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1 Test Standard

The tests were performed according to following standards:

ETSI EN 300 328 V2.2.2(2019-07) — Electromagnetic compatibility and Radio spectrum Matters (ERM);
Wideband transmission systems; Data transmission equipment operating in the 2,4 GHz ISM band and using
wide band modulation techniques; Harmonized EN covering essential requirements under article 3.2 of the

RED Directive
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2 Summary

2.1 Product Description

The “EUT” as referred to in this report; more general information as follows, for more details, refer to the

user’s manual of the EUT.

Name of EUT Mini Multi-Mode Gateway
Model Number IMMGW -mini, IMMGW-minil, IMMGW-mini2
Operation frequency Zigbee: O-QPSK

Channel Numbers

Zigbee: 16 Channels

Channel Separation SMHz for Zigbee
Antenna Type PCB Antenna
Antenna Gain 1dBi

DC 5V/1.0A power from adapter:
Model: TPA-147C050100VUO1

Ratings
Input: AC 100-240V, 50/60Hz, 0.2A
Output: DC 5V, 1.0A, 5.0W

Sample No. TH2209253

2.2 Equipment Under Test

Description of the test mode

Channel (ﬁglz' ) Channel (ﬁﬁqz') Channel (lli/l[.glz.) Channel (lli/l[.glz.)
11 2405 12 2410 13 2415 14 2420
15 2425 16 2430 17 2435 18 2440
19 2445 20 2450 21 2455 22 2460
23 2465 24 2470 25 2475 26 2480

2.3 Equipment Under Test
For more details, refer to the user’s manual of the EUT.

2.4 EUT operation mode

The EUT has been tested under typical operating condition. The Applicant provides software to control the

EUT for staying in continous transmitting and receiving mode for testing.

2.5 EUT configuration

The following peripheral devices and interface cables were connected during the measurement:

e - supplied by the manufacturer

o - supplied by the lab
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2.6 Modifications

No modifications were implemented to meet testing criteria.

2.7 Test Conditions and Channel

Normal Test Conditions Extreme Test Conditions
Temperature 15°C - 35°C -20°C ~ 35°C Note: (1)
Relative Humidity 20% - 75% N/A
Test Channel EUT Channel Test Frequency (MHz)
lowest CHI11 2405
middle CH18 2440
highest CH26 2480

Note:

(1) Where tests at extreme temperatures are required, measurements shall be made over the extremes of
the operating temperature range as declared by the manufacturer.
The HT 35°C and LT -20°C was declared by manufacturer, The EUT couldn’t be operate normally
with higher or lower temperature.

(2) The measurements are performed at the highest, middle, lowest available channels.
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3 Test Environment

3.1 Environmental conditions

During the measurement the environmental conditions were within the listed ranges:

Normal Temperature: 25 °C
High Temperature: 35 °C
Low Temperature: -20 °C
Normal Voltage: DC 5V
Relative Humidity: 55 %
Air Pressure: 989 HPa

3.2 Test Description

EN 300 328 vV2.2.2
Clause | Test Parameter Results
TRANSMITTER PARAMETERS
4322 RF Output Power Pass
4323 Power Spectral Density Pass
43.2.6 Adaptivity Not Applicable (Note)
43.2.7 Occupied Channel Bandwidth Pass
Transmitter unwanted emission in the OOB
43.2.8 ] Pass
domain
Transmitter unwanted emissions in the spurious
43.2.9 ] Pass
domain
43.2.12 Geo-location capability Not Applicable
RECEIVER PARAMETERS
4.3.2.10 Receiver Spurious Emissions Pass
43.2.11 Receiver Blocking Pass

Remark: The measurement uncertainty is not included in the test result.
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3.3 Statement of the measurement uncertainty

The data and results referenced in this document are true and accurate. The reader is cautioned that there
may be errors within the calibration limits of the equipment and facilities. The measurement uncertainty
was calculated for all measurements listed in this test report acc. to TR-100028-01" Electromagnetic
compatibility and Radio spectrum Matters (ERM);Uncertainties in the measurement of mobile radio
equipment characteristics;Part 1” and TR-100028-02 “Electromagnetic compatibilityand Radio spectrum
Matters (ERM);Uncertainties in the measurementof mobile radio equipment characteristics;Part 2 “ and is
documented in the Bontek Compliance Testing Laboratory quality system acc. to DIN EN ISO/IEC 17025.
Furthermore, component and process variability of devices similarto that tested may result in additional
deviation. The manufacturer has the sole responsibility of continued compliance of the device.

Test Items Measurement Uncertainty | Notes

RF Output Power +0.352 dB

Transmitter power conducted +1.24 dB (1)
Power Spectral Density +1.50 dB (1)
Occupied Channel Bandwidth +0.0005% (D
Duty cycle, Tx-sequence and Tx-gap&Medium utilization +0.566% (1)
Adjacent channel power +0.751 dB (1)
Conducted spurious emission (30-1000HMz) +0.746 dB (1)
Conducted spurious emission (1000-12750HMz) +1.328 dB (1)
Conducted spurious emission (12750-26000HMz) +1.04 dB (1)
All emission, radiated +6 dB (1)

Note: (1) This uncertainty represents an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=1.96.
(2)The measurement uncertainty is not included in the test result.

3.4 Equipments Used during the Test

Radiated Emission (3m)

Kind of Equipment Manufacturer Type S/N Calibrate until

EMI Test Receiver R&S ESR7 102333 2022-11-15

MXA Signal Analyzer | Keysight N9020A MY50143107 2023-04-15

Bilog Antenna Schwarzbeck VULB 9168 01148 2022-11-20

Pre-Amplifier Schwarzbeck BBV 9718 B 00109 2022-11-16

Pre-Amplifier Schwarzbeck BBV 9743 B 00253 2022-11-15

Horn Antenna Schwarzbeck BBHA 9120 02379 2022-11-20

RF Test System

Widsband radtp R&S CMW3500 131134 2022-11-15

communication tester

EXA Signal Analyzer | Keysight N9010A MY 54488841 2023-04-15

MXG Vector Signal | Agilent N5182B MY59100603 2022-11-15
enerator

MXG Analog Signal | A gijent SMB100A 103827 2022-11-15
enerator

RF control unit Tonscend JS0806-2 21C8060397 2022-12-08

DC Power supply Agilent E3632A MY50120052 /

Software Version Information

EMI Conduction Test | FALA E-EMC Ver. EMC-CON 3A1.1 | N/A

EMI Radiation test FALA E-EMC Ver. FA-03A2 RE+ N/A

RF test system Tonscend TS1120-3 Ver: 2.6.88.0346 N/A

RF Communication | p ¢g CMW 500 Ver: V2.6.88.0346 N/A

test system
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4 Test Conditions and Results

4.1 ETSI EN 300 328 REQUIREMENTS
4.1.1. Maximum Transmit Power

Limit

Condition Frequency BAND Limit (e.i.r.p.)

Under all test conditions 2400 ~ 2483.5 MHz 20dBm

Test Procedure

Refer to chapter 5.4.2.2 of ETSI EN 300 328 V2.2.2.

Measurement

Xl Conducted measurement [ ] Radiated measurement

Deviation From Test Standard
No deviation.

Test Setup

The measurement was performed at both normal environmental conditions and at the extremes of
the operating temperature. The measurement was performed at the lowest, the middle, and the
highest channel. The equipment was configured to operate under its worst case situation with
respect to output power. (In case of conducted measurements the transmitter shall be connected to
the measuring equipment via a suitable attenuator.) Controlling software has been activated to set
the EUT on specific channel and power level.

Test Results
EIRP Power (dBm)
Test Condition (CH11) (CH18) (CH26)
2405MHz 2440 MHz 2480 MHz
0-QPSK
Tnom(C)| +25 6.57 6.61 7.02
Tmin('C)| -20 | Vnom(v) 6.52 6.53 6.86
Tmax(C)| +35 6.53 6.60 7.01

NOTE: 1. EIRP = Conducted output power + ANT Gain.
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4.1.2. Maximum e.i.r.p. Pectral Density

Limit

Condition frequency BAND Limit (e.i.r.p.)

Under normal conditions 2400 ~ 2483.5 MHz 10dBm / 1MHz

Test Procedure

Refer to chapter 5.4.3.2 of ETSI EN 300 328 V2.2.2.

Measurement Method

Xl Conducted measurement [ ]Radiated measurement

>< Option 1: For equipment with continuous and non-continuous transmissions

|| Option 2: For equipment with continuous transmission capability or for equipment operating (or with
the capability to operate) with a constant duty cycle (e.g. Frame Based equipment)

Deviation From Test Standard

No deviation.

Test Setup

The measurement was performed at normal environmental conditions only. The measurement was performed
at the lowest, the middle, and the highest channel. The equipment was configured to operate under its wors
case situation with respect to output power. (In case of conducted measurements the transmitter shall be
connected to the measuring equipment via a suitable attenuator.) Controlling software has been activated to
set the EUT on specific status

Test Results
Channel Power Density Limit
Channel Frequency (dBm/1MHz) (dBm/1MHz) Pass/Fail
(MHz) (E.ILR.P) (E.L.LR.P)

00 2405 -10.630 10 Pass

07 2440 -10.392 10 Pass

15 2480 -10.669 10 Pass
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4.1.3. Occupied Channel Bandwidth

Limit
Condition Limit
. Shall fall completely within the band 2400
All types of equipment t0 2483.5 MHz.
For non-adaptive using wide band
modulations other than FHSS system Less than 20MHz
Additional and e.i.r.p >10dBm.
requirement . dativel® Hoon:
or non-adaptive Frequency Hopping
system and e.i.r.p >10dBm. Less gion SMHz

Test Procedure

Refer to chapter 5.4.7.2 of ETSI EN 300 328 V2.2.2.

Measurement

< Conducted measurement

[ ]Radiated measurement

Deviation From Test Standard

No deviation.

Test Setup

The measurement was performed at normal environmental conditions only. This measurement was
performed at the lowest and the highest channel. The equipment was configured to operate under its worst
case situation with respect to output power. (In case of conducted measurements the transmitter shall be

connected to the measuring equipment via a suitable attenuator.) Controlling software has been activated to
set the EUT on specific status.

Test Results
Channel Occupied | Measured frequencies
Channel | Frequency | bandwidth Limit Pass/Fail
(MHz) (MHz) FL (MHz) | FH (MHz)
00 2405 2.2695 | 2404.1700 | 2406.4395 | FL> 2403 MHz | pass
an
15 2480 2.3551 2479.3243 | 2481.6794 |Fy<2483.5 MHz| Pass
Note:  FL is the lowest frequency of the 99% occupied bandwidth of power envelope.

FH is the highest frequency of the 99% occupied bandwidth of power envelope.
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4.1.4. Protocol Transmitter Unwanted Emissions in the out-of-band domain

Limit

Condition

Limit

Under all test conditions

The transmitter unwanted emissions in the out-of-band domain
but outside the allocated band, shall not exceed the values
provided by the mask in below figure.

_/,ifr —

Spurinus Domain Out Of Band Domain {O0B) Alfocated Band Out COf Band Domain (O0B) Spurious Domain
A
B i
c

2400 MHz - 28 2 400 MHz - BW 2 400 MHz 24835MHz 24835 MHz+BW 24835 MHz + 2BW
A: -10 dBmMHz e.irp ) .
B: -20 dBmMHz e.irp. BW = Qccupied Channel Bandwidih in MHz or 9 MHz whichever is grealer
C: Spuriowrs Domain fimits

Test Procedure

Refer to chapter 5.4.8.2 of ETSI EN 300 328 V2.2.2.

Measurement

X Conducted measurement [ ]Radiated measurement

Deviation From Test Standard

No deviation.

Test Setup

The measurement was performed at normal environmental conditions only. This measurement was

performed at the lowest and the highest channel. The equipment was configured to operate under its worst
case situation with respect to output power. (In case of conducted measurements the transmitter shall be
connected to the measuring equipment via a suitable attenuator.) The frequency has to be recorded for the

right and left end above threshold of highest and lowest channel respectively.

Test Results
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Channel Frequency
(MHz) 2405MHz 2480MHz
OOB Emission (MHz) OOB Emission (MHz)
s i e 2398.94 2397.88 2483.5 2484.56
~2400 ~2398.94 ~2484.56 ~2485.62
Freq. | Power Freq. Power Freq. Power Freq. Power
Temperature | Voltage | \yppy | (qmy | (MHz) | (dBm) | (MHz) | (dBm) | (MHz) | (dBm)
Tnorm(‘C) | +25 | Normal | 2399.3 | -47.77 | 2398.43 | -64.36 | 2484.05 | -59.20 | 2485.17 | -61.73
Limit (dBm/MHz) -10.00 -20.00 -10.00 -20.00
Pass/Fail Pass Pass Pass Pass
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4.1.5. Transmitter Spurious Emissions
Limit

Transmitter limits for narrowband spurious emissions:

Maximum Power Limit
Frequency Range (e.r.p. (£1 GHz) Bandwidth
e.i.r.p. > 1 GHz))

30 MHz to 47 MHz -36dBm 100kHz

47 MHz to 74 MHz -54dBm 100kHz
74 MHz to 87,5 MHz -36dBm 100kHz
87,5 MHz to 118 MHz -54dBm 100kHz
118 MHz to 174 MHz -36dBm 100kHz
174 MHz to 230 MHz -54dBm 100kHz
230 MHz to 470 MHz -36dBm 100kHz
470 MHz to 694 MHz -54dBm 100kHz

694 MHz to 1 GHz -36dBm 100kHz

1GHz ~ 12.75GHz -30dBm IMHz

Note: These limits are e.r.p. for emissions up to 1 GHz and as e.i.r.p. for emissions above 1GHz.

Test Procedure

Refer to chapter 5.4.9.2 of ETSI EN 300 328 V2.2.2.

Measurement

[ | Conducted measurement D<{ Radiated measurement

For Conducted measurement:

The level of unwanted emissions shall be measured as their power in a specified load (conducted
spurious emissions) and their effective radiated power when radiated by the cabinet or structure of the
equipment with the antenna connector(s) terminated by a specified load (cabinet radiation).

Conducted measurement (For equipment with multiple transmit chains):

|| Option 1: The results for each of the transmit chains for the corresponding 1MHz segments shall
be added and compared with the limits.

|| Option 2: The results for each of the transmit chains shall be individually compared with the limits
after these limits have been reduced by 10 x log (N) (number of active transmit chains)

Deviation From Test Standard

No deviation.

Test Setup

For the actual test configuration, please refer to the related Item in this test report (Photographs of the Test
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Configuration).

The equipment was configured to operate under its worst case situation with respect to output power.
The measurement was performed at normal environmental conditions only. Controlling software has been

activated to set the EUT on specific status.

This measurement was performed at the lowest and the highest channel.

Test Results
Frequency Range |30MHz ~ 12.75GHz Operating Channel (11
Spurious Emissions Level

Frequency Antenna Level Limit Margin
(MHz) Polarization (dBm) (dBm) (dB)
140.10 H -37.29 -36.00 -1.29
69.99 \ -68.02 -54.00 -14.02
906.79 H -48.30 -36.00 -12.30
876.45 \ -48.98 -36.00 -12.98
4962.14 H -40.80 -30.00 -10.80
4963.73 \ -38.90 -30.00 -8.90

Frequency Range 30MHz ~ 12.75GHz Operating Channel 26
Spurious Emissions Level

Frequency Antenna Level Limit Margin
(MHz) Polarization (dBm) (dBm) (dB)
84.72 H -42.03 -36.00 -6.03
52.81 \Y -57.32 -54.00 -3.32
257.79 H -39.29 -36.00 -3.29

378.34 Vv -49.40 -36.00 -13.40
4960.22 H -42.47 -30.00 -12.47

4960.87 \Y -44.54 -30.00 -14.54
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4.1.6. Receiver Spurious Emissions

Limit
Maximum Power Limit
Frequency Range (er.p. (=1 GHz)
e.i.r.p. > 1 GHz)
30MHz ~ 1GHz -57dBm
1GHz ~ 12.75GHz -47dBm

Test Procedure

Refer to chapter 5.4.10.2 of ETSI EN 300 328 V2.2.2.

Measurement

[]Conducted measurement Xl Radiated measurement

For Conducted measurement:

The level of unwanted emissions shall be measured as their power in a specified load
(conducted spurious emissions) and their effective radiated power when radiated by the cabinet
or structure of the equipment with the antenna connector(s) terminated by a specified load
(cabinet radiation).

Conducted measurement (For equipment with multiple transmit chains):

|_]Option 1: The results for each of the transmit chains for the corresponding 1MHz segments
shall be added and compared with the limits.

|| Option 2: The results for each of the transmit chains shall be individually compared with the
limits after these limits have been reduced by 10 x log (N) (number of active transmit
chains)

Deviation From Test Standard

No deviation.

Test Setup

For the actual test configuration, please refer to the related Item in this test report (Photographs of the Test
Configuration).

Testing was performed when the equipment was in a receive-only mode.

The measurement was performed at normal environmental conditions only. Controlling software has been

activated to set the EUT on specific status.
This measurement was performed at the lowest and the highest channel.
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Test Results
Frequency Range 30MHz ~ 12.75GHz Operating Channel 11
Spurious Emissions Level
Frequency Antenna Level Limit Margin
(MHz) Polarization (dBm) (dBm) (dB)
249.85 H -70.74 -57 -13.74
287.16 Vv -68.71 -57 -11.71
817.58 H -69.00 -57 -12.00
849.13 Vv -73.82 -57 -16.82
1705.50 H -59.40 -47 -12.40
1834.73 Vv -60.21 -47 -13.21
2571.64 H -55.50 -47 -8.50
2835.63 Vv -61.90 -47 -14.90
Frequency Range 30MHz ~ 12.75GHz Operating Channel |26
Spurious Emissions Level
Frequency Antenna Level Limit Margin
(MHz) Polarization (dBm) (dBm) (dB)
251.44 H -71.46 -57 -14.46
287.47 Vv -67.56 -57 -10.56
820.28 H -66.39 -57 -9.39
846.41 V -75.59 -57 -18.59
1705.37 H -56.72 -47 -9.72
1836.38 Vv -58.34 -47 -11.34
2572.98 H -57.72 -47 -10.72
2835.21 Vv -62.96 -47 -15.96
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4.1.7. Receiver Blocking

This requirement applies to all receiver categories.

Receiver Category

|| Category 1(EIRP>10dBm) |[<] Category 2(EIRP=10dBm)| |Category 3(EIRP =0dBm)

Minimum performance criterion

XIPER =10%

|| Alternative performance criteria (See note)

Note: The manufacturer was declared the minimum performance criterion shall be no loss of the wireless
transmission function needed for the intended use of the equipment.

Receiver Category 1 Equipment

Wanti?d signal mean power Blocking Signal .Blocklng Type of blocking
rom companion Frequency Signal Power ional
device (dBm)(See note 1 and 4) (MHZz) (dBm) (See note 4) signa
(-133dBm+10x logio (OCBW) 2380
Or -68dBm whichever is less
(See note 2) 2504
2 300
2330 -34 any
(-139dBm+10xlogio (OCBW) 2360
Or -74dBm whichever is less
(See note 3) 2524
2584
2674

NOTE 1: OCBW is in Hz.

NOTE 2: In case of radiated measurements using a companion device and the level of the wanted signal
from the companion device cannot be determined, a relative test may be performed using a
wanted signal up to Pmin + 26 dB where Pmin is the minimum level of wanted signal required
to meet the minimum performance criteria as defined in clause 4.3.1.12.3 in the absence of any
blocking signal.

NOTE 3: In case of radiated measurements using a companion device and the level of the wanted signal
from the companion device cannot be determined, a relative test may be performed using a
wanted signal up to Pmin + 20 dB where Pmin is the minimum level of wanted signal required
to meet the minimum performance criteria as defined in clause 4.3.1.12.3 in the absence of any
blocking signal.

NOTE 4: The level specified is the level at the UUT receiver input assuming a 0 dBi antenna assembly
gain. In case of conducted measurements, this level has to be corrected for the (in-band)
antenna assembly gain (G). In case of radiated measurements, this level is equivalent to a
power flux density (PFD) in front of the UUT antenna with the UUT being
configured/positioned as recorded in clause 5.4.3.2.2.
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Receiver Category 2 Equipment

Wanted signal mean power Blocking Signal Blocking Type of
from companion Frequency Signal Power blocking
device (dBm)(See note 1 and 3) (MHz) (dBm) (See note 3) signal
(-139dBm+10xlog1o 2380
(OCBW)+10dB) Or - 2504 34 ow
74dBm+10dB) whichever is 2 300
less(See note 2) 2584

NOTE 1: OCBW is in Hz.

NOTE 2: In case of radiated measurements using a companion device and the level of the wanted signal
from the companion device cannot be determined, a relative test may be performed using a
wanted signal up to Pmin + 26 dB where Pmin is the minimum level of wanted signal
required to meet the minimum performance criteria as defined in clause 4.3.1.12.3 in the
absence of any blocking signal.

NOTE 3: The level specified is the level at the UUT receiver input assuming a 0 dBi antenna assembly
gain. In case of conducted measurements, this level has to be corrected for the (in-band)
antenna assembly gain (G). In case of radiated measurements, this level is equivalent to a
power flux density (PFD) in front of the UUT antenna with the UUT being
configured/positioned as recorded in clause 5.4.3.2.2.

Receiver Category 3 Equipment
Wanted signal mean power from Blocking Signal Blocking Type of
companion Frequency Signal Power blocking
device (dBm) (See note 1 and 3) (MHz) (dBm) (See note 3) signal
(-139dBm+10xlog1o(OCBW)+20dB) ; igg
Or -74dBm+20dB) whichever is 5300 -34 cw
less(See note 2) 5584

NOTE 1: OCBW is in Hz.

NOTE 2: In case of radiated measurements using a companion device and the level of the wanted signal
from the companion device cannot be determined, a relative the test may be performed using
a wanted signal up to Pmin + 30 dB where Pmin is the minimum level of wanted signal
required to meet the minimum performance criteria as defined in clause 4.3.1.12.3 in the
absence of any blocking signal.

NOTE 3: The level specified is the level at the UUT receiver input assuming a 0 dBi antenna assembly
gain. In case of conducted measurements, this level has to be corrected for the (in-band)
antenna assembly gain (G). In case of radiated measurements, this level is equivalent to a
power flux density (PFD) in front of the UUT antenna with the UUT being
configured/positioned as recorded in clause 5.4.3.2.2.
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Test Procedure

Refer to chapter 5.4.11.2. of ETSI EN 300 328 V2.2.2.

Measurement
<] Conducted measurement [ ] Radiated measurement

Deviation From Test Standard
No deviation.
Test Setup

e A

EEEEE

= Spectrum Analyzer
o HE @

Direct
Coupler

Attenuator

—a
—
(=)

Performance Monitor Device
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Test Results

Receiver Category 2 Equipment

Receiver blocking performance when operating at the lowest operating channel (CH11)

OCBWmin: 2.2695MHz

antenna gain(G): 2dBi

The actual blocking signal power(Notel)

X at the antenna connector

[ ] in front of the antenna

Notel: For the conducted measurements , the level shall be corrected as follows:
the actual blocking signal power = blocking signal power + antenna gain

Wanted signal Blocking The actual
mean powe_r signal blocking signal PER(%) Pass/Fail
from companion| frequency ower (dBm)
device (dBm) (MHz) P
2380 7.62 Pass
s 2504 24 7.71 Pass
2300 2.23 Pass
2584 1.94 Pass

Receiver blocking performance when operating at the Highest operating channel (CH26)

OCBWmin: 2.3551MHz

antenna gain(G): 2dBi

The actual blocking signal power(Notel)

DX at the antenna connector

[ ] in front of the antenna

Notel: For the conducted measurements , the level shall be corrected as follows:
the actual blocking signal power = blocking signal power + antenna gain

Wanted signal Blocking The actual
mean powe_r signal blocking signal PER(%) Pass/Fail
from companion| frequency ower (dBm)
device (dBm) (MHz) P
2380 8.52 Pass
s 2504 ] 1.20 Pass
2300 0.70 Pass
2584 1.40 Pass
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5. Phtotgraphs of the test configuration
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6. External and Internal Photos of the EUT

Reference to the test report No.: TH2209253-C01-R04
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