751.000000 MHz Center Freq: 751.000000 MHz Radie Std: None Frequency
~ ) Trig:Free Run Avg|Hold:>10/10

#IFGain:Low ™ #Atten:0 dB Radio Device: BTS

Ref -20.00 dBm

Center Freq
751.000000 MHz

Center 751 MHz ' ' ' ~ span 10 MHz|

» CF Step
Res BW 100 kHz #VBW 300 kHz Sweep 1.267 ms e

Occupied Bandwidth Total Power -31.6 dBm
4.5407 MHz FreqOffset

Transmit Freq Error 4,027 kHz OBW Power 99.00 % 0Hz
x dB Bandwidth 5.118 MHz x dB -26.00 dB

IMSG STATUS
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Band 25 UL Input

Agilent Spectrum Analyzer - Occupied BW

[ | SEMSE:MT[SOURCE OFF | /NALIGN DFF 05:24:15 AM Jun 17, 2023
Center Freq 1.882500000 GHz Center Freq: 1.882500000 GHz Radie Std: Nene Frequency

Gl Trig: Free Run Avg|Hold:>10{10
#IFGain:Low #Atten: 0 dB Radio Device: BTS

Ref 20.00 dBm

Center Freq
1.882600000 GHz

Center 1.883GHz ] "~ Span 10 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 1.267 ms

Occupied Bandwidth Total Power 14.2 dBm
4.5298 MHz

Transmit Freq Error -2.894 kHz OBW Power 99.00 %

x dB Bandwidth 5.139 MHz x dB -26.00 dB

IMSG STATUS

Band 25 UL output

Agilent Spectrum Analyzer - Occupied BW
L | SEMSE:INT| SOURCE OFF A\ALIGN OFF 02:26:04 AM Jun 17, 2023

Center Freq 1.882500000 GHz Center Freq: 1.382500000 GHz Radio Std: None TracelDetector
~ ) Trig:Free Run Avg|Hold:>10/10

#IFGain:Low ™ #Atten:0 dB Radio Device: BTS

Ref -20.00 dBm

Clear Write

Span 10 MHz|
#Res BW 100 kHz #VBW 300 kHz Sweep 1.267 ms

Occupied Bandwidth Total Power -31.0 dBm
4.5403 MHz

Transmit Freq Error -5.346 kHz OBW Power 99.00 %
x dB Bandwidth 5.108 MHz x dB -26.00 dB

= 1/File <Screen_0246.png> saved
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Agilent Spectrum Analyzer - Occupied BW

Band 25 DL Input

| SEMSE:INT| SOURCE OFF

AW ALIGN OFF

Test Report Number:BTF230713R00401

08:25:06 AM Jun 17, 2023

.Center Freq 1.962500000 GHz

e
#IFGain:Low

Ref 20.00 dBm

Center 1.963 GHz
#Res BW 100 kHz
Occupied Bandwidth
4.5292 MHz
-1.700 kHz
5.121 MHz

Transmit Freq Error
x dB Bandwidth

Center Freq: 1962500000 GHz
—— Trig: Free Run
#Atten: 0 dB

#VBW 300 kHz

Total Power

OBW Power
x dB

Radio $td: None Frequency

Avg|Hold:> 10110

Radio Device: BTS

Center Freq
1962600000 GHz

Span 10 MHz
Sweep 1.267 ms

20.2 dBm

99.00 %
-26.00 dB

IMSG

STATUS

Agilent Spectrum Analyzer - Occupied BW

Band 25 DL output

| SEMSE:INT| SOURCE OFF

A\ALIGN OFF

08:25:44 &M Jun 17, 2023

Center Freq 1.962500000 GHz

(-
#IFGain:Low

Center Freq: 1962500000 GHz
= Trig:Free Run
#Atten: 0 dB

Radie Std: Nohe TracelDetector

Avg|Hold:>10/10

Radio Device: BTS

Ref -20.00 dBm

#Res BW 100 kHz

Occupied Bandwidth

4.5503 MHz
-8.944 kHz
5.108 MHz

Transmit Freq Error
x dB Bandwidth

#VBW 300 kHz

Total Power

OBW Power
x dB

Clear Write

Span 10 MHz|
Sweep 1.267 ms

-32.7 dBm

99.00 %
-26.00 dB

Total or partial reproduction of this document without permission of the Laboratory is not allowed.

BTF Testing Lab (Shenzhen) Co., Ltd.

Page 122 of 154

F101, 201 and 301, Building 1, Block 2, Tantou Industrial Park, Tantou Community, Songgang Street, Bao'an District, Shenzhen, China



]
B Test Report Number:BTF230713R00401
LAB

5.11 Oscillation Detection

This measurement is required to demonstrate compliance to the Anti-Oscillation
specification for Wideband Consumer Signal Boosters provided in
§20.21(e)(8)(ii)(A)

For this measurement two EUTs will be permitted, one operating in a normal mode
and the second operating in a test mode that is capable of disabling the uplink
inactivity squelching and or a reduction of the time between restarts to 5 seconds.
This will greatly decrease the test time required.

Donor Port Server Port
Directional
Coupler
—
EUT -
Laeest
Coupled Port
from EUT
P s
\ v
= Variable RF
RF Bandpass Filter - AenRtoR —' | Spectrum Analyzer

NOTE—This figure shows the test setup for uplink bands transmission path tests: i.e . signal flow is out from the donor port into the directional
coupler. For downlink bands transmission path tests. the feedback signal flow path direction and equipment connections shall be reversed. 1.e_,
signal flow is out from the server port into the directional coupler, and signal flow is into the donor port from the variable RF attenuator.

Figure 7 — Oscillation detection (7.11.2) test setup

Spectrum Signal

Analyzer Generator
T e
Directional -~ Band-Pass 2 Directional "
Coupler i EUT Filter Coupler
Varizble

A

Attenuator

Figure 8 — Oscillation mitigation/shutdown test setup

a) Connect the EUT set for normal operation to the test equipment as shown in
Figure 8 beginning with the RF detector on the uplink output side of the RF path.
Ensure that the RF coupled path is connected to the RF detector.

Note: The band pass filter shall provide sufficient out-of-band rejection to prevent
oscillations from occurring in bands not under test.

b) Set the oscilloscope for a positive edge trigger and single trigger operation.

c) Set the attenuation as necessary until the oscilloscope triggers and increase the
attenuation level to a point 10 dB above that point.

d) Reset the trigger of the oscilloscope and reset the EUT with a power cycle.

e) Force the EUT to oscillate this will trigger the oscilloscope.

f) Use the CURSOR function of the oscilloscope to measure the time from the
detection of oscillation until the EUT turns off by setting CURSOR 1 on the
leading edge of the signal and CURSOR 2 on the trailing edge.

g) Capture the oscilloscope trace for inclusion in the test report.

h) Repeat steps 7.11.2 to 7.11.7 for all operational uplink and downlink bands.
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i) Set the oscilloscope time base for longer than 1 minute and measure the restart
time for each operational uplink and downlink band.

j) Replace the normal operating EUT for the EUT with the test mode.

k) Set the oscilloscope time base for a minimum 120 seconds with an AUTO
Trigger and a single sweep.

I) Start the Oscilloscope and a manually force the booster into oscillation.

m) When the sweep is complete place cursors between the first two oscillation
detections and save the plot for inclusion in the test report. The time between
restarts must match the manufacturer’s timing for the test mode and there can
be no more than 5 restarts.

n) Repeat steps 7.11.12 to 7.11.13 for all operational uplink and downlink bands.

Note: In lieu of an oscilloscope and RF detector, a spectrum analyzer set for 0
span, can be used to enhance sensitivity, with a center frequency set equal to
the center of the operational band for broadband oscillation or a discrete
frequency of oscillation. RBW shall be at least 1 MHz with VBW = 3 times

RBW using a peak detector.

5.11.1E.U.T. Operation:

Operating Environment:

Temperature: -30 °C and +50
Humidity: 46.3 %
Atmospheric Pressure: 1010 mbar

5.11.2 Test Data:
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Band 5
Band 4 0.030 0.300 PASS
Band 12 0.030 0.300 PASS
Band 13 0.035 0.300 PASS
Band 25 0.040 0.300 PASS
Band 5 0.030 0.300 PASS
Band 4 0.035 0.300 PASS
Band 12 0.040 0.300 PASS
Band 13 0.035 0.300 PASS
Band 25 0.030 0.300 PASS
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