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** Modifited History **

Revision Description Issued Data Remark

Revision 1.0 Initial Test Report Release 2023/7/25 Andy Zhang
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1 TEST STANDARDS

The tests were performed according to following standards:

ETSI EN 300 328 V2.2.2 (2019-07) -Wideband transmission systems;Data transmission equipment operating
in the 2,4 GHz ISM band and using wide band modulation techniques; Harmonised Standard covering the
essential requirements of article 3.2 of Directive 2014/53/EU
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2 SUMMARY
2.1 General Remarks
Original test date:
Date of receipt of test sample 2023/6/5
Testing commenced on 2023/6/5
Testing concluded on 2023/7/25

2.2 Product Description
The Shenzhen wanbo Technology Co., Ltd.’s Model: WPB21 or 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.

Report No.: TZ230604429-WLAN1

Name of EUT

Wanbo Projector

Model(s) Number

WPB21

List Models

New T2,New T2 Max, T2 Max,T2 Max New,WPB2*(“*"=0-9 or A-Z or
any character or blank)

Difference descrption

All the same except for the model name and Color of appearance

Hardware version

WB_T2 V1.0

Software version

V1.0

Antenna Type

Integral

Wireless
Type

Working Frequency

Modulation Type

Version

Bluetooth

2402MHz-2480MHz

EDR: GFSK,8DPSK,m/4DQPSK
BLE: GFSK

5.0

WLAN(2.4G)

IEEE 802.11b:2412-2472MHz
IEEE 802.119:2412-2472MHz
IEEE 802.11n HT20:2412-2472MHz
IEEE 802.11n HT40: 2422-2462MHz

|EEE 802.11b:
DSSS(CCK,DQPSK,DBPSK)
|EEE 802.11g:

OFDM(64QAM, 16QAM, QPSK,
BPSK)

IEEE 802.11n HT20:

OFDM (64QAM, 16QAM,
QPSK,BPSK)

IEEE 802.11n HT40: OFDM
(64QAM, 16QAM, QPSK,BPSK)

WLAN(5G)

5180MHz to 5320MHz
5745MHz to 5825MHz

IEEE 802.11n :OFDM (64QAM,
16QAM, QPSK,BPSK)

IEEE 802.11a:0FDM (64QAM,
16QAM, QPSK,BPSK)

|EEE 802.11ac: OFDM
(256QAM, 64QAM, 16QAM,
QPSK, BPSK)
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2.3 Equipment Under Test
Power supply system utilised
Power supply voltage 0| 230V /50 Hz O [120V / 60Hz
0|12V DC O |24V DC
@ | Other (specified in blank below)
DC 19V by adpater
Description of the test mode
IEEE 802.11b/g/n/ax: Thirteen channels are provided to the EUT.
Channel Frequency(MHz) Channel Frequency(MHz)
1 2412 8 2447
2 2417 9 2452
3 2422 10 2457
4 2427 11 2462
5 2432 12 2467
6 2437 13 2472
7 2442
Test Frequency List
Test Frequency
Modulation Low Middle High
Type Frequency Frequency Frequency
Channel (MH2) Channel (MH2) Channel (MH2)
802.11b 1 2412 7 2442 13 2472
802.11g 1 2412 7 2442 13 2472
802.11n HT20 1 2412 7 2442 13 2472
802.11n HT40 3 2422 7 2442 11 2462
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2.4 Description of the Equipment under Test (EUT)

Reference documents:

802.11™ WLAN

Special test descriptions:

None

Configuration descriptions:

TX tests: performed at the lowest, the middle, and the highest channel

RX/Standby tests: WLAN test mode enabled, scan enabled, TX Idle

Test mode:

X Special software is used. EUT is transmitting pseudo random data by itself

802.11™ WLAN standard
capabilities:

X 802.11b:13; [X] 802.11g:13; [X] 802.11n HT20:13;

channel numbers: [ 802.11n HT40:9;

channel separation: | 5MHz

used freq. range: X12412-2472MHz; [X]2422-2462MHz
modulation types: DSSS,OFDM
Used Bandwidth: X]20MHz; [X]40MHz

2.5 EUT Classification

X stand alone equipment
Type of equipment: L] plug in radio equipment
] combined equipment
. ) X Wide Band Modulation (None Hopping — e.g. DSSS, OFDM)
Modulation types: L] Frequency Hopping Spread Spectrum (FHSS)
[] Frame Based Equipment
X Yes, LBT-based XLoad Based Equipment
L] Yes, non-LBT-based
Adaptive equipment: E Lis (but can be disabled)
X q value N/A
L] COT value
X CCA value 18us
Operating mode 1 (single antenna)
Equipment with 1 antenna,
n Equipment with 2 diversity antennas operating in switched diversity mode by
which at any moment in time only 1 antenna is used,
Smart antenna system with 2 or more transmit/receive chains, but operating in
a mode where only 1 transmit/receive chain is used)
Antennas and - . .
transmit operating Ope.ratlng mode 2_ (mL_JIt|pI9 antennas, no beamforming) .
modes: X Equipment operating in this mode contains a smart antenna system using two
or more transmit/receive chains simultaneously but without beamforming.
Operating mode 3 (multiple antennas, with beamforming)
Equipment operating in this mode contains a smart antenna system using two
L] or more transmit/receive chains simultaneously with beamforming. In addition
to the antenna assembly gain (G), the beamforming gain (Y) may have to be
taken into account when performing the measurements.
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2.6 EUT configuration

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

@ - supplied by the manufacturer

O - supplied by the lab

O| Computer Manufacture : ASUS
Model No.: X454L

O| AOC Monitor Manufacture : FuJianJieLian
Model No.: 280LM00003

Modifications
No modifications were implemented to meet testing criteria.

2.7 Internal Identification of EUT used during the test

SN or . . . Type of
*

EUT ID IMEI HW Version SW Version Date of receipt Test
TZ230604429-1# N/A WB T2 V1.0 V1.0 2023/6/5 Radio
TZ230604429-2# N/A WB T2 V1.0 V1.0 2023/6/5 EMC
2.8 NOTE

Function Test Standards Reference Report

ETSI EN 301 489-1 V2.2.3 (2019-11)
ETSI EN 301 489-3 V2.1.1 (2019-03)
ETSI EN 301 489-17 V3.2.4 (2020-09)
EMC EN55032:2015+A11:2020 TZ230604429-RE
EN55035:2017+A11:2020
EN IEC 61000-3-2:2019
EN61000-3-3:2013+A1:2019

Bluetooth
BDR+EDR ETSI EN 300 328 V2.2.2 (2019-07) TZ230604429-EDR
BLE ETSI EN 300 328 VV2.2.2 (2019-07) TZ230604429-BLE
ETSI EN 300 328 VV2.2.2 (2019-07) TZ230604429-WLAN1
WLAN ETSI EN 301 893 vV2.1.1 (2017-05) TZ230604429-WLAN2
ETSI EN 300 440 V2.2.1 (2018-07) TZ230604429-WLAN3
EMF EN62311:2008 TZ230604429-EMF

EN50665:2017
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3 TEST ENVIRONMENT

3.1 Address of the test laboratory

Shenzhen Tongzhou Testing Co.,Ltd

1th Floor, Building 1, Haomai High-tech Park, Huating Road 387, Dalang Street, Longhua, Shenzhen, China
The sites are constructed in conformance with the requirements of ANSI C63.7, ANSI C63.4 (2014) and
CISPR Publication 22.

3.2 Environmental conditions

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

Normal Temperature: 25 °C
High Temperature: 40°C
Low Temperature: -10°C
Normal Voltage: DC 19V
High Voltage/HV: DC 21.9V
Low Voltage/LV: DC 17.1V
Relative Humidity: 55 %

Air Pressure: 989 hPa

3.3 Test Description

3.3.1 Main Terms

Verdict Verdict of each test cases.
Test Case Test cases identification number description in ETSI specification.

3.3.2 Terms used in Condition column

NTC Normal voltage, Normal Temperature
HTHV High voltage, High Temperature
LTHV High voltage, Low Temperature
HTLV Low voltage, High Temperature
LTLV Low voltage, Low Temperature

3.3.3 Terms used in Verdict column

Pass This test cases has been tested, and EUT is conformant to the applied standards in
the given frequency band.

Fail This test cases has been tested, but EUT is not conformant to the applied standards
in the given frequency band.

N/A This test case is either not required/not applicable in the specified band or is not
applicable according to the specific PICS/PIXIT for the EUT.

Inc Test case result is ambiguous in the given frequency band.

Decl Declaration is received from the client to demonstrate the conformity to the relevant
specification in the given frequency band.

BR This test cases is not tested in the given frequency band, but this testcases was

tested with pass result for the initial model in the given frequency band.
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X No deviations from the technical specifications were ascertained
U] There were deviations from the technical specifications ascertained
Test Test Rema
Specification Test Case - Mode Pass Fail N/A NP
Condition rk
Clause
NTC 802.11b X ] L] L]
542 RF output LTNV 802.11g X ] ] ]
o power 802.11n HT20
HTNV 802.11n HT40 X O O O
Power 802.11b
5.4.3 Spectral NTC 802.119 < O O O
o Densit 802.11n HT20
y 802.11n HT40
Duty Cycle, 802.11b
Tx- 802.11g
542 sequence, NTC 802.11n HT20 O O X O
Tx-gap 802.11n HT40
Medium gggﬂb
5.4.2 Utilisation NTC - O O X O
802.11n HT20
(MU) factor 802.11n HT40
Adaptivity
(adaptive 802.11b
equipment '
. 802.11g
4.6 g NTC 802.11n HT20 | X [ [ [
802.11n HT40
other than
FHSS)
Occupied gggﬁb
5.4.7 Channel NTC -9 X O O O
Bandwidth 802.11n HT20
802.11n HT40
Transmitter NTC 802.11b X ] ] ]
unwanted 802.11g ] ] 5 ]
issions i LTNV :
538 efissions In 802.11n HT20
band domain HTNV 802.11n HT40 ] L] X ]
Transmitter
unwanted
emissions in gggﬂg
5.3.9 thzz;r)nu;:ﬁus NTC 802 11m HT20 X OJ ] ]
(conducted & 802.11n HT40
radiated)
Receiver
spurious gggﬁb
5.3.10 emissions NTC 9 X ] ] ]
(conducted & 802.11n HT20
. 802.11n HT40
radiated)
802.11b
Receiver 802.11¢g
5311 Blocking NTC 802.11n HT20 X L] L] [
802.11n HT40

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

Note 1: These requirements apply to hon-adaptive equipment or to adaptive equipment when operating in a
non-adaptive mode. These requirements do not apply for equipment with a maximum declared RF Output
power level of less than 10 dBm e.i.r.p.
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Preliminary tests were performed in different data rate to find the worst radiated emission. The data rate
shown in the table below is the worst-case rate with respect to the specific test item. Investigation has been
done on all the possible configurations for searching the worst cases. The following table is a list of the test
modes shown in this test report.

Mode Data Rate
11b/CCK 1 Mbps
11g/OFDM 6 Mbps
11n HT20/OFDM 6.5 Mbps

11n HT40/OFDM 13.5Mbps

3.4 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”7 and TR-100028-02 “Electromagnetic compatibility and Radio spectrum Matters
(ERM);Uncertainties in the measurement of mobile radio equipment characteristics;Part 2 “ and is
documented in the Shenzhen Tongzhou Testing Co.,Ltd quality system acc. to DIN EN ISO/IEC 17025.
Furthermore, component and process variability of devices similar to that tested may result in additional
deviation. The manufacturer has the sole responsibility of continued compliance of the device.

Hereafter the best measurement capability for Shenzhen Tongzhou Testing Co.,Ltd is reported:

No. Item Uncertainty
1 Occupied Channel Bandwidth +3.6dB
2 RF power, conducted +0.16dB
3 Power Spectral Density, conducted +1.3dB
4 Unwanted Emissions, conducted +1.3dB
5 All emissions, radiated +4.7dB
6 Temperature +0.5°C
7 Humidity 2%
8 DC and low frequency voltages +1.5%
9 Time +1.0%
10 Duty Cycle +3.0%
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3.5 Equipments Used during the Test

Report No.: TZ230604429-WLAN1

Conducted Method

Item Test Equipment Manufacturer Model No. Serial No. CellbrEitgy Celliersiion B
Date Date
1 MXA Signal Keysight N9020A MY52091623 2022/12/28 2023/12/27
Analyzer
2 Signal Generator Keysight N5182A MY4620709 2022/12/28 2023/12/27
3 Signal Generator R&S SMLO03 102924/0013 2022/12/28 2023/12/27
4 Power Sensor Agilent U2021XA MY5365004 2022/12/28 2023/12/27
5 Power Meter Agilent U2531A TW53323507 2022/12/28 2023/12/27
6 Climate Chamber KRUOMR KRM-1000 KRM16072901 2022/12/28 2023/12/27
Wideband Radio
7 Communication R&S CMW500 101855 2022/12/28 2023/12/27
Tester
8 Test Software Tonscend JS1120-3 V2.5.77.0418 -- --
Radiated Method
Item Test Equipment Manufacturer Model No. Serial No. CellbrEiron Cellorzifen
Date Due Date
1 Wideband Antenna schwarzbeck VULB 9163 958 2022/11/13 2025/11/12
2 Horn Antenna schwarzbeck oo 01989 2022/11/13 |  2025/11/12
3 EMI Test Receiver R&S ESCI 100849/003 2022/12/28 2023/12/27
4 Controller MF MF7802 N/A N/A N/A
5 Amplifier schwarzbeck BBV 9743 209 2022/12/28 2023/12/27
o TSAMP-
6 Amoplifier Tonscend 0518SE -- 2022/12/28 2023/12/27
7 RF Cable HUBER+SUHNER RG214 N/A 2022/12/28 2023/12/27
8 MXA Signal Keysight N9020A MY52091623 2022112/28 | 2023112127
Analyzer
9 Horn Antenna ETS 3117 00218874 2022/11/13 2025/11/12
10 Wideband Antenna Sunol JB3 A020115 2022/7/3 2025/7/2
11 Test Software Tonscend JS36-RSE V1.0.2.0 -- --




[ J
/ Page 14 of 55 Report No.: TZ230604429-WLAN1

4 TEST CONDITIONS AND RESULTS

4.1ETSI EN 300 328 REQUIREMENTS

4.1.1 RF Output Power
LIMIT

According to ETSI EN 300 328 V2.2.2 §4.3.2.2.3,
The RF output power for non-FHSS equipment shall be equal to or less than 20 dBm.

NOTE: For Non-adaptive FHSS equipment, the manufacturer may have declared a reduced RF Output Power
(see clause 5.4.1 m)) and associated Duty Cycle (see clause 5.4.1 €)) that will ensure that the equipment
meets the requirement for the Medium Utilization (MU) factor further described in clause 4.3.2.5. This is
verified by the conformance test referred to in clause 4.3.2.5.4.

For non-adaptive non-FHSS equipment, where the manufacturer has declared an RF output power of less
than 20 dBm e.i.r.p., the RF output power shall be equal to or less than that declared value.
This limit shall apply for any combination of power level and intended antenna assembly.

TEST CONFIGURATION

H & T Chamber

1.5m cogxial cable
Power Test Set EUT

1.2m pg)wer cable

DC Power Supply

TEST PROCEDURE

According to ETSI EN 300 328 V2.2.2 (2019-07) §5.4.2.2.1.1, conducted method.

EUT DESCRIPTION:

Mode: [X]802.11b [X]802.11g [<]802.11n HT20 [<]802.11n HT40
X]2412MHz X]2412MHz <]2412MHz }<]2412MHz
Test Channel X]2442MHz X]2442MHz X|2442MHz X]2442MHz
X12472MHz X12472MHz X]2472MHz X]2472MHz
, >XJ20MHz >XJ20MHz >XJ20MHz >XJ20MHz
Bandwidth [J40MHz [140MHz []40MHz []40MHz
Modulation Tvbe XIpsss | IDSSS | IDSSS | IDSSS
YPe | Corpm XIOFDM XIOFDM XIOFDM
Channel Separation | X]5MHz XI5MHz X]5MHz XI5SMHz
MEASUREMENT DESCRIPTION
Instrument: Power Meter measuring burst Power(RMS) of a least 10 packets
Performed: b4 Conducted
' L] Radiated (only if no conducted sample is provided)
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Temperature: 22.8°C
Humidity: 56%
Test Engineer: Anna Hu
Test Condition TestMode Antenna Channel EIRP[dBm] Limit[dBm] Verdict
2412 11.39 20 PASS
11B Antl 2442 11.10 20 PASS
2472 11.03 20 PASS
2412 12.03 20 PASS
11G Antl 2442 12.47 20 PASS
2472 12.54 20 PASS
NTNV 2412 12.79 20 PASS
11N20SISO Antl 2442 12.97 20 PASS
2472 13.19 20 PASS
2412 13.43 20 PASS
11N40SISO Antl 2442 13.44 20 PASS
2472 13.55 20 PASS
2412 11.51 20 PASS
11B Antl 2442 11.08 20 PASS
2472 11.04 20 PASS
2412 11.91 20 PASS
11G Antl 2442 12.48 20 PASS
2472 12.53 20 PASS
LTV 2412 12.75 20 PASS
11N20SISO Antl 2442 13.10 20 PASS
2472 13.17 20 PASS
2412 13.51 20 PASS
11N40SISO Antl 2442 13.40 20 PASS
2472 13.59 20 PASS
2412 11.30 20 PASS
11B Antl 2442 11.12 20 PASS
2472 11.05 20 PASS
2412 12.10 20 PASS
11G Antl 2442 12.49 20 PASS
2472 12.53 20 PASS
HTNV 2412 12.85 20 PASS
11N20SISO Antl 2442 13.07 20 PASS
2472 13.17 20 PASS
2412 13.39 20 PASS
11N40SISO Antl 2442 13.47 20 PASS
2472 13.62 20 PASS

Note: 1. Cable loss and antenna gain was combined in the calculated result.
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4.1.2 Duty Cycle, TX-sequence,TX-gap
LIMIT

ETSI EN 300 328 (V2.2.2) Sub-clause 4.3.2.4.3

The Duty Cycle shall be equal to or less than the maximum value declared by the manufacturer.

The Tx-sequence time shall be equal to or less than 10 ms. The minimum Tx-gap time following a Tx-
sequence shall be equal to the duration of that proceeding Tx-sequence with a minimum of 3,5 ms.

TEST PROCEDURE

Please refer to ETSI EN 300 328 (V2.2.2) Sub-clause 5.4.2.2.1.3

For systems using wide band modulations other than FHSS, the measurement shall be performed at the
lowest, the middle, and the highest channel on which the equipment can operate. These frequencies shall be
recorded.

The test procedure, which shall only be performed for non-adaptive systems and only to be performed at
normal environmental conditions, shall be as follows:

Step 1:

» Use the same stored measurement samples from the procedure described in clause 5.4.2.2.1.2.

* The start and stop times are defined as the points where the power is at least 30 dB below the highest value
of the stored samples. In case of insufficient dynamic range, the value of 30 dB may need to be reduced
appropriately.

Step 2:

» Between the saved start and stop times of each individual burst, calculate the TxOn time. Save these TxOn
values.

Step 3:

* Duty Cycle (DC) is the sum of all TxOn times between the end of the first gap (which is the start of the first
burst within the observation period) and the start of the last burst (within this observation period) divided by
the observation period. The observation period is defined in clause 4.3.1.3.2 or clause 4.3.2.4.2.

Step 4.

* For equipment using blacklisting, the TxOn time measured for a single (and active) hopping frequency shall
be multiplied by the number of blacklisted frequencies. This value shall be added to the sum calculated in step
3 above. If the number of blacklisted frequencies cannot be determined, the minimum number of hopping
frequencies (N) as defined in clause 4.3.1.4.3 shall be assumed.

» The calculated value for Duty Cycle (DC) shall be recorded in the test report. This value shall be equal to or
less than the maximum value declared by the manufacturer.

Step 5:

» Use the same stored measurement samples from the procedure described in clause 5.4.2.2.1.2.

« Identify any TxOff time that is equal to or greater than the minimum Tx-gap time as defined in clause
4.3.1.3.3 or clause 4.3.2.4.3. These are the potential valid gap times to be further considered in this procedure.
« Starting from the second identified gap, calculate the time from the start of this gap to the end of the
preceding gap. This time is the Tx-sequence time for this transmission. Repeat this procedure until the last
identified gap within the observation period is reached.

» A combination of consecutive Tx-sequence times and Tx-gap times followed by a Tx-gap time, which is at
least as long as the duration of this combination, may be considered as a single Tx-sequence time and in
which case it shall comply with the limits defined in clause 4.3.1.3.3 or clause 4.3.2.4.3.

« It shall be noted in the test report whether the UUT complies with the limits for the maximum Tx-sequence
time and minimum Tx-gap time as defined in clause 4.3.1.3.3 or clause 4.3.2.4.3.

EUT DESCRIPTION:

Mode: 1<]802.11b <]802.11g }]802.11n HT20 | [X]802.11n HT40
X]2412MHz X]2412MHz [X]2412MHz [X]2412MHz
Test Channel X]2442MHz X]2442MHz X|2442MHz X]2442MHz
X]2472MHz X]2472MHz X]2472MHz X]2472MHz
. X]20MHz X]20MHz X]20MHz X]20MHz
Bandwidth [J40MHz [J40MHz []40MHz []40MHz
vodulation Type | EIDSSS []DSSS []DSSS []DSSS
L_|OFDM XIOFDM XIOFDM XIOFDM
Channel Separation | X]5SMHz XI5MHz X]5MHz XI5MHz
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MEASUREMENT DESCRIPTION
Instrument: Power Meter measuring average burst Power of a least 10 packets
Performed: |Z Conducted
) [] Radiated (only if no conducted sample is provided)

TEST RESULTS

Not Applicable
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4.1.3 Medium Utilisation (MU) factor

LIMIT

ETSI EN 300 328 V2.2.2 (2019-07) Sub-clause 4.3.2.5.3

Report No.: TZ230604429-WLAN1

For non-adaptive equipment using wide band modulations other than FHSS, the maximum Medium Utilization

factor shall be 10 %.

This requirement does not apply to adaptive equipment unless operating in a non-adaptive mode. In addition,
this requirement does not apply for equipment with a maximum declared RF Output power level of less than
10 dBm e.i.r.p. or for equipment when operating in a mode where the RF Output power is less than 10 dBm

e.i.r.p.

TEST PROCEDURE

Please refer to ETSI EN 300 328 V2.2.2 (2019-07) Sub-clause 5.4.2.2.1.4

Step 1:

» Use the same stored measurement samples from the procedure described in clause 5.4.2.2.1.2.

Step 2:

* For each burst calculate the product of (Pburst / 100 mW) and the TxOn time. Pburst is expressed in mW.
TxOn time is expressed in ms.

Step 3:

» Medium Utilization is the sum of all these products divided by the observation period (expressed in ms)
which is defined in clause 4.3.1.3.2 or clause 4.3.2.4.2. This value, which shall comply with the limit given in
clause 4.3.1.6.3 or clause 4.3.2.5.3, shall be recorded in the test report.
If operation without blacklisted frequencies is not possible, the power of the bursts on blacklisted hopping
frequencies (for the calculation of the Medium Utilization) is assumed to be equal to the average value of the

RMS power of the bursts on all active hopping frequencies.

EUT DESCRIPTION:

Mode: $1802.11b 802.11g X]802.11n HT20 $]802.11n HT40

X]2412MHz X]2412MHz [X]2412MHz [X]2412MHz
Test Channel X]2442MHz X]2442MHz X|2442MHz X]2442MHz
X]2472MHz X]2472MHz X]2472MHz X]2472MHz

Bandwidth X]20MHz X]20MHz X]20MHz X]20MHz

[ J40OMHz [ J40MHz [ ]J40MHz [ ]40MHz

. XIDSSS [ ]DSSS [ IDSSsS [ IDSSsS

Modulation Type | F5epy XIOFDM [XIOFDM XIOFDM

Channel Separation | X]5SMHz X|I5MHz XI5MHz XI5MHz

MEASUREMENT DESCRIPTION

Instrument: Power Meter measuring average burst Power of a least 10 packets
Performed: X Conducted
' [] Radiated (only if no conducted sample is provided)

TEST RESULTS

Not Applicable
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4.1.4 Power Spectral Density

LIMIT

According to ETSI EN 300 328 V2.2.2 (2019-07) §4.3.2.3.3,

For equipment using wide band modulations other than FHSS, the maximum Power Spectral Density is limited
to 10dBm/MHz.

These measurements shall only be performed at normal test conditions.

TEST CONFIGURATION

0.2m coaxial cable
SPECTRUM

EUT ANALYZER

TEST PROCEDURE
According to ETSI EN 300 328 V2.2.2 (2019-07) 85.4.3.2.1, conducted method.
The test procedure shall be as follows:
Step 1:
Connect the UUT to the spectrum analyzer and use the following settings:
« Start Frequency: 2 400 MHz
* Stop Frequency: 2 483.5 MHz
* Resolution BW: 10 kHz
* Video BW: 30 kHz
» Sweep Points: > 8 350
NOTE: For spectrum analyzers not supporting this number of sweep points, the frequency band may be
segmented.
* Detector: RMS
* Trace Mode: Max Hold
» Sweep time: 10 s; the sweep time may be increased further until a value where the sweep time
has no impact on the RMS value of the signal
For non-continuous signals, wait for the trace to be completed. Save the (trace) data set to a file.
Step 2:
For conducted measurements on smart antenna systems using either operating mode 2 or operating mode 3
(see clause 5.1.3.2), repeat the measurement for each of the transmit ports. For each sampling point
(frequency domain), add up the coincident power values (in mW) for the different transmit chains and use this
as the new data set.
Step 3:
Add up the values for power for all the samples in the file using the formula below.
L3
= E PSEW’._,S.'F (”}

n=l

F.

Sum

with k' being the total number of samples and 'n’ the actual sample number

Step 4.
Normalize the individual values for power (in dBm) so that the sum is equal to the RF Output Power (e.i.r.p.)
measured in clause 5.3.2 and save the corrected data. The following formulas can be used:

Cfan' = Fg F

Sum ™ L airp

P,Snmplsmr?'mj = P,Sq:lrepfs"("” -Coom

with 'n' being the actual sample number
Step 5:
Starting from the first sample PSamplecorr(n) (lowest frequency), add up the power (in mW) of the following
samples representing a 1 MHz segment and record the results for power and position (i.e. sample #1 to
sample #100). This is the Power Spectral Density (e.i.r.p.) for the first 1 MHz segment which shall be recorded.
Step 6:
Shift the start point of the samples added up in step 5 by 1 sample and repeat the procedure in step 5 (i.e.
sample #2 to #101).
Step 7:
Repeat step 6 until the end of the data set and record the Power Spectral Density values for each of the 1
MHz segments. From all the recorded results, the highest value is the maximum Power Spectral Density for
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the UUT. This value, which shall comply with the limit given in clause 4.3.2.3.3, shall be recorded in the test

report.

EUT DESCRIPTION:

Mode: X|802.11b X|802.11g XI802.11n HT20 | [802.11n HT40
X2412MHzZ X2412MHzZ XI2412MHzZ XI2412MHzZ
Test Channel [X12442MHz [X12442MHz [X2442MHz [X2442MHz
[X2472MHz [X2472MHz [K2472MHz [K2472MHz
Bandwidh [X120MHz [X120MHz [X120MHz [X20MHz
[ J40MHz [ J40MHz [ J40MHz [ ]J40MHz
. XIDSSS []JDSSS []DsSS []DsSS
Modulation Type | Fi5pepy XIOFDM KIOFDM [XIOFDM
Channel Separation | X]5SMHz X|I5MHz XI5MHz XI5MHz

MEASUREMENT DESCRIPTION

Instrument: Spectrum Analyzer
Detector: RMS

Sweep time: 10S

Video bandwidth: 30KHz

Resolution bandwidth: | 10KHz

Span: 83.5MHz

Frequency range

2400-2483.5MHz

Sweep Points 15000
_ X Conducted
Performed: L] Radiated (only if no conducted sample is provided)
TESTRESULTS
Temperature: 22.8°C
Humidity: 56%
Test Engineer: Anna Hu
TestMode Antenna Channel PSD[dBm/MHZ] Limit[dBm/MHz] Verdict
2412 2.82 10 PASS
11B Ant1 2442 2.55 10 PASS
2472 2.65 10 PASS
2412 0.58 10 PASS
11G Ant1 2442 1.00 10 PASS
2472 1.10 10 PASS
2412 1.61 10 PASS
11N20SISO Ant1 2442 1.72 10 PASS
2472 1.81 10 PASS
2422 -0.40 10 PASS
11N40SISO Ant1 2442 -0.36 10 PASS
2462 -0.66 10 PASS
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4.1.5 Adaptivity (Adaptive equipment using modulations other than FHSS)

LIMIT

Operational Mode

LBT based Detect and Avoid
Requirement Non-LBT Load Based Load Based Equipment
based Detect|  Frame Based Equipment (CCA | (CCA not using any of
and Avoid Equipment using ‘energy the mechanisms
detect’) referenced as note 2)
Minimum Clear Channel
Assessment (CCA) Time NA 18 us (see note 1) | 18 us (see note 2) 18 us (see note 2)
Maximum Channel
Occupancy (COT) Time 40 ms 1msto 10 ms 13ms (see note 2) 13ms
At least 5% of
Minimum Idle Period |COT and 100 5% of COT (see note 2) (see note 2)
us
1
Extended CCA check NA NA (see note 2) between 18 u s and at
least 160 ©s

Short Control Signaling
Transmissions

Maximum duty cycle of 10% within an observation period of 50 ms

(see note 3)

Note 1: The CCA time used by the equipment shall be declared by the supplier.
Note 2: Load Based Equipment may implement an LBT based spectrum sharing mechanism based on the
Clear Channel Assessment (CCA) mode using energy detect, as described in IEEE Std.

802.11TM-2007 clauses 9,15,18 or 19, in IEEE Std. 802.11n T™ 2009 clauses 9,11 and 20 or in

IEEE Std. 802.15.4 TM .2011, clauses 4 and 5.
Note 3: Adaptive equipment may or may not have Short Control Signaling Transmissions.
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Wanted signal mean power from companion device:
TL =-70 dBm/MHz + 10 x log10 (100 mW / Py, (Poutin mW e.i.r.p.)

Unwanted Signal parameters

Wanted signal mean power Maximum transmit power (PH)
from companion device EIRP mW vhresinole HeE] (V)
sufficient to maintain the link 2 395 or 2 488,5 -35
(see note 2) (see note 1) (see note 3)

NOTE 1: The highest frequency shall be used for testing operating channels within the range 2 400 MHz to 2 442
MHz, while the lowest frequency shall be used for testing operating channels within the range 2 442 MHz to 2
483,5 MHz. See clause 5.4.6.1.

NOTE 2: A typical value which can be used in most cases is -50 dBm/MHz.

NOTE 3: The level specified is the level in front of the UUT antenna. In case of conducted measurements, this
level has to be corrected by the actual antenna assembly gain.

TEST CONFIGURATION

Spectrum
1.5m Analyzer
0.2m
UT | spitter 0.3m 1.0m | Companion
"1 Combiner Direct. Coupler Device
f— «~—> ATT.
1.0m L J
1.0m Signal
10m Generator
(Interferer)
spiter €
Combiner —
Signal
(Generator
Note: all cable is coaxial cable in this test 1.0m (Blocker)

MEASUREMENT DESCRIPTION

According to ETSI EN 300 328 V2.2.2 (2019-07) 8§5.4.6.2.1.4, Conducted measurements
Step 1:
The UUT may connect to a companion device during the test. The interference signal generator, the blocking
signal generator, the spectrum analyzer, the UUT and the companion device are connected using a set-up
equivalent to the example given by figure 5 although the interference and blocking signal generator do not
generate any signals at this point in time. The spectrum analyzer is used to monitor the transmissions of the
UUT in response to the interfering and the blocking signals.
* Adjust the received signal level (wanted signal from the companion device) at the UUT to the value defined
in table 6 (clause 4).
NOTE 1: Testing of Unidirectional equipment does not require a link to be established with a companion
device.
* The analyzer shall be set as follows:
- RBW: =20MHz for 802 .11b/g/n(20);
= 40MHz for 802.11n(40)
[= Occupied Channel Bandwidth (if the analyzer does not support this setting, the
highest available setting shall be used)]
- VBW: =30MHz
[3 x RBW (if the analyzer does not support this setting, the highest available setting
shall be used)]
- Detector Mode: RMS
- Centre Frequency: Equal to the centre frequency of the operating channel
- Span: 0 Hz
- Sweep time: > maximum Channel Occupancy Time
- Trace Mode: Clear Write
- Trigger Mode: Video
Step 2:
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* Configure the UUT for normal transmissions with a sufficiently high payload resulting in a minimum
transmitter activity ratio (TxOn / (TxOn + TxOff)) of 0,3. Where this is not possible, the UUT shall be
configured to the maximum payload possible.

 For Frame Based Equipment, using the procedure defined in clause 5.4.6.2.1.5, it shall be verified that the
UUT complies with the maximum Channel Occupancy Time and minimum Idle Period defined in

clause 4.3.2.6.3.2.2 step 3).

* For Load Based equipment, using the procedure defined in clause 5.4.6.2.1.5

, it shall be verified that the UUT complies with the maximum Channel Occupancy Time and minimum Idle
Period defined in clause 4.3.2.6.3.2.3 , step 2 and step 3. When measuring the Idle Period of the UUT, it shall
not include the transmission time of the companion device.

NOTE 2: For the purpose of testing Load Based Equipment referred to in the first paragraph of clause
4.3.2.6.3.2.3(IEEE 802.11™ [i.3] or IEEE 802.15.4™ [i.4] equipment), the limits to be applied for the minimum
Idle Period and the maximum Channel Occupancy Time are the same as defined for other types of Load
Based Equipment (see clause 4.3.2.6.3.2.3 step 2) and step 3). The Idle Period is considered to be equal to
the CCA or Extended CCA time defined in clause 4.3.2.6.3.2.3 step 1) and step 2).

Step 3: Adding the interference signal

An interference signal as defined in clause B.6 is injected on the current operating channel of the UUT. The
power spectral density level (at the input of the UUT) of this interference signal shall be equal to the detection
threshold defined in clause 4.3.2.6.3.2.2 step 5) (frame based equipment) or clause 4.3.2.6.3.2.3 step 5)
(load based equipment).

Step 4: Verification of reaction to the interference signal

The spectrum analyser shall be used to monitor the transmissions of the UUT on the selected operating
channel with the interfering signal injected. This may require the spectrum analyser sweep to be triggered by
the start of the interfering signal.

* Using the procedure defined in clause 5.4.6.2.1.5, it shall be verified that:

i) The UUT shall stop transmissions on the current operating channel.

The UUT is assumed to stop transmissions within a period equal to the maximum Channel Occupancy Time
defined in clause 4.3.2.6.3.2.2 (frame based equipment) or clause 4.3.2.6.3.2.3 (load based

equipment).

i) Apart from Short Control Signalling Transmissions, there shall be no subsequent transmissions while the
interfering signal is present.

To verify that the UUT is not resuming normal transmissions as long as the interference signal is present, the
monitoring time may need to be 60 s or more.

iif) The UUT may continue to have Short Control Signalling Transmissions on the operating channel while
the interfering signal is present. These transmissions shall comply with the limits defined in

clause 4.3.2.6.4.2.

The verification of the Short Control Signalling transmissions may require the analyser settings to be
changed (e.g. sweep time).

iv) Alternatively, the equipment may switch to a non-adaptive mode.

Step 5: Adding the blocking signal

» With the interfering signal present, a 100 % duty cycle CW signal is inserted as the blocking signal. The
frequency and the level are provided in table 10 (clause 4.3.2.6.3.2.2) for Frame Based Equipment or in

table 11 (clause 4.3.2.6.3.2.3) for Load Based Equipment.

* The spectrum analyser shall be used to monitor the transmissions of the UUT on the selected operating
channel. This may require the spectrum analyser sweep to be triggered by the start of the blocking signal.

* Using the procedure defined in clause 5.4.6.2.1.5, it shall be verified that:

i) The UUT shall not resume normal transmissions on the current operating channel as long as both the
interference and blocking signals remain present.

To verify that the UUT is not resuming normal transmissions as long as the interference and blocking
signals are present, the monitoring time may need to be 60 s or more.

i) The UUT may continue to have Short Control Signalling Transmissions on the operating channel while
the interfering and blocking signals are present. These transmissions shall comply with the limits defined

in clause 4.3.2.6.4.2.

The verification of the Short Control Signalling transmissions may require the analyser settings to be
changed (e.g. sweep time).

Step 6: Removing the interference and blocking signal

» On removal of the interference and blocking signal the UUT is allowed to start transmissions again on this
channel however this is not a requirement and therefore does not require testing.

Step 7:

» The steps 2 to 6 shall be repeated for each of the frequencies to be tested.
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Short Control (%
Mode Channel o BlEvEILEs Interferer - Limit | Verdict
values(ms) [ms] CW values &
values [%]
802.11b LCH 2.244 0.044 0 0 10 PASS
802.11b HCH 2.275 0.062 0 0 10 PASS
Test Plot
0 Adaptivity and Receiver Blocking
1 S e =
E
]
= e S s
=
g
-
B0 — Interf:erer oﬁfB\oclker off Inte;‘fereron,-‘BIACker off — In;:erferer onfBllocker on
10600 20600 30600 40600 50600 BD&DD ?0600 80600 90600 ‘IDDIDDD I 11DIDDD I 12DIDDD I
Time [ms]
0 Adaptivity and Receiver Blocking
1 T B B s
E
]
= e B
K
g
-
A0 — Interf:?rer DﬂfB|DCI|(EI' off Interferer on/Blocker off = Interferer on/Blocker on
I 10600 20600 30600 I 40600 50600 BD&DD ?0600 80600 90600 I ‘IDDIDDD I ‘I‘IDIDDD I 12DIDDD I
Time [ms]

Note: Only the worst plots were recorded in this report.
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Short Control (%
Mode Channel coT lelle Vel Interferer - Limit | Verdict
values(ms ms CW values
(ms) [ms] values [%]
802.11g LCH 2.122 0.044 0 0 10 PASS
802.11g HCH 2.275 0.074 0 0 10 PASS
Test Plot
0 Adaptivity and Receiver Blocking
N B .
04 g g g
£
[
% =204 B e R e R e e el
T
3
A0+ g g g S -
B O I
0 —Interl:ererofffBIoclker off Inte;'ferer on,fBIACker off —In;:erferer on,-‘Bllockeron
I 10600 20600 30600 40600 I 50600 I BD&DD ?0600 I 80600 90600 I 1DDIDDD I HDIDDD I 120‘000 I
Time [ms]
04 Adaptivity and Receiver Blocking
e i L .
0 Bt e e R e e o e e R e e
E
m
E 204 S gy S Sy
]
1
-
404 S g S -
s SN — S S— S S - S
A0 —Interflerer oﬁfBloclker off Inte;'fereron,fBIQCker off —In;:erferer onfBllocker on
1 DEDD 20600 30600 40600 EDéﬂD ED&DD ?DéDD Bﬂéﬂﬂ SDEDD 1DDIDDD 11 DIDDD 1 2DIDDD

Time [ms]

Note: Only the worst plots were recorded in this report.
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Short Control (%
Mode Channel coT FleElnEs Interferer = Limit | Verdict
values(ms ms CW values
(ms) [ms] values [%]
802.11n HT20 LCH 3.432 0.057 0 0 10 PASS
802.11n HT20 HCH 3.442 0.062 0 0 10 PASS
Test Plot
0 Adaptivity and Receiver Blocking
1 | Bt T T T T e CELE LT EEE P R PR
04 g g g
£
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0 Bt e e R e e o e e R e e
E
m
E 204 S gy S Sy
]
1
-
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Time [ms]

Note: Only the worst plots were recorded in this report.
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Short Control (%
Mode Channel coT FleElnEs Interferer = Limit | Verdict
values(ms ms CW values
(ms) [ms] values [%]
802.11n HT40 LCH 3.632 0.054 0 0 10 PASS
802.11n HT40 HCH 3.722 0.065 0 0 10 PASS
Test Plot
0 Adaptivity and Receiver Blocking
1 | Bt T T T T e CELE LT EEE P R PR
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Time [ms]
04 Adaptivity and Receiver Blocking
1 | T T T D LT . R P e
0 Bt e e R e e o e e R e e
E
m
E 204 S gy S Sy
]
1
-
404 S g S -
0 et s R
A0 —Interflereroﬁfﬁloclkeroﬁ Inte;'fereron,fBIACkeroﬁ : —In;:erfereronfélockeron
1 DEDD 20600 30600 40600 EDéﬂD ED&DD ?DéDD Bﬂéﬂﬂ SDEDD 1DDIDDD 11 DIDDD 1 2DIDDD

Time [ms]

Note: Only the worst plots were recorded in this report.
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LIMIT

According to ETSI EN 300 328 V2.2.2 (2019-07) 4.3.2.7.3,
The Occupied Channel Bandwidth shall fall completely within the band given in table 1.

In addition, for non-adaptive systems using wide band modulations other than FHSS and with e.i.r.p greater
than 10 dBm, the occupied channel bandwidth shall be less than 20 MHz.
These measurements shall only be performed at normal test conditions.

TEST CONFIGURATION

SPA EUT

0.2m coaxial cable

TEST PROCEDURE

According to ETSI EN 300 328 V2.2.2 (2019-07) 85.4.7.2.1, conducted method.

Step 1:

Connect the UUT to the spectrum analyser and use the following settings:

* Centre Frequency: The centre frequency of the channel under test

* Resolution BW: ~ 1 % of the span without going below 1 %

* Video BW: 3 x RBW

* Frequency Span for frequency hopping equipment: Lowest frequency separation that is used within the
hopping sequence

* Frequency Span for other types of equipment: 2 x Nominal Channel Bandwidth (e.g. 40 MHz for a

20 MHz channel)

* Detector Mode: RMS

* Trace Mode: Max Hold

* Sweep time: 1's

Step 2:

Wait for the trace to stabilize.

Find the peak value of the trace and place the analyser marker on this peak.

Step 3:

Use the 99 % bandwidth function of the spectrum analyser to measure the Occupied Channel Bandwidth of
the UUT. This value shall be recorded.

Make sure that the power envelope is sufficiently above the noise floor of the analyser to avoid the noise
signals left and right from the power envelope being taken into account by this measurement.

EUT DESCRIPTION:

Mode: [x1802.11b [X]802.11g X]802.11n HT20 X]802.11n HT40
|X|2412|\/|HZ |X|2412MHZ |X|2412MHZ |X|2412|\/|HZ
Test Channel X]2442MHz X]2442MHz X]2442MHz X]2442MHz
|X|2472|\/|HZ |X|2472MHZ |X|2472MHZ |X|2472|\/|HZ
Bandwidth X]20MHz X]20MHz X]20MHz X]20MHz
|:|4OMHZ |:|4OMHZ |:|4OMHZ |:|4OMHZ
. XIDSSS [ IDSSS [ IDSSS [ IDSSS
Modulation Type | F5epy XIOFDM XIOFDM XIOFDM
Channel Separation | X]5SMHz XI5MHz X]5MHz XI5SMHz
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MEASUREMENT DESCRIPTION

Instrument: Spectrum Analyzer
Detector: RMS
Sweep time: auto
Video bandwidth: X]20 MHz(Bandwith):1.5MHz [ 140 MHz(Bandwith):3MHz
Resolution bandwidth: X]20 MHz(Bandwith):410KHz [ 140 MHz(Bandwith):820KHz
Span: X120 MHz(Bandwith):40MHz [ 140 MHz(Bandwith):80MHz
Center: Transmit channel
Trace: Max hold
_ X | conducted
Performed: [ ] | Radiated (only if no conducted sample is provided)
TEST RESULTS
TestMode Antenna Channel OCB[MHZz] FL[MHZz] FH[MHZ] Limit[MHz] Verdict
2412 14.808 2404.6859 2419.4939 2400 to 2483.5 PASS
11B Antl 2442 14.731 2434.5553 2449.2863 2400 to 2483.5 PASS
2472 14.696 2464.7294 2479.4254 2400 to 2483.5 PASS
2412 16.582 2403.7251 2420.3071 2400 to 2483.5 PASS
11G Antl 2442 16.562 2433.6937 2450.2557 2400 to 2483.5 PASS
2472 16.556 2463.7307 2480.2867 2400 to 2483.5 PASS
2412 17.691 2403.1761 2420.8671 2400 to 2483.5 PASS
11N20SISO Antl 2442 17.616 2433.1768 2450.7928 2400 to 2483.5 PASS
2472 17.652 2463.1750 2480.8270 2400 to 2483.5 PASS
2412 35.988 2404.0213 2440.0093 2400 to 2483.5 PASS
11N40SISO Antl 2442 35.991 2423.9717 2459.9627 2400 to 2483.5 PASS
2472 36.145 2443.9349 2480.0799 2400 to 2483.5 PASS

Test plot as follows:
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Agilent Spectrum Analyzer
7 i
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00 GHz ] Cent +2.442000000 GHz :None Frequency
= Trig:FreeRun Avg|Hold: 10/10
#IFGain:Low #Atten: 30 dB Radie Device: BTS
Mkr3 2.4492863 GH
Ref Offset 8.06 dB
1Lu dBidiv Ref 20.00 dBm -16.607 dBm
og
e X Center Freq
000 > 2442000000 GHz|
. 2 3
I, Y
20
-30.
. / N
20 N/ \ A
200
[Center 2.442 GHz Span 40 MHz CF st
Res BW 430 kHz #VBW 1.3 MHz #Sweep 15|, CF SeD
. . Auto Man
Occupied Bandwidth Total Power 8.64 dBm
14.731 MHz —
Transmit Freq Error -79.177 kHz OBW Power 99.00 % OHz
x dB Bandwidth 18.66 MHz xdB -26.00 dB
MSG STATUS
11B Ant1 2472
Agilent Spectrum Analyzer
i RL RF

2PMN 12,2023

Frequency

Center Freq 2.472000000 GHz | CenterFreq: 2472000000 GHz Radio Std: None
—— Trig:FreeRun Avg|Hold: 10/10
EIFGain:Low ditten: 30 dB Radio Device:BTS
Mkr3 2.4794254 GH
RefOffset9.06 4B

10 dBidiv Ref 20.00 dBm -16.416 dBm

og[— ]

10l 3 Center Freq
00 g 2.472000000 GHz
’ 2 3

; v

200

-3

" /f N

0
Center 2.472 GHz Span 40 MHz oF st
Res BW 430 kHz #VBW 1.3 MHz #sweep 15|, CF Step

Auto Man|
Occupied Bandwidth Total Power 8.84 dBm
14.696 MHz reqoreal
Transmit Freq Error 77.368 kHz OBW Power 99.00 % OHz
x dB Bandwidth 18.64 MHz xdB -26.00 dB

use

STATUS

11G_Ant1_2412
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Agilent Spectrum Analyzer

8 RL RF 02:12:07 &M 1n 13, 2023 Fi
Center Freq 2.412000000 GHz : Radio Std; Norie requency
—— Trig:Free Run Avg[Hold: 10/10
#IFGain:Low #Atten: 30 dB Radio Device: BTS
Mkr3 2.4203071 GH
Ref Offset 8.9 dB
fodeidie _Ref 20.00 dBm -10.351 dBm)
og
0o 1 CenterFreq|
o ; : 3 2.412000000 GHz
1  ——
00 /
-20. 3
N / N
4
200
[Center 2.412 GHz Span 40 MHz CF st
Res BW 430 kHz #VBW 1.3 MHz #Sweep 1S 000000 I
Auto Man
Occupied Bandwidth Total Power 9.27 dBm
16.582 MHz Freqonsal]
Transmit Freq Error 16.121 kHz OBW Power 99.00 % 0 Hz|
x dB Bandwidth 20.29 MHz xdB -26.00 dB
s

STATUS

11G_Ant1 2442

Agilent Spectrum Analyzer - Occu BW

B

L R &M 1N 13, 2023
Center Freq 2.442000000 GHz | ¢ 2000000 GHz Radio 5td: None Frequency

== Trig:FreeRun AvglHold: 1010
#IFGain:Low #Atten: 30 4B

Radio Device: BTS

Mkr3 2.4502557 GH:
Ref Offset 9.06 dB
1Lu dBidiv Ref 20.00 dBm -8.9373 dBm|
og
e KX Center Freq|
0m 2 3 2.442000000 GHz|
P T
0 !

[Center 2442 GHz

Span 40 MHz CF Step)
Res BW 430 kHz #VBW 1.3 MHz #Sweep 15 2000000 M
Auto Man
Occupied Bandwidth Total Power 10.3 dBm
16.562 MHz Freqomsel
Transmit Freq Error -25.319 kHz OBW Power 99.00 % 0Hz
x dB Bandwidth 20.25 MHz xdB -26.00 dB
MSG

STATUS

11G_Ant1 2472

Agilent Spectrum Analyzer
i RL RF

RF A F AMun1z 203 | |
Center Freq 2.472000000 GHz | CenterFre 2000000 GHz Radie Std: None Frequency
== Trig:FreeRun AvglHold: 10110
EIFGain:Low ditten: 30 dB Radio Device: BTS
MKr3 2.4802867 GH:
Ref Offset9.06 dB
10 dBidiv Ref 20.00 dBm -8.6255 dBm)
og— ]
e ! 1 CenterFreq|
oo 3 2472000000 GHz
1 { ’—’_‘—’ﬂ(_‘_x-“
2o / I\
-3
41
70
[Center 2.472 GHz Span 40 MHz CF Step)
‘Res BW 430 kHz #/BW 1.3 MHz #Sweep 15 4000000 MHz
Auto Man|
Occupied Bandwidth Total Power 10.6 dBm
16.556 MHz reqoreal
Transmit Freq Error 8.647 kHz OBW Power 99.00 % OHz
x dB Bandwidth 20.19 MHz xdB -26.00 dB

use

STATUS

11N20SISO_Ant1_2412
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Agilent Spectrum Analyzer

8 RL RF o3 &M un 13, 2023 Fi
Center Freq 2.412000000 GHz : Radio Std; Nore requency
—— Trig:Free Run Avg[Hold: 10/10
#IFGain:Low #Atten: 30 dB Radio Device: BTS
Mkr3 2.4208671 GH
Ref Offset 8.9 dB
fodeidie _Ref 20.00 dBm -11.067 dBm)
og
0o 1 CenterFreq|
00 > 3 2.412000000 GHz|
. [ P WJ\
200 yi .
3 - h
4 \
200
[Center 2.412 GHz Span 40 MHz CF st
Res BW 430 kHz #VBW 1.3 MHz #Sweep 1S 000000 I
Auto Man
Occupied Bandwidth Total Power 8.83 dBm
17.691 MHz Freqonsal]
Transmit Freq Error 21.623 kHz OBW Power 99.00 % 0 Hz|
x dB Bandwidth 20.68 MHz xdB -26.00 dB

use

STATUS

11N20SISO_Ant1 2442

Agilent Spectrum Analyzer - Occupied BW

B

L R &M LN 13, 2023
Center Freq 2.442000000 GHz | ¢ 2000000 GHz Radio 5td: None Frequency

== Trig:FreeRun AvglHold: 1010
#IFGain:Low #Atten: 30 4B

Radio Device: BTS

Mkr3 2.4507928 GH
Ref Offset .06 dB
odiay Rt 20.00 dBm -10.465 dBm|
og
e 1 Center Freq|
00 A 3 2.442000000 GHz|
¥ [ E— Y )

Bili) i

[Center 2442 GHz

Span 40 MHz CF Step)
Res BW 430 kHz #VBW 1.3 MHz #Sweep 15 2000000 M
. . Auto Man
Occupied Bandwidth Total Power 9.65 dBm
17.616 MHz Freqomsel
Transmit Freq Error -15.208 kHz OBW Power 99.00 % 0Hz
x dB Bandwidth 20.40 MHz xdB -26.00 dB
MSG

STATUS

11N20SISO_Ant1 2472

Agilent Spectrum Analyzer
i RL RF

02:30:10 AM n 13, 2023

Center Freq"2.472[]0[]ﬂ[10 GHz | CenterFre 2000000 GHz Radie Std: None Frequency
—— Trig:FreeRun Avg|Hold: 10/10
#IFGain:Low ditten: 30 dB Radio Device:BTS
Mkr3 2.480827 GH:
Ref Offset9.06 dB
10 dBidiv Ref 20.00 dBm -10.154 dBm
L —
e K CenterFreq|
oo 2.472000000 GH:
., ] [ S—— i
00 i
; / N
41
700
Center 2.472 GHz Span 40 MHz| oF st
Res BW 430 kHz #VBW 1.3 MHz #sweep 15|, CF Step
Auto Man|
Occupied Bandwidth Total Power 9.96 dBm
17.652 MHz reqoreal
Transmit Freq Error 965 Hz OBW Power 99.00 % OHz
x dB Bandwidth 20.52 MHz xdB -26.00 dB

use

STATUS

11N40SISO_Ant1_2422
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RL RF A 02:47:47 &M 1n 13, 2023 F
Center Freq 2.422000000 GHz : 2000000 GHz Radio Std; Nore requency
—— Trig:Free Run Avg[Hold: 10/10
#IFGain:Low #Atten: 30 dB Radio Device: BTS
Mkr3 2.4400093 GH
Ref Offset8.9 dB

fodeidie _Ref 20.00 dBm -10.778 dBm

og

0o 3 CenterFreq|
oo 2 3 2.422000000 GHz
. 0y P e

00 | \

-20.1

[ \

¥ / \
D e —
200
[Center 2.422 GHz Span 80 MHz CF st
Res BW 820 kHz #VBW 3 MHz #Sweep 1S 8000000 NI

Auto Man
Occupied Bandwidth Total Power 8.84 dBm
35.988 MHz Freqonsal]
Transmit Freq Error 15.288 kHz OBW Power 99.00 % 0 Hz|
x dB Bandwidth 38.40 MHz xdB -26.00 dB
s

STATUS

Agilent Spectrum Analyzer - Occupied BW

11N40SISO_Ant1 2442

RL RF 104M 1 13, 2023 F
Center Freq 2.442000000 GHz ] Ce 2000000 GHz dio Std: None requency
= Trig:FreeRun Avg|Hold: 10/10
#IFGain:Low #Atten: 30 dB Radie Device: BTS
Mkr3 2.4599627 GH:
Ref Offset 9.06 dB
1Lu dBidiv Ref 20.00 dBm -10.981 dBm
og
0o ] Center Freq|
0o I % 3 2.442000000 GHz
1 o — P
200 / |
. f \
: i (S
700
[Center 2.442 GHz Span 80 MHz CF st
Res BW 820 kHz #VBW 3 MHz #Sweep 15 £.000000 M?-Ig
Auto Man
Occupied Bandwidth Total Power 9.01 dBm
35.991 MHz —
Transmit Freq Error -32.837 kHz OBW Power 99.00 % OHz
x dB Bandwidth 38.38 MHz xdB -26.00 dB
MSG

STATUS

Agilent Spectrum Analyzer
RL RF

11N40SISO_Ant1 2462

o AM un 13, 2023
Center Freq 2.462000000 GHz | CenterFre 2000000 GHz Radie Std: None Frequency
== Trig:FreeRun AvglHold: 10110
EIFGain:Low ditten: 30 dB Radio Device: BTS
MKr3 2.4800799 GH:
Ref Offset9.06 dB
10 dBidiv Ref 20.00 dBm -10.093 dBm
og— ]
oo 1 Center Freq|
om - 3 2.462000000 GHz|
" 3 T P o
200 \
-2 ; \
3 }
. / |
500 L—T ] Em—
70
[Center 2.462 GHz Span 80 MHz CF Step)
‘Res BW 820 kHz #/BW 3 MHz #Sweep 1 8000000 MHz
Auto Man|
Occupied Bandwidth Total Power 8.99 dBm
36.145 MHz —
Transmit Freq Error 7.434 kHz OBW Power 99.00 % OHz

x dB Bandwidth

use

38.54 MHz xdB -26.00 dB

STATUS




[ J
/ Page 34 of 55 Report No.: TZ230604429-WLAN1

4.1.7 Transmitter unwanted emissions in the out-of-band domain

LIMIT

ETSI EN 300 328 (V2.2.2) Sub-clause 4.3.2.8.3

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 figure 3.

NOTE: Within the 2 400 MHz to 2 483,5 MHz band, the Out-of-band emissions are fulfilled by compliance with
the Occupied Channel Bandwidth requirement in clause 4.3.2.7.

’r

s/

Sourious Domain Out Of Band Domain (00B) Aflocated Band Qut Of Band Domain (00B) Spurious Domain

A

\ 4

2400 MHz - 2BW 2 400 MHz - BW 2400 MHz 24835 MHz  2483,5MHz + BW 24835 MHz + 2BW

A: -10 dBm/MHz e.i.r.p.
B: -20 dBm/MHz e.i.r.p. BW = Occupied Channel Bandwidth in MHz or 1 MHz whichever is greater
C: Spurious Domain limits

Figure 3: Transmit mask
Transmitter unwanted emissions in the out-of-band domain are emissions when the equipment is in Transmit
mode, on frequencies immediately outside the necessary bandwidth which results from the modulation
process, but excluding spurious.
These measurements shall only be performed at normal test conditions.
For systems using FHSS modulation, the measurements shall be performed during normal operation
(hopping).
For systems using wide band modulations other than FHSS, the measurement shall be performed at the
lowest and the highest channel on which the equipment can operate. These operating channels shall be
recorded.
The equipment shall be configured to operate under its worst case situation with respect to output power.
If the equipment can operate with different Occupied Channel Bandwidths (e.g. 20 MHz and 40 MHz), than
each channel bandwidth shall be tested separately.

TEST CONFIGURATION

.5m coaxial cable
Power Test Set EUT

1.2m power cable

DC Power Supply
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TEST PROCEDURE

According to ETSI EN 300 328 V2.2.2 (2019-07) §85.4.8.2.1, conducted method.
Connect the UUT to the spectrum analyser and use the following settings:

- Centre Frequency: evaluated frequency

- Span: 0 Hz

- Resolution BW: 1 MHz

- Filter mode: Channel filter

- Video BW: 3 MHz

- Detector Mode: RMS

- Trace Mode: Max Hold

- Sweep Mode: Continuous

- Sweep Points: Sweep Time [s] / (1 us) or 5 000 whichever is greater

- Trigger Mode: Video trigger

NOTE 1: In case video triggering is not possible, an external trigger source may be used.
- Sweep Time: > 120 % of the duration of the longest burst detected during the measurement of the RF
Output Power

Step 2: (segment 2 483,5 MHz to 2 483,5 MHz + BW)

e Adjust the trigger level to select the transmissions with the highest power level.

e For frequency hopping equipment operating in a normal hopping mode, the different hops will result in signal
bursts with different power levels. In this case the burst with the highest power level shall be selected.

e Set a window (start and stop lines) to match with the start and end of the burst and in which the RMS power
shall be measured using the Time Domain Power function.

e Select RMS power to be measured within the selected window and note the result which is the RMS power
within this 1 MHz segment (2 483,5 MHz to 2 484,5 MHz). Compare this value with the applicable limit
provided by the mask.

e Increase the centre frequency in steps of 1 MHz and repeat this measurement for every 1 MHz segment
within the range 2 483,5 MHz to 2 483,5 MHz + BW. The centre frequency of the last 1 MHz segment shall be
set to 2 483,5 MHz + BW - 0,5 MHz (which means this may partly overlap with the previous 1 MHz segment).

Step 3: (segment 2 483,5 MHz + BW to 2 483,5 MHz + 2BW)

e Change the centre frequency of the analyser to 2 484 MHz + BW and perform the measurement for the first
1 MHz segment within range 2 483,5 MHz + BW to 2 483,5 MHz + 2BW. Increase the centre frequency in 1
MHz steps and repeat the measurements to cover this whole range. The centre frequency of the last 1 MHz
segment shall be set to 2 483,5 MHz + 2 BW - 0,5 MHz.

Step 4: (segment 2 400 MHz - BW to 2 400 MHz)

e Change the centre frequency of the analyser to 2 399,5 MHz and perform the measurement for the first 1
MHz segment within range 2 400 MHz - BW to 2 400 MHz Reduce the centre frequency in 1 MHz steps and
repeat the measurements to cover this whole range. The centre frequency of the last 1 MHz segment shall be
setto 2 400 MHz - BW + 0,5 MHz.

Step 5: (segment 2 400 MHz - 2BW to 2 400 MHz - BW)

e Change the centre frequency of the analyser to 2 399,5 MHz - BW and perform the measurement for the
first 1 MHz segment within range 2 400 MHz - 2BW to 2 400 MHz - BW. Reduce the centre frequency in 1
MHz steps and repeat the measurements to cover this whole range. The centre frequency of the last 1 MHz
segment shall be set to 2 400 MHz - 2BW + 0,5 MHz.

Step 6:

e In case of conducted measurements on equipment with a single transmit chain, the declared antenna
assembly gain "G" in dBi shall be added to the results for each of the 1 MHz segments and compared with the
limits provided by the mask given in figures 1 or 3. If more than one antenna assembly is intended for this
power setting, the antenna with the highest gain shall be considered.

e In case of conducted measurements on smart antenna systems (equipment with multiple transmit chains),
the measurements need to be repeated for each of the active transmit chains. The declared antenna
assembly gain "G" in dBi for a single antenna shall be added to these results. If more than one antenna
assembly is intended for this power setting, the antenna with the highest gain shall be considered.
Comparison with the applicable limits shall be done using any of the options given below:

Option 1: the results for each of the transmit chains for the corresponding 1 MHz segments shall be added.
The additional beamforming gain "Y" in dB shall be added as well and the resulting values compared with the
limits provided by the mask given in figures 1 or 3.

Option 2: the limits provided by the mask given in figures 1 or 3 shall be reduced by 10 x log10(Ach) and the
additional beamforming gain "Y" in dB. The results for each of the transmit chains shall be individually
compared with these reduced limits
NOTE: Ach refers to the number of active transmit chains.
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It shall be recorded whether the equipment complies with the mask provided in figure 1 or figure 3.

EUT DESCRIPTION:

Mode: [<1802.11b [<]802.11g $]802.11n HT20 $<]802.11n HT40
<I2412MHz <I2412MHz XI2412MHz XI2412MHz
Test Channel [X12442MHz [X12442MHz [X2442MHz [X2442MHz
X2472MHz X2472MHz [X2472MHz [X2472MHz
. X]20MHz X]20MHz [X]20MHz X]20MHz
Bandwidth [J40MHz [ ]40MHz [ ]40MHz [ ]40MHz
Modulation Type [XIDSSS [ ]DSSS [ ]DSSS [ ]DSSS
[ JOFDM <IOFDM <IOFDM X<IOFDM
Channel Separation | X]5MHz XI5SMHz XI5SMHz XI5MHz

MEASUREMENT DESCRIPTION

Instrument: Spectrum Analyzer
Detector: RMS

Sweep time: depending on packet length
Video bandwidth: 3MHz

Resolution bandwidth: | 1MHz

Span: OHz

Trace: Trigger to burst

Sweep points:

Sweep Time [s] / (1 ps) or 5 000 whichever is greater

Conducted

Performed: L] Radiated (only if no conducted sample is provided)
TESTRESULTS
Temperature: 22.8°C
Humidity: 56%
Test Engineer: Anna Hu

Note: Cable loss and antenna gain was combined in the calculated result.
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11B_Ant1_2412_2400MHz-2BW to 2400MHz

in the out-of-band domain
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T it ted emissions in the out-of-band domain
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T it in the out-of-band domain
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T it ted emissions in the out-of-band domain
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T it ted emissions in the out-of-band domain
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in the out-of-band domain
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4.1.8 Transmitter unwanted emissions in the spurious domain
Limit

According to ETSI EN 300 328 V2.2.2(2019-07) 84.3.2.9.3
The transmitter unwanted emissions in the spurious domain shall not exceed the values given in table 4.

Table 1: Transmitter limits for spurious emissions

Maximum power
Frequency Range e.r.p.(<1GHz) Limit when Standby
e.i.r.p.(>1 GHz)
30 MHz to 47 MHz -36 dBm 100 KHz
47 MHz to 74 MHz -54 dBm 100 KHz
74MHz to 87.5 MHz -36 dBm 100 KHz
87.5 MHz to 118 MHz -54 dBm 100 KHz
118 MHz to 174 MHz -36 dBm 100 KHz
174 MHz to 230 MHz -54 dBm 100 KHz
230 MHz to 470 MHz -36 dBm 100 KHz
470 MHz to 694 MHz -54 dBm 100 KHz
694 MHz to 1 GHz -36 dBm 100 KHz
1 GHz to 12.75 GHz -30 dBm 1 MHz

These measurements shall only be performed at normal test conditions.

The level of spurious emissions shall be measured as, either:

a) their power in a specified load (conducted spurious emissions) and their effective radiated power when
radiated by the cabinet or structure of the equipment (cabinet radiation); or

b) their effective radiated power when radiated by cabinet and antenna in case of Integral antenna equipment
with no antenna connectors.

For equipment using FHSS modulation, the measurements may be performed when normal hopping is

disabled. In this case measurements need to be performed when operating at the lowest and the highest
hopping frequency. When this is not possible, the measurement shall be performed during normal operation

(hopping).

For systems using wide band modulations other than FHSS, the measurement shall be performed at the
lowest and the highest channel on which the equipment can operate. These frequencies shall be recorded.

The equipment shall be configured to operate under its worst case situation with respect to output power.
If the equipment can operate with different Nominal Channel Bandwidths (e.g. 20 MHz and 40 MHz), then the

equipment shall be configured to operate under its worst case situation with respect to spurious emissions.

Test Procedure

According to ETSI EN 300 328 V2.2.2 (2019-07) §5.4.9.2.2, Radiated measurement.
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Test Configuration

Effective Radiated Power measurement (30 MHz to 12.75 GHz)

Y
4

Receiving Antenna

Atlenuator

Signal
Substitute Generator
Antenna

i
L

eceiving Antenna

SA

=T

aill
vy

R

Test Results

Temperature: 22.8°C
Humidity: 56%
Test Engineer: Tony Luo

Remark: We test all modulation type, and recorded the worst case at 802.11b mode for wifi test.
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Fre. (MHz) ANT. Pol. I(:\:jeBsrl#)t (Iaiénni:) I\/I(?jng;n Conclusion
Below 1GHz:
488.78 \% -62.41 -54 8.41 PASS
487.35 H -60.44 -54 6.44 PASS
Above 1GHz:

Test Mode: Low Channel

4824 H -41.52 -30 11.52 PASS
4824 \Y -41.62 -30 11.62 PASS
7236 H -45.20 -30 15.20 PASS
7236 \Y; -44.84 -30 14.84 PASS
9648 H -45.97 -30 15.97 PASS
9648 \Y% -43.12 -30 13.12 PASS
Test Mode: High Channel
4944 H -42.65 -30 12.65 PASS
4944 \% -40.72 -30 10.72 PASS
7416 H -46.32 -30 16.32 PASS
7416 \% -45.14 -30 15.14 PASS
9888 H -48.55 -30 18.55 PASS
9888 \Y -48.03 -30 18.03 PASS

Note:
1. Cable loss and antenna gain was combined in the calculated result.
2. No record for margin above 20dB.
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4.1.9 Receiver spurious

LIMIT
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emissions

According to ETSI EN 300 328 VV2.2.2 (2019-07) §4.3.2.10.3
The spurious emissions of the receiver shall not exceed the values given in table 5.

Report No.: TZ230604429-WLAN1

Table 2: spurious emission limits for receivers

Frequency Maximum power, e.r.p. Measurement bandwidth
30 MHz to 1 GHz -57 dBm 100 KHz
30 MHz to 12.75 GHz -47 dBm 1 MHz
Test Procedure
The same as clause 4.1.8
Test Configuration
Effective Radiated Power measurement (30 MHz to 12.75 GHz)
SA Signal
Substitute Generator
Antenna
- [ ]
5 Dl 1! i
= Receiving Antenna
-
O
= g == e
=
i Yvy
SA
@
=
E 3 ,
- gl Receiving Antenna
D c
= =
u. <

The level of spurious emissions shall be measured as, either:

a) their power in a specified load (conducted spurious emissions) and their effective radiated power when
radiated by the cabinet or structure of the equipment (cabinet radiation); or

b) their effective radiated power when radiated by cabinet and antenna in case of Integral antenna
equipment withno temporary antenna connectors.
Testing shall be performed when the equipment is in a receive-only mode.
For equipment using wide band modulations other than FHSS, the measurement shall be performed at the
lowest and the highest channel on which the equipment can operate. These frequencies shall be recorded.
For equipment using FHSS modulation, the measurements may be performed when normal hopping is
disabled. In this case measurements need to be performed when operating at the lowest and the highest
hopping frequency. These frequencies shall be recorded. When disabling the normal hopping is not possible,
the measurement shall be performed during normal operation (hopping).
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Test Results

Temperature: 22.8°C
Humidity: 56%
Test Engineer: Tony Luo

Remark: We test all modulation type, and recorded the worst case at 802.11b mode for wifi test.

Fre. (MHz) ANT. Pol. I(QdeBsrl:]I)t I(QdeBsrl:]I)t (Ia'énn':) Conclusion
Below 1GHz:
441.74 Y, -66.28 -57 9.28 PASS
623.65 H -65.59 -57 8.59 PASS
Above 1GHz:
Test Mode: Lowest frequency
1589.59 H -58.39 -47 11.39 PASS
1589.59 \% -58.51 -47 11.51 PASS
2439.28 H -55.92 -47 8.92 PASS
2439.28 \% -57.13 -47 10.13 PASS
Test Mode: Highest frequency
1899.20 H -55.22 -47 8.22 PASS
1899.20 \% -59.91 -47 12.91 PASS
2041.82 H -56.32 -47 9.32 PASS
2041.82 V -57.77 -47 10.77 PASS
Note:
1. Cable loss and antenna gain was combined in the calculated result.
2. No record for margin above 20dB.
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4.1.10 Receiver Blocking
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LIMIT

According to ETSI EN 300 328 vV2.2.2 (2019-07) §4.3.2.11.4

While maintaining the minimum performance criteria as defined in clause 4.3.2.11.3, the blocking levels at
specified frequency offsets shall be equal to or greater than the limits defined for the applicable receiver
category provided in table 14, table 15 or table 16.

The minimum performance criterion shall be a PER less than or equal to 10 %. The manufacturer may declare
alternative performance criteria as long as that is appropriate for the intended use of the equipment.

Table 14: Receiver Blocking parameters for Receiver Category 1 equipment

Wanted signal mean Blocking signal Blocking Type of blocking
power from companion frequency signal power signal
device (dBm) (MHz) (dBm)
(see note 2)
2380
Pin T 6 dB 55035 -53 cw
2300
Poin T 6 dB 2330 -47 CW
2 360
25235
25535
Pmin T 6 dB 2 g?gg -47 cw
26435
26735
NOTE 1. P, is the minimum level of the wanted signal (in dBm) required to meet the
minimum performance criteria as defined in clause 4.3.2.11.3 in the absence of
any blocking signal.
NOTE 2: The levels specified are levels in front of the UUT antenna. In case of
conducted measurements, the levels have to be corrected by the actual
antenna assembly gain.

Table 15: Receiver Blocking parameters receiver category 2 equipment

Wanted signal mean Blocking signal Blocking Type of blocking
power from companion frequency signal power signal
device (dBm) (MHz) (dBm)
(see note 2)
2 380
P ...+6dB -
min 25035 37 cw
2 300
P . +6dB -
min 25835 47 cw
NOTE 1. P, is the minimum level of the wanted signal (in dBm) required to meet the
minimum performance criteria as defined in clause 4.3.2.11.3 in the absence of
any blocking signal.
NOTE 2: The levels specified are levels in front of the UUT antenna. In case of
conducted measurements, the levels have to be corrected by the actual
antenna assembly gain.
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Table 16: Receiver Blocking parameters receiver category 3 equipment

Wanted signal mean Blocking signal Blocking Type of blocking
power from companion frequency signal power signal
device (dBm) (MHz) (dBm)
(see note 2)
2380
P +12dB -
min 2503,5 >7 cw
2300
. -
Pmin T 12dB 25835 47 CW

NOTE 1. P, is the minimum level of the wanted signal (in dBm) required to meet the

minimum performance criteria as defined in clause 4.3.2.11.3 in the absence of
any blocking signal.

NOTE 2: The levels specified are levels in front of the UUT antenna. In case of
conducted measurements, the levels have to be corrected by the actual
antenna assembly gain.

According to ETSI EN 300 328 VV2.2.2 (2019-07) § 4.2.3 Receiver categories

4.2.3.2.1 Receiver category 1

Adaptive equipment with a maximum RF output power greater than 10 dBm e.i.r.p. shall be considered as
receiver category 1 equipment.

4.2.3.2.2 Receiver category 2

Non-adaptive equipment with a Medium Utilization (MU) factor greater than 1 % and less than or equal to 10 %
or adaptive equipment with a maximum RF output power of 10 dBm e.i.r.p. shall be considered as receiver
category 2 equipment.

4.2.3.2.3 Receiver category 3

Non-adaptive equipment with a maximum Medium Utilization (MU) factor of 1 % or adaptive equipment with a
maximum RF output power of 0 dBm e.i.r.p. shall be considered as receiver category 3 equipment.

These measurements shall only be performed at normal test conditions.

For non-frequency hopping equipment, having more than one operating channel, the equipment shall be
tested operating at both the lowest and highest operating channels. Equipment which can change their
operating channel automatically (adaptive channel allocation), and where this function cannot be disabled,
shall be tested as a frequency hopping equipment.

If the equipment can be configured to operate with different Nominal Channel Bandwidths (e.g. 20 MHz and
40 MHz) and different data rates, then the combination of the smallest channel bandwidth and the lowest data
rate for this channel bandwidth which still allows the equipment to operate as intended shall be used. This
mode of operation shall be aligned with the performance criteria defined in clause 4.3.1.12.3 or clause
4.3.2.11.3 as declared by the manufacturer (see clause 5.4.1 t)) and shall be described in the test report.

It shall be verified that this performance criteria as declared by the manufacturer is achieved.

TEST CONFIGURATION

Variable attenuator Performance
step size < 1dB Menitoring
Device
Signalling Unit
or
Companion
Davice < "l ATl I‘ » Splitter/ : Direct. Coupler
7 il — » )
_ | Combiner ; E—’ uut
Blocking Signal
Source
v

Spectrum
Analyzer

Optional

Figure 6: Test Set-up for receiver blocking
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MEASUREMENT DESCRIPTION

According to ETSI EN 300 328 V2.2.2 (2019-07) 85.4.11.2.1, Conducted measurements

Step 1:

* For non-frequency hopping equipment, the UUT shall be set to the lowest operating channel.

Step 2:

*» The blocking signal generator is set to the first frequency as defined in the appropriate table corresponding
to the receiver category and type of equipment.

Step 3:

» With the blocking signal generator switched off, a communication link is established between the UUT and
the associated companion device using the test setup shown in figure 6. The attenuation of the variable
attenuator shall be increased in 1 dB steps to a value at which the minimum performance criteria as specified
in clause 4.3.1.12.3 or clause 4.3.2.11.3 is still met. The resulting level for the wanted signal at the input of the
UUT is Pmin.

« This signal level (Pmin) is increased by the value provided in the table corresponding to the receiver
category and type of equipment.

Step 4.

* The blocking signal at the UUT is set to the level provided in the table corresponding to the receiver category
and type of equipment. It shall be verified and recorded in the test report that the performance criteria as
specified in clause 4.3.1.12.3 or clause 4.3.2.11.3 is met.

Step 5:

* Repeat step 4 for each remaining combination of frequency and level for the blocking signal as provided in
the table corresponding to the receiver category and type of equipment.

Step 6:

* For non-frequency hopping equipment, repeat step 2 to step 5 with the UUT operating at the highest
operating channel.
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TEST RESULTS
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Temperature: 22.8°C
Humidity: 56%
Test Engineer: Anna Hu
Wanted = CwW
: req. o .
TestMode Channel PER [% Limit [% Verdict
signal [MHZ] [dBm] [%] [%0]
[dBm]
-74 2300 -34 0.7 <=10 PASS
-74 2330 -34 1 <=10 PASS
-74 2360 -34 1.2 <=10 PASS
-74 2390 -34 0.7 <=10 PASS
2412
-74 2420 -34 1.3 <=10 PASS
-74 2674 -34 1.3 <=10 PASS
-68 2380 -34 1 <=10 PASS
-68 2504 -34 0.6 <=10 PASS
802.11b
-74 2300 -34 0.9 <=10 PASS
-74 2330 -34 1.3 <=10 PASS
-74 2360 -34 1.3 <=10 PASS
-74 2390 -34 1.1 <=10 PASS
2472
-74 2420 -34 1.2 <=10 PASS
-74 2674 -34 1.3 <=10 PASS
-68 2380 -34 0.6 <=10 PASS
-68 2504 -34 0.6 <=10 PASS
-74 2300 -34 0.6 <=10 PASS
-74 2330 -34 0.8 <=10 PASS
-74 2360 -34 1.4 <=10 PASS
-74 2390 -34 0.9 <=10 PASS
2412
-74 2420 -34 1.4 <=10 PASS
-74 2674 -34 1 <=10 PASS
-68 2380 -34 1.3 <=10 PASS
-68 2504 -34 1.4 <=10 PASS
802.11g
-74 2300 -34 0.7 <=10 PASS
-74 2330 -34 1.1 <=10 PASS
-74 2360 -34 0.6 <=10 PASS
-74 2390 -34 0.8 <=10 PASS
2472
-74 2420 -34 0.6 <=10 PASS
-74 2674 -34 0.9 <=10 PASS
-68 2380 -34 0.9 <=10 PASS
-68 2504 -34 1.3 <=10 PASS
-74 2300 -34 1.2 <=10 PASS
-74 2330 -34 0.6 <=10 PASS
-74 2360 -34 0.9 <=10 PASS
-74 2390 -34 1.1 <=10 PASS
2412
-74 2420 -34 0.9 <=10 PASS
802.11n20
-74 2674 -34 1 <=10 PASS
-68 2380 -34 1 <=10 PASS
-68 2504 -34 0.6 <=10 PASS
-74 2300 -34 1.4 <=10 PASS
2472
-74 2330 -34 1.3 <=10 PASS
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Wanted . CW
. reg. o :
TestMode Channel PER [% Limit [% Verdict
signal [MHZ] [dBm] [%] [%]
[dBm]
-74 2360 -34 1.4 <=10 PASS
-74 2390 -34 0.6 <=10 PASS
-74 2420 -34 1.4 <=10 PASS
-74 2674 -34 1.2 <=10 PASS
-68 2380 -34 0.8 <=10 PASS
-68 2504 -34 0.5 <=10 PASS
-74 2300 -34 0.9 <=10 PASS
-74 2330 -34 1.5 <=10 PASS
-74 2360 -34 1.1 <=10 PASS
-74 2390 -34 0.6 <=10 PASS
2412
-74 2420 -34 1.2 <=10 PASS
-74 2674 -34 1.5 <=10 PASS
-68 2380 -34 0.7 <=10 PASS
-68 2504 -34 0.7 <=10 PASS
802.11n40
-74 2300 -34 0.7 <=10 PASS
-74 2330 -34 1 <=10 PASS
-74 2360 -34 0.9 <=10 PASS
-74 2390 -34 1.4 <=10 PASS
2472
-74 2420 -34 1.4 <=10 PASS
-74 2674 -34 1.3 <=10 PASS
-68 2380 -34 0.6 <=10 PASS
-68 2504 -34 1.5 <=10 PASS
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4.1.11 Geo-location capability

Definition& Requirements

ETSI EN 300 328 (V2.2.2) Sub-clause 4.3.2.13.2 Definition

Geo-location capability is a feature of the equipment to determine its geographical location with the purpose to
configure itself according to the regulatory requirements applicable at the geographical location where it
operates.

The geo-location capability may be present in the equipment or in an external device (temporary) associated
with the equipment operating at the same geographical location during the initial power up of the equipment.
The geographical location may also be available in equipment already installed and operating at the same
geographical location.

ETSI EN 300 328 (V2.2.2) Sub-clause 4.3.2.13.2 Requirements
The geographical location determined by the FHSS equipment as defined in clause 4.3.1.13.2 shall not be
accessible to the user in a way that would allow the user to alter it.

RESULTS
This equipment does not support Geo-location.
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5 Test Setup Photos of the EUT
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6 External and Internal Photos of the EUT
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TEST REPORT

2023/7/25
Test Report No. : TZ230604429-WLAN2 .
Date of issue
Equipment under Test : Wanbo Projector
Model /Type : WPB21

Mozart,Mozart 1,Mozart 1 Pro,Mozart 2, TTMax,TTPro,M1Pro

Listed Models WPB2*(“*”=0-9 or A-Z or any character or blank)

Applicant : Shenzhen wanbo Technology Co., Ltd.

: 4th Floor, Building 1, Chuangjian Phase 2 Industrial Park,
Address Yingrenshi Community, Shiyan Street, Baoan District,
Shenzhen, China

Manufacturer : Shenzhen wanbo Technology Co., Ltd.

: 4th Floor, Building 1, Chuangjian Phase 2 Industrial Park,
Address Yingrenshi Community, Shiyan Street, Baoan District,
Shenzhen, China

Test Result: PASS

The test report merely corresponds to the test sample.
It is not permitted to copy extracts of these test result without the written permission of the test
laboratory.
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** Modifited History **

Revision Description Issued Data Remark

Revision 1.0 Initial Test Report Release 2023/7/25 Andy Zhang
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1. TEST STANDARDS

The tests were performed according to following standards:

ETSI EN 301 893 vV2.1.1 (2017-05)

5 GHz RLAN;
Harmonised Standard covering the essential requirements
of article 3.2 of Directive 2014/53/EU

Report No.: TZ230604429-WLAN2



/ Page 6 of 41 Report No.: TZ230604429-WLAN2
2. SUMMARY
2.1. General Remarks
Date of receipt of test sample 2023/6/15
Testing commenced on 2023/6/15
Testing concluded on 2023/7/25

2.2. Product Description

The Shenzhen wanbo Technology Co., Ltd.’s Model: WPB21 or 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

Wanbo Projector

Model(s) Number

WPB21

List Models

New T2,New T2 Max,T2 Max,T2 Max New,WPB2*(“*"=0-9 or A-Z or
any character or blank)

Difference descrption

All the same except for the model name and Color of appearance

Hardware version

WB_T2 V1.0

Software version

V1.0

Antenna Type

Integral

Wireless
Type

Working Frequency

Modulation Type

Version

Bluetooth

2402MHz-2480MHz

EDR: GFSK,8DPSK,m/4DQPSK
BLE: GFSK

5.0

WLAN(2.4G)

IEEE 802.11b:2412-2472MHz
IEEE 802.119:2412-2472MHz
IEEE 802.11n HT20:2412-2472MHz
IEEE 802.11n HT40: 2422-2462MHz

|EEE 802.11b:
DSSS(CCK,DQPSK,DBPSK)
|EEE 802.11g:

OFDM(64QAM, 16QAM, QPSK,
BPSK)

IEEE 802.11n HT20:

OFDM (64QAM, 16QAM,
QPSK,BPSK)

IEEE 802.11n HT40: OFDM
(64QAM, 16QAM, QPSK,BPSK)

WLAN(5G)

5180MHz to 5320MHz
5745MHz to 5825MHz

IEEE 802.11n :OFDM (64QAM,
16QAM, QPSK,BPSK)

IEEE 802.11a:0FDM (64QAM,
16QAM, QPSK,BPSK)

|EEE 802.11ac: OFDM
(256QAM, 64QAM, 16QAM,
QPSK, BPSK)
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2.3. Equipment Under Test
Power supply system utilised

Power supply voltage ;| O] 120V /60 Hz O 115V / 60Hz

0|12V DC 0|24V DC

@ | Other (specified in blank below)

DC 19V by adpater
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Support band(s)
Frequency 5150-5250 | 5250-5350 5470-5725 5725-5850
Band(MHz)
802.11a N, - — N
802.11n HT20 N, - — N
802.11n HT40 N - — N
802.11ac HT20 N — — N
802.11ac HT40 N — — N
Description of the test mode
For 5.18GHz - 5.32GHz Band
4 channels are provided for 802.11a/802.11n HT20/802.11ac VHT20
Channel Frequency(MHz) Channel Frequency(MHz)
36 5180 44 5220
40 5200 48 5240
2 channels are provided for 802.11n HT40/802.11ac VHT40
Channel Frequency(MHz) Channel Frequency(MHz)
38 5190 46 5230
Test Frequency List
Test Frequency
Modulation Type I_OWFersetquency Mlddllirequency HIgheT:trequency
Channel (MH2) Channel (MH2) Channel (MHZ)
802.11a 36 5180 40 5200 48 5240
802.11n HT20 36 5180 40 5200 48 5240
802.11n HT40 38 5200 40 5200 46 5230
802.11ac VHT20 36 5180 40 5200 48 5240
802.11ac VHT40 38 5200 40 5200 46 5230
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2.4. Description of the Equipment under Test (EUT)

a) The Nominal Channel Bandwidth(s):

X] Nominal Channel Bandwidth 1: 20MHz

X] Nominal Channel Bandwidth 2: 40MHz

X] Nominal Channel Bandwidth 3: .80MHz

The associated centre frequencies:

X For Nominal Channel Bandwidth 1:

X for the band 5 150 - 5 350 MHz: 5180MHz; 5200 MHz; 5220 MHz; 5240 MHz;
[] for the band 5 470 - 5 725 MHz: ...... MHz; ...... MHz; ...... MHz; ...... MHz;
X] For Nominal Channel Bandwidth 2:

X for the band 5 150 - 5 350 MHz: 5190 MHz; 5230 MHz;

[] for the band 5 470 - 5 725 MHz: ...... MHz; ...... MHz; ...... MHz; ...... MHz;
X] For Nominal Channel Bandwidth 3:

X for the band 5 150 - 5 350 MHz: 5210 MHz;

] for the band 5 470 - 5 725 MHz: ...... MHz; ...... MHz; ...... MHz; ...... MHz;

b) For equipment that support simultaneous transmissions in one or more channels:

The (maximum) number of channels used for these simultaneous transmissions: ......

These channels are adjacent channels: [ JYes [XINo

In case of non-adjacent channels, whether or not these channels are in different sub-bands:

[Jves [No

NOTE 1: In case of simultaneous transmissions, further information defining the channels used for these
simultaneous transmissions may be required.

c) The different transmit operating modes (see clause 5.1.4.2) (tick all that apply):
[lOperating mode 1: Single Antenna Equipment

[la) Equipment with only 1 antenna

[Ib) Equipment with diversity antennas but only 1 antenna active at any moment in time
[Jc) Smart Antenna Systems with 2 or more antennas, but operating in a (legacy) mode where only 1
antenna is used. (e.g. IEEE 802.11a legacy mode in smart antenna systems)
XlOperating mode 2: Smart Antenna Systems - Multiple Antennas without beamforming
Xla) Single spatial stream/Standard throughput (e.g. IEEE 802.11a legacy mode)

[b) High Throughput ( >1 spatial stream) using Nominal Channel Bandwidth 1

[c) High Throughput (>1 spatial stream) using Nominal Channel Bandwidth 2
[lOperating mode 3: Smart Antenna Systems - Multiple Antennas with beamforming
[la) Single spatial stream/Standard throughput (e.g. IEEE 802.11a legacy mode)

[b) High Throughput ( >1 spatial stream) using Nominal Channel Bandwidth 1

[lc) High Throughput (>1 spatial stream) using Nominal Channel Bandwidth 2

d) In case of Smart Antenna Systems or multiple antenna systems

» The number of Receive chains: 2

* The number of Transmit chains: 2

+ Equal power distribution among the transmit chains: [ JYes [XINo

* In case of beamforming, the maximum (additional) beamforming gain: ...... dB

NOTE 2: Beamforming gain does not include the basic gain of a single antenna (assembly).

e) TPC feature available:
[lYes
XINo

f) For equipment with TPC range:

The lowest and highest power level (or lowest and highest e.i.r.p. level in case of integrated antenna
equipment), intended antenna assemblies and corresponding operating frequency range for the TPC range
(or for each of the TPC ranges if more than one is implemented).

TPC range 1: Applicable Frequency Range:

[]5 150 MHz to 5 350 MHz and 5 470 MHz to 5 725 MHz (Indoor)

Simultaneous transmissions in both sub-bands: [_JYes [ ]No

[]5 470 MHz to 5 725 MHz only (Outdoor only)

Applicable power levels (see note): [ JTx out [Je.i.r.p

NOTE 3: Indicate whether the power levels specified are Transmitter Output Power levels or e.i.r.p. levels in
case of integrated antenna equipment.
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If more than 1 transmit chain is present (e.g. in the case of smart antenna systems), the power levels below
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represent the power settings per active transmit chain (and per sub-band in case of simultaneous

transmissions).

Table F.1: Power levels for TPC range 1

Sub-band (MHz)

Operating
Mode 1 (dBm)

Operating
Mode 2 (dBm)

Operating
Mode 3 (dBm)

Lowest setting

515010 5 350

(Prow) 5470t05 725
Highest setting | 5 150 to 5 350
(Pnign) 5470t05 725

Beamforming possible: [ ]Yes

[ INo

Intended Antenna Assemblies:
Table F.2: Intended Antenna Assemblies for TPC range 1

ey | e | opering | subaang | oo | eipr | eigpl
name (dBi) gain (dB) (dBm) (dBm)

e S0

Antenna 1 Mode2 22?8 Eg 232(5)
Ty
e 2201255

Antenna 2 Mode2 22?8 Eg 232(5)
Ty
e S201255

Antenna 3 Mode2 2}1?8 :g gigg
Ty

DFS Threshold level: ...... dBm

[lat the antenna connector
[Jin front of the antenna

TPC range 2: Applicable Frequency Range:

[]5 150 MHz to 5 350 MHz and 5 470 MHz to 5 725 MHz (Indoor)
Simultaneous transmissions in both sub-bands: [_]Yes

15 470 MHz to 5 725 MHz only (Outdoor only)

Applicable power levels (see note): []Tx out
NOTE 4: Indicate whether the power levels specified are Transmitter Output Power levels or e.i.r.p. levels in

case of integrated antenna equipment.

If more than 1 transmit chain is present (e.g. in the case of smart antenna systems), the power levels below

[ INo

Lle.i.r.p

represent the power settings per active transmit chain (and per sub-band in case of simultaneous

transmissions).

Table F.3: Power levels for TPC range 2

Sub-band (MHz)

Operating
Mode 1 (dBm)

Operating
Mode 2 (dBm)

Operating
Mode 3 (dBm)

Lowest setting

5150to 5 350

(Prow) 5470t0 5725
Highest setting | 5 150 to 5 350
(Pnigh) 5470t0 5725

Beamforming possible: [_]Yes

[ INo

Intended Antenna Assemblies:
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Table F.4: Intended Antenna Assemblies for TPC range 2
ey | e | opersing | subdbang | Dot | ep | eipprr
name (dBi) gain (dB) (dBm) (dBm)

s | 005

Antenna 1 Mode2 :411?8 :8 gigg
ooy | 21500 50
ey | 2150050

Antenna 2 Mode2 :411?8 :8 gigg
ooy | o150 50
s | 2150050

Antenna 3 Mode2 :411?8 :g 2?2(5)
ey | 210 58

DFS Threshold level: ...... dBm

[Jat the antenna connector
[lin front of the antenna

g) For equipment without a TPC range:

Power Setting 1: Applicable Frequency Range:

X]5 150 MHz to 5 350 MHz and 5 470 MHz to 5 725 MHz (Indoor)
Simultaneous transmissions in both sub-bands: [ JYes [X]No
[]5 470 MHz to 5 725 MHz only (Outdoor only)

Applicable power levels (see note): [ ]Tx out [Xle.i.r.p.

NOTE 5: Indicate whether the power levels specified are Transmitter Output Power levels or e.i.r.p. levels in
case of integrated antenna equipment.

If more than 1 transmit chain is present (e.g. in the case of smart antenna systems), the power levels below
represent the power settings per active transmit chain (and per sub-band in case of simultaneous
transmissions).

Table F.5: Maximum Transmitter Output Power for Power Setting 1

) Operating Operating Operating
Sub-band (MH2) |\ 461 (dBm) | Mode 2 (dBm) | Mode 3 (dBm)
5150 to 5240

5470to 5725
Beamforming possible: [ JYes [XINo

Intended Antenna Assemblies
Table F.6: Intended Antenna Assemblies for Power Setting 1

Antenna Antenna . e.i.r.p. for e.i.r.p.for
Assembly Gain Opl\%é(ljtleng Su(l'?/l—gil)nd Piow Phigh
name (dBi) (dBm) (dBm)

5150 to 5350

Model o 00105725

5150 to 5350

Antenna t Mode2 o 00105725
5150 to 5350

Mode3 o 00105725

Antenna 2 Model 5150 to 5350

5470 to 5725
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oz [ S ESS
o | D50
o1 | S50
Antenna 3 Mode2 23‘1?8 :g gggg
o | S50

DFS Threshold level: ...... dBm
[Jat the antenna connector
[Jin front of the antenna

Power Setting 2: Applicable Frequency Range:

[]5 150 MHz to 5 350 MHz and 5 470 MHz to 5 725 MHz (Indoor)
Simultaneous transmissions in both sub-bands: [ JYes [ ]No
[]5 470 MHz to 5 725 MHz only (Outdoor only)

Applicable power levels (see note): [ JTx out [ Je.i.r.p.

NOTE 6: Indicate whether the power levels specified are Transmitter Output Power levels or e.i.r.p. levels in
case of integrated antenna equipment.

If more than 1 transmit chain is present (e.g. in the case of smart antenna systems), the power levels below
represent the power settings per active transmit chain (and per sub-band in case of simultaneous
transmissions).

Table F.7: Maximum Transmitter Output Power for Power Setting 2

i Operating Operating Operating
Sub-band (MH2) | /461 (dBm) | Mode 2 (dBm) | Mode 3 (dBm)
5150 to 5350

5470to 5725
Beamforming possible: [ JYes [INo

Intended Antenna Assemblies
Table F.6: Intended Antenna Assemblies for Power Setting 1

oy | e | opereing | subbana | 1gper | gl
name (dBi) (dBm) (dBm)

Ty

Antenna 1 Mode2 2‘158 :g g?gg
ases |- S201255
il Ty

Antenna 2 Mode2 2‘1138 :g 2?22
ey | S0 580
Ty

Antenna 3 Mode2 2‘1138 :g 2?22
ey | 810580

DFS Threshold level: ...... dBm

[lat the antenna connector
[Jin front of the antenna

h) The DFS related operating mode(s) of the equipment
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[ IMaster

[ISlave with radar detection

[_ISlave without radar detection

NOTE 7: If the equipment has more than 1 operating mode, tick all that apply.

i) User access restrictions (please check box below to confirm)
[_IDFS controls (hardware or software) related to radar detection are NOT accessible to the user

j) For equipment with Off-Channel CAC functionality

The equipment has an "Off-Channel CAC" function: [ JYes [XINo

If yes, specify the "Off-Channel CAC Time"

* For channels outside the 5 600 MHz to 5 650 MHz range: ......... hours

« If applicable, for channels (partially) within the 5 600 MHz to 5 650 MHz range: ......... hours

k) The equipment can operate in ad-hoc mode

[Ino ad-hoc operation

Xad-hoc operation in the frequency range 5 150 MHz to 5 250 MHz without DFS
[[lad-hoc operation with DFS

NOTE 8: If more than 1 is applicable, tick all that apply.

[) Operating Frequency Range(s):

Range 1: [ ] 5 150 MHz to 5 350 MHz and 5 470 MHz to 5 725 MHz

Range 2: [ ]5 470 MHz to 5 725 MHz

Range 3: X5 150 MHz to 5 250 MHz (ad-hoc without DFS)

Range 4: [Jother, please specify: .................

NOTE 9: If the equipment has more than 1 Operating Frequency Range, tick all that apply.

m) The extreme operating temperature and supply voltage range that apply to the equipment:
[]-20 °C to +55 °C (Outdoor & Indoor usage)

[ ]0 °C to +35 °C (Indoor usage only)

XOther: -10 °C to +40 °C (Indoor usage only)

The supply voltages of the stand-alone radio equipment or the supply voltages of the combined (host)
equipment or test jig in case of plug-in devices:

Details provided are for the
[Istand-alone equipment
Xlcombined (or host) equipment
[test jig

Supply Voltage

[ ] AC mains State AC voltage: Minimum: ... Nominal: ... Maximum: ...
[]DC State DC voltage Minimum: 3.3V Nominal: 3.8V Maximum: 2.8V
In case of DC, indicate the type of power source:

[linternal Power Supply

[lExternal Power Supply or AC/DC adapter

[Battery [INickel Cadmium

[]Alkaline

[INickel-Metal Hydride

[ILithium-lon

[Lead acid (Vehicle regulated)

Xother

n) The test sequence/test software used (see also EN 301 893 (V2.1.1), clause 5.1.2)
Xshell 7

0) Type of Equipment

XIstand-alone

[]Combined Equipment (Equipment where the radio part is fully integrated within another type of
equipment)

[IPlug-in radio device (Equipment intended for a variety of host systems)

LJOMNET ettt ettt

p) Adaptivity (Channel Access Mechanism) X]Yes [ INo
[IFrame Based Equipment
XLoad Based Equipment
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Specify which protocol has been implemented: [X|802.11 []Other: ............
g) Clear Channel Assessment

The CCA time implemented by the equipment: 130us
In case of Load Based Equipment, the value "g" referred to in EN 301 893 (V2.1.1) clause 4.9.2.2 point 1: 6

2.5. EUT Classification:

X stand alone equipment
Type of equipment: L] plug in radio equipment
L] combined equipment
. ) X Wide Band Modulation (None Hopping — e.g. DSSS, OFDM)
Modulation types: L] Frequency Hopping Spread Spectrum (FHSS)
[ ] Frame Based Equipment
X ves, LBT-based XLoad Based Equipment
L] Yes, non-LBT-based
Adaptive equipment: E L(ca)s (but can be disabled)
X q value 16
L] COT value
X CCA value 34us
Operating mode 1 (single antenna)
Equipment with 1 antenna,
[ Equipment with 2 diversity antennas operating in switched diversity mode by
which at any moment in time only 1 antenna is used,
Smart antenna system with 2 or more transmit/receive chains, but operating in
a mode where only 1 transmit/receive chain is used)
Antennas and - - .
transmit operating Ope_ratlng mode 2_ (mL_JIt|pI§ antennas, no beamforming) _
modes: X Equipment operating in this mode contains a smart antenna system using two
or more transmit/receive chains simultaneously but without beamforming.
Operating mode 3 (multiple antennas, with beamforming)
Equipment operating in this mode contains a smart antenna system using two
L] or more transmit/receive chains simultaneously with beamforming. In addition
to the antenna assembly gain (G), the beamforming gain (Y) may have to be
taken into account when performing the measurements.

2.6. EUT configuration

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

@® - supplied by the manufacturer

O - supplied by the lab

O| Computer Manufacture : ASUS
Model No.: X454L

O| AOC Monitor Manufacture : FuJianJieLian
Model No.: 280LM00003
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2.7. Modifications

No modifications were implemented to meet testing criteria.
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2.8. Internal Identification of EUT used during the test

Report No.: TZ230604429-WLAN2

EUT ID* S”\N/l |§|r HW Version SW Version Date of receipt T)_/I_peestof
TZ230604429-1# N/A WB_T2 V1.0 V1.0 2023/6/15 Radio
TZ230604429-2# N/A WB_T2 V1.0 V1.0 2023/6/15 EMC
2.9. NOTE

Function Test Standards Reference Report

ETSI EN 301 489-1 V2.2.3 (2019-11)
ETSI EN 301 489-3 V2.1.1 (2019-03)
ETSI EN 301 489-17 V3.2.4 (2020-09)
EMC EN55032:2015+A11:2020 TZ230604429-RE
EN55035:2017+A11:2020
EN IEC 61000-3-2:2019
EN61000-3-3:2013+A1:2019
Bluetooth
BDR+EDR ETSI EN 300 328 V2.2.2 (2019-07) TZ230604429-EDR
BLE ETSI EN 300 328 V2.2.2 (2019-07) TZ230604429-BLE
ETSI EN 300 328 V2.2.2 (2019-07) TZ230604429-WLAN1
WLAN ETSI EN 301 893 V2.1.1 (2017-05) TZ230604429-WLAN2
ETSI EN 300 440 V2.2.1 (2018-07) TZ230604429-WLAN3
EN62311:2008
EMF EN50665.2017 TZ230604429-EMF
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3. TEST ENVIRONMENT

3.1. Address of the test laboratory

Shenzhen Tongzhou Testing Co.,Ltd
1th Floor, Building 1, Haomai High-tech Park, Huating Road 387, Dalang Street, Longhua, Shenzhen,
China
The sites are constructed in conformance with the requirements of ANSI C63.7, ANSI C63.4 (2014)
and CISPR Publication 22.

3.2. Environmental conditions

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

Normal Temperature: 25 °C
High Temperature: 40°C
Low Temperature: -10°C
Normal Voltage: DC 19V
High Voltage/HV: DC 21.9V
Low Voltage/LV: DC 17.1V
Relative Humidity: 55 %

Air Pressure: 989 hPa

3.3. Test Description

3.3.1 Main Terms

Verdict Verdict of each test cases.

Test Case Test cases identification number and description in 3GPP test specification and ETSI
specification.

3.3.2 Terms used in Condition column

NTC Normal voltage, Normal Temperature
HV High voltage, Normal Temperature
LV Low voltage, Normal Temperature
HT High Temperature, Normal voltage
LT Low Temperature, Normal voltage
HTHV High voltage, High Temperature
LTHV High voltage, Low Temperature
HTLV Low voltage, High Temperature
LTLV Low voltage, Low Temperature

Vib Vibration
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3.3.3 Terms used in Verdict column

Pass

Fail

N/A

Inc

Decl

BR

This test cases has been tested, and EUT is conformant to the applied standards in

the given frequency band.

This test cases has been tested, but EUT is not conformant to the applied standards

in the given frequency band.

This test case is either not required/not applicable in the specified band or is not

applicable according to the specific PICS/PIXIT for the EUT.
Test case result is ambiguous in the given frequency band.

Declaration is received from the client to demonstrate the conformity to the relevant

specification in the given frequency band.

This test cases is not tested in the given frequency band, but this testcases was
tested with pass result for the initial model in the given frequency band.
3.3.4 Sumarry of measurement results

X No deviations from the technical specifications were ascertained
] There were deviations from the technical specifications ascertained
Test Test
Specification Test Case Conditi Mode Pass | Fail N/A NP Remark
Clause on
NTC X L] L |
[X|802.11a
54.9 Centre |I_-||\\//|I__|'1I'_ 1X]802.11n I;l I;‘ I;l I;l
o frequencies T [X|802.11ac — — — —
CVHT []802.11ax = = = =
Nominal Channel - - - -
Bandwidth and %gggﬁﬁ
5.4.3 Occupied NTC | Rgoz 11 X U] Il U]
Channel ] 2' ac
Bandwidth 802.11ax
RF output power, | NTC X Ll L] L]
Transmit Power HVLT %gg;ﬁﬁ L] L] LJ L]
5.4.4 Control (TPC) HVHT | 1005 11ac ] L] L] L]
and power LVLT | Hig02 11ax L] L] L] L]
density LVHT ' L] L] L] |
Transmitter
unwanted [X|802.11a
emissions X|802.11n
545 outside the 5 NTC [X|802.11ac 2 O 2 O
GHz RLAN []802.11ax
bands
Transmitter
unwanted %gggﬁﬁ
5.4.6 emissions within NTC |Z802.llac X ] ] ]
the 5 GHz RLAN ’
bands []802.11ax
Receiver %gggﬁﬁ
5.4.7 spurious NTC |Z802.11ac X ] ] ]
emissions )
[]802.11ax
Dynamic X|802.11a
5.4.8 Frequency NTC %gggﬁgc U] ] X U]
Selection (DFS) []802.11ax
Adaptivity %Sggﬂﬁ
5.4.9 (channel access NTC |Z802.11ac X U] ] ]
mechanism) '
[]802.11ax
X|802.11a
Receiver 1X]802.11n
54.10 Blocking NTC XI802.11ac X [ [ [
[]802.11ax
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Remark:
1. The measurement uncertainty is not included in the test result.

Preliminary tests were performed in different data rate to find the worst radiated emission. The data rate
shown in the table below is the worst-case rate with respect to the specific test item. Investigation has been
done on all the possible configurations for searching the worst cases. The following table is a list of the test
modes shown in this test report.

Mode Data Rate

11a/OFDM 6 Mbps

3.4. 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 compatibility and Radio spectrum Matters
(ERM);Uncertainties in the measurement of mobile radio equipment characteristics;Part 2 “ and is
documented in the Shenzhen Tongzhou Testing Co.,Ltd quality system acc. to DIN EN ISO/IEC 17025.
Furthermore, component and process variability of devices similar to that tested may result in additional
deviation. The manufacturer has the sole responsibility of continued compliance of the device.

Hereafter the best measurement capability for Shenzhen Tongzhou Testing Co.,Ltd is reported:

Test Items Measurement Uncertainty Notes
Frequency error 5.2 ppm (1)
Transmitter power conducted 0.57 dB (1)
Transmitter power Radiated 4.30 dB (1)
Conducted spurious emission 1.60 dB (1)
Radiated spurious emission 4.30 dB (1)
Humidity 2.0% (1)
Temperature 03T (1)
Time 2.0% (1)

(1) This uncertainty represents an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=1.96.
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3.5. Equipments Used during the Test

Conducted Method

Item Test Equipment Manufacturer Model No. Serial No. Calibration Celllrstion Due
Date Date
1 MXA Signal Keysight N9020A MY52091623 2022112/28 | 2023/12/27
nalyzer
2 Signal Generator Keysight N5182A MY4620709 2022/12/28 2023/12/27
3 Signal Generator R&S SMLO03 102924/0013 2022/12/28 2023/12/27
4 Power Sensor Agilent U2021XA MY5365004 2022/12/28 2023/12/27
5 Power Meter Agilent U2531A TW53323507 2022/12/28 2023/12/27
6 Climate Chamber KRUOMR KRM-1000 KRM16072901 2022/12/28 2023/12/27
Wideband Radio
7 Communication R&S CMW500 101855 2022/12/28 2023/12/27
Tester
8 Test Software Tonscend JS1120-3 V2.5.77.0418 -- --
Radiated Method
Item Test Equipment Manufacturer Model No. Serial No. Cellbrziion Cellbrziion
Date Due Date
1 Wideband Antenna schwarzbeck VULB 9163 958 2022/11/13 2025/11/12
2 Horn Antenna schwarzbeck 51'32'33 01989 2022/11/13 2025/11/12
3 EMI Test Receiver R&S ESCI 100849/003 2022/12/28 2023/12/27
4 Controller MF MF7802 N/A N/A N/A
5 Amplifier schwarzbeck BBV 9743 209 2022/12/28 2023/12/27
P TSAMP-
6 Amplifier Tonscend 0518SE -- 2022/12/28 2023/12/27
7 RF Cable HUBER+SUHNER RG214 N/A 2022/12/28 2023/12/27
8 MXA Signal Keysight N9020A MY52091623 2022/12/28 | 2023/12/27
Analyzer
9 Horn Antenna ETS 3117 00218874 2022/11/13 2025/11/12
10 Wideband Antenna Sunol JB3 A020115 2022/7/3 2025/7/2
11 Test Software Tonscend JS36-RSE V1.0.2.0 -- --
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4. TEST CONDITIONS AND RESULTS

4.1. ETSI EN 301 893 REQUIREMENTS

4.1.1. Nominal Centre frequencies

LIMIT

ETSI EN 301 893 (V2.1.1) Sub-clause 4.2.1.3

The actual centre frequency for any given channel declared by the manufacturer shall be maintained within
the range f; = 20 ppm.

TEST CONFIGURATION

Spectrum

EUT

analyzer

TEST PROCEDURE

Please refer to ETSI EN 301 893 (V2.1.1) §5.4.2.2.1

Xl Equipment operating without modulation

This test method requires that the UUT can be operated in an unmodulated test mode.

The UUT shall be connected to a suitable frequency measuring device (e.g. a frequency counter or a
spectrum analyser) and operated in an unmodulated mode.

The result shall be recorded.

] Equipment operating with modulation

This method is an alternative to the above method in case the UUT cannot be operated in an un-modulated
mode.

The UUT shall be connected to spectrum analyser.

Max Hold shall be selected and the centre frequency adjusted to that of the UUT.

The peak value of the power envelope shall be measured and noted. The span shall be reduced and the
marker moved in a positive frequency increment until the upper, (relative to the centre frequency), -10 dBc
point is reached. This value shall be noted as f1.

The marker shall then be moved in a negative frequency increment until the lower, (relative to the centre
frequency), -10 dBc point is reached. This value shall be noted as f2.

The centre frequency is calculated as (f1 + 2) / 2.
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TEST RESULTS
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Low Channel fo =5180 MHz

Temperature Power Supplied Reading Tolerance Result Limit
(<) V) (MHz) (MHz) (ppm) (Ppm)

-10 DC19V 5180.014278 0.014277552 2.76 +20

25 DC19V 5179.979967 -0.020032646 -3.87 +20

40 DC19V 5179.979567 -0.020432997 -3.94 +20

Middle Channel fo =5200 MHz

Temperature Power Supplied Reading Tolerance Result Limit
(<) V) (MH2Z) (MHz) (PPm) (PPm)

-10 DC19V 5200.004469 0.004468605 0.86 +20

25 DC19V 5199.981339 -0.018660994 -3.59 +20

40 DC19V 5200.002022 0.002021852 0.39 +20

High Channel fo =5240 MHz

Temperature Power Supplied Reading Tolerance Result Limit
(<) ) (MHz) (MHz) (PPm) (PPm)

-10 DC19V 5240.014736 0.014736192 2.81 +20

25 DC19V 5240.005554 0.005553839 1.06 +20

40 DC19V 5240.017866 0.017866033 3.41 +20
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Low Channel fo =5190 MHz

Temperature Power Supplied Reading Tolerance Result Limit
(€) ) (MH2Z) (MH2Z) (Ppm) (Ppm)
-10 DC19V 5189.977858 -0.02214203 -4.27 +20
25 DC19V 5189.995518 -0.004481684 -0.86 +20
40 DC19V 5189.993197 -0.006803254 -1.31 +20

Low Channel fo =5230 MHz

Temperature Power Supplied Reading Tolerance Result Limit
(€) V) (MH2z) (MH2z) (ppm) (ppm)
-10 DC19V 5229.99945 -0.00055047 -0.11 +20
25 DC19V 5229.991843 -0.008157256 -1.56 +20
40 DC19V 5230.009426 0.009426311 1.80 +20
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4.1.2. Occupied Channel Bandwidth

LIMIT

ETSI EN 301 893 (V2.1.1) Sub-clause 4.2.2.2

The Nominal Channel Bandwidth for a single Operating Channel shall be 20 MHz.

Alternatively, equipment may implement a lower Nominal Channel Bandwidth with a minimum of 5 MHz,
providing they still comply with the Nominal Centre Frequencies defined in clause 4.2.1 (20 MHz raster).
The Occupied Channel Bandwidth shall be between 80 % and 100 % of the Nominal Channel Bandwidth. In
case of smart antenna systems (devices with multiple transmit chains) each of the transmit chains shall meet
this requirement.

The Occupied Channel Bandwidth might change with time/payload.

During a Channel Occupancy Time (COT), equipment may operate temporarily with an Occupied Channel
Bandwidth of less than 80 % of its Nominal Channel Bandwidth with a minimum of 2 MHz.

TEST PROCEDURE

According to ETSI EN 301 893 V2.1.1 (2017-05) clause 5.4.3.2.1, conducted method.

The test procedure shall be as follows:

Step 1:

Connect the UUT to the spectrum analyser and use the following settings:

- Centre Frequency: The centre frequency of the channel under test

- Resolution Bandwidth: 100 kHz

- Video Bandwidth: 300 kHz

- Frequency Span: 2 x Nominal Bandwidth (e.g. 40 MHz for a 20 MHz channel)

- Sweep time: > 1 s; for larger Nominal Bandwidths, the sweep time may be increased until

a value where the sweep time has no impact on the RMS value of the signal

- Detector Mode: RMS

- Trace Mode: Max Hold

Step 2:

* Wait for the trace to stabilize.

Step 3:

* Make sure that the power envelope is sufficiently above the noise floor of the analyser to avoid the noise
signals left and right from the power envelope being taken into account by this measurement.

* Use the 99 % bandwidth function of the spectrum analyser to measure the Occupied Channel Bandwidth of
the UUT. This value shall be recorded.

The measurement described in step 1 to step 3 above shall be repeated in case of simultaneous
transmissions in non-adjacent channels

TEST RESULTS
5150MHz-5250MHz

TestMode Antenna Channel OCB[MHZz] Limit{MHz] Verdict
11A Antl 5180 16.316 16 to 20 PASS
11N20SISO Antl 5180 17.448 16 to 20 PASS
11N40SISO Antl 5190 35.888 3210 40 PASS
11AC20SISO Antl 5180 17.436 16 to 20 PASS
11AC40SISO Antl 5190 35.847 32to0 40 PASS
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4.1.3. RF Output Power, Transmit Power Control (TPC) and Power Density

LIMIT

According to ETSI EN 301 893 vV2.1.1 (2017-05) clause 4.2.3.2
-Limits for RF output power and power density at the highest power level

TPC is not required for channels whose nominal bandwidth falls completely within the band 5 150 MHz to 5
250 MHz.

For devices with TPC, the RF output power and the Power Density when configured to operate at the highest
stated power level (PH) of the TPC range shall not exceed the levels given in table 2.
Devices are allowed to operate without TPC. See table 2 for the applicable limits that shall apply in this case.

Table 1: Mean e.i.r.p. limits for RF output power and power density at the highest power level
Table 2: Mean e.i.r.p. limits for RF output power and Power Density at the highest power level (Py)

Frequency Mean e.i.r.p. limit for Py Mean e.i.r.p. density limit
range {dBm) (dBmiMHz)
(MHz) with TPC without TPC with TPC without TPC
5150 to 5350 23 20/23 (see note 1) 10 710 (see note 2)
5470105725 30 (see note 3) 27 (see note 3) 17 (see note 3) 14 (see note 3)

NOTE 1: The applicable limit is 20 dBm, except for transmissions whose nominal bandwidth falls
completely within the band 5 150 MHz to 5 250 MHz, in which case the applicable limit is
23 dBm.

NOTE 2: The applicable limit is 7 dBm/MHz, except for transmissions whose nominal bandwidth falls
completely within the band 5 150 MHz to 5 250 MHz, in which case the applicable limit is
10 dBm/MHz.

NOTE 3: Slave devices without a Radar Interference Detection function shall comply with the limits for the
frequency range 5 250 MHz to 5 350 MHz.

According to ETSI EN 301 893 vV2.1.1 (2017-05) clause 4.2.3.2.3

-Limit for RF output power at the lowest power level of the TPC range

For devices using TPC, the RF Output Power during a transmission burst when configured to operate at the
lowest stated power level (PL) of the TPC range shall not exceed the levels given in table 3. For devices
without TPC, the limits in table 3 do not apply.

Table 3: Mean e.i.r.p. limits for RF Output Power
at the lowest power level of the TPC range

Frequency range Mean e.i.r.p. (dBm) limit for P
5250 MHz to 5 350 MHz 17
5470 MHz to 5 725 MHz 24 (see note)

NOTE: Slave devices without a Radar Interference Detection function
shall comply with the limits for the band 5 250 MHz to 5 350 MHz.

TEST PROCEDURE

Please refer to ETSI EN 301 893 (V2.1.1) Sub-clause 5.3.4

TEST RESULTS
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Report No.: TZ230604429-WLAN2

Power
Test Condition TestMode Antenna | Channel TPC ? dogvne]]r [EIBR% [Iagnn':] Verdict
11A Antl 5180 NA 15.49 16.82 23 PASS
11N20SISO Antl 5180 NA 15.13 16.46 23 PASS
NTNV 11N40SISO Antl 5190 NA 15.45 16.78 23 PASS
11AC20SISO Antl 5180 NA 14.60 15.93 23 PASS
11AC40SISO Antl 5190 NA 11.79 13.12 23 PASS
11A Antl 5180 NA 15.53 16.86 23 PASS
11N20SISO Antl 5180 NA 14.65 15.98 23 PASS
LTNV 11N40SISO Antl 5190 NA 14.81 16.14 23 PASS
11AC20SISO Antl 5180 NA 14.83 16.16 23 PASS
11AC40SISO Antl 5190 NA 12.60 13.93 23 PASS
11A Antl 5180 NA 15.43 16.76 23 PASS
11N20SISO Antl 5180 NA 14.62 15.95 23 PASS
HTNV 11N40SISO Antl 5190 NA 14.98 16.31 23 PASS
11AC20SISO Antl 5180 NA 14.72 16.05 23 PASS
11AC40SISO Antl 5190 NA 12.49 13.82 23 PASS
Power Density:
5150MHz-5250MHz
TestMode Antenna Channel [ dBrE/Ii/IHz] [ dBIan?I\Iin] [ dBIr_rI1r/nl\;ItHz] Verdict
11A Antl 5180 2.09 3.79 10 PASS
11N20SISO Antl 5180 0.74 3.56 10 PASS
11AC20SISO Antl 5180 1.05 3.39 10 PASS
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Report No.: TZ230604429-WLAN2

4.1.4. Transmitter Unwanted Emissions QOutside the 5 GHz RLAN Bands

LIMIT

ETSI EN 301 893 (V2.1.1) Sub-clause 4.5.1.2
The level of unwanted emission shall not exceed the limits given in table 3.

Transmitter unwanted emission limits outside the 5 GHz RLAN bands

TEST CONFIGURATION

EUT

Frequency range Maximum power Bandwidth

30 MHz to 47 MHz -36 dBm 100 kHz
47 MHz to 74 MHz -54 dBm 100 kHz
74 MHz to 87,5 MHz -36 dBm 100 kHz
87,5 MHz to 118 MHz -54 dBm 100 kHz
118 MHz to 174 MHz -36 dBm 100 kHz
174 MHz to 230 MHz -54 dBm 100 kHz
230 MHz to 470 MHz -36 dBm 100 kHz
470 MHz to 862 MHz -54 dBm 100 kHz
862 MHz to 1 GHz -36 dBm 100 kHz
1GHzto 5,15 GHz -30 dBm 1 MHz
5,35 GHz to 5,47 GHz -30 dBm 1 MHz
5,725 GHz to 26 GHz -30 dBm 1 MHz

SPECTRUM

ANALYZER

TEST PROCEDURE

According to ETSI EN 301 893 V2.1.1 (2017-05) clause5.4.5.2.1 Conducted measurement

TESTRESULTS

Remark: We test all modulation type, and recorded the worst case at 802.11a modefor wifi test.
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Fre. (MHz) ANT. Pol. I(_‘;eBsrl:]l)t (Iaig:]iqt) I\/I(erg;n Conclusion
Below 1GHz:
604.47 \% -60.68 -54 6.68 PASS
609.07 H -61.76 -54 7.76 PASS
Above 1GHz:

Test Mode: Low Channel

10355.5 H -43.67 -30 13.67 PASS
10360.7 \Y% -44.55 -30 14.55 PASS
15541.8 H -45.61 -30 15.61 PASS
15535.7 \Y% -45.88 -30 15.88 PASS
20721.6 H -49.66 -30 19.66 PASS
20724.2 \Y -47.65 -30 17.65 PASS
Test Mode: High Channel

10479.9 H -42.85 -30 12.85 PASS
10475.6 \% -42.64 -30 12.64 PASS

15720 H -42.93 -30 12.93 PASS
15716.9 \Y -43.70 -30 13.70 PASS
20961.3 H -44.53 -30 14.53 PASS
20959.1 \Y -46.10 -30 16.10 PASS

Note:
1. Cable loss and antenna gain was combined in the calculated result.
2. No record for margin above 20dB.
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4.1.5. Transmitter Unwanted Emissions Within the 5 GHz RLAN Bands

LIMIT

According to ETSI EN 301 893 V2.1.1 (2017-05) clause 4.2.4.2.2
Relative Level (dB)

A
0 dB = Reference Level
-20dB
-28dB
s2a8, 048
47 dB )
« v/a /a /e /a >
108xN  -9xN  -15xN N /\ 0 /'\ N 15xN  9xN  108xN
055xN -05xN  05xN  055xN Frequency offset (MHz)

N = Nominal Channel Bandwidth [MHz]
NOTE: dBc is the spectral density relative to the maximum spectral power density of the transmitted signal.

TEST PROCEDURE

According to ETSI EN 301 893 V2.1.1 (2017-05) § 5.3.6.2.1 Conducted measurement

Step 1: Determination of the reference average power level.

Spectrum analyser settings:

- Resolution bandwidth: 1 MHz

- Video bandwidth: 30 kHz

- Detector mode: RMS

- Trace mode: Max Hold

- Sweep Time: 60000ms

- Centre Frequency: Centre frequency of the channel being tested

- Span: 2 x Nominal Channel Bandwidth

Use the marker to find the highest average power level of the power envelope of the UUT. This level shall be
used as the reference level for the relative measurements.

Step 2: Determination of the relative average power levels.

Adjust the frequency range of the spectrum analyser to allow the measurement to be performed within the
sub-bands 5 150 MHz to 5 350 MHz and 5 470 MHz to 5 725 MHz. No other parameter of the spectrum
analyser should be changed.

Compare the relative power envelope of the UUT with the limits defined in clause 4.2.4.2.2.

TEST RESULTS
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Agilent Spectrum Analyzer - Swept SA

£:PULSE;

Report No.: TZ230604429-WLAN2
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Agilent Spectrum Analyzer - Swept SA

£:PULSE;

Report No.: TZ230604429-WLAN2
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Agilent Spectrum Analyzer - Swept SA
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4.1.6. Receiver Spurious Emissions

LIMIT

ETSI EN 301 893 (V2.1.1) Sub-clause 4.6.2
The spurious emissions of the receiver shall not exceed the limits given in table 4.

Table 4: Spurious radiated emission limits

Report No.: TZ230604429-WLAN2

Frequency range

Maximum power

Measurement bandwidth

30 MHz to 1 GHz

-57 dBm

100 kHz

1 GHz to 26 GHz

-47 dBm

1 MHz

TEST PROCEDURE

Please refer to ETSI EN 301 893 (V2.1.1) Sub-clause 5.4.6

TESTRESULTS

Remark: We test all modulation type, and recorded the worst case at 802.11a mode for wifi test.

Fre. (MHz) ANT. Pol. Igf;#}'; (Iag]nl:) Mar'_%m Conclusion
Below 1GHz:
34.45 Vv -66.16 -57 9.16 PASS
806.38 H -64.44 -57 7.44 PASS
Above 1GHz:
Test Mode: Lowest frequency
5341.38 H -55.53 -47 8.53 PASS
5341.38 Y -55.10 -47 8.10 PASS
12826.19 H -55.39 -47 8.39 PASS
12826.19 Y -56.68 -47 9.68 PASS
Test Mode: Highest frequency
5229.36 H -56.37 -47 9.37 PASS
5229.36 Y -55.81 -47 8.81 PASS
15355.09 H -55.95 -47 8.95 PASS
15355.09 Y -58.96 -47 11.96 PASS
Note:
1. Cable loss and antenna gain was combined in the calculated result.
2. No record for margin above 20dB.
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4.1.7. Adaptivity (Channel Access Mechanism)

LIMIT
ETSI EN 301 893 (V2.1.1) Sub-clause 4.9.2
Adaptivity Limit
Frame Based Equipment:
1 Minimum Clear Channel Assessment (CCA) time = 20 us;
2 CCA observation time declared by the supplier;
3 COT =1~10 ms;
4 Idle Period = 5% of COT;
5TL =-73 dBm/MHz + 23 - PH (assuming a 0 dBi receive antenna and
PH specified in dBm e.i.r.p.);
Load Based Equipment:
1 Minimum Clear Channel Assessment (CCA) time = 20 us;
2 CCA declared by the manufacturer;
3 COT < 6ms;
4 R = number of clear idle slots are randomly [1~q]. Every time an Extended CCA
is required and the ‘R’ value stored in a counter;
5TL =-73 dBm/MHz + 23 - PH (assuming a 0 dBi receive antenna and
PH specified in dBm e.i.r.p.);
Short Control Signalling Transmissions:
Short Control Signalling Transmissions shall have a maximum duty cycle of 10%
within an observation period of 50ms.

TEST BLOCK DIAGRAM

Spectrum
’ Analyzer
uuT Splitter/ Companion
1 Combiner Direct. Coupler Device
T
A
Signal
Generator
(Interferer)
Splitter
Combiner
’ Signal
Generator
(Blocker)

TEST PROCEDURE

Please refer to ETSI EN 301 893 (V2.1.1) Sub-clause 5.3.9

Step 1:

* The UUT may connect to a companion device during the test. The signal generator, spectrum analyser, UUT
and the companion device are connected using a Set-up equivalent to the example given by figure 13
although the signal generator does not generate any signals at this point in time. The spectrum analyser is
used to monitor the transmissions of the UUT in response to the interference signal.

* The received signal level (wanted signal from the companion device) at the UUT shall be sufficient to
maintain a reliable link for the duration of the test.

* The analyser shall be set as follows:

- RBW: = Occupied Channel Bandwidth (if the analyser does not support this setting, the highest available
setting shall be used)

- VBW: 3 x RBW (if the analyser does not support this setting, the highest available setting shall be used)
- Detector Mode: RMS

- Centre Frequency: Equal to the centre frequency of the operating channel

- Span: 0 Hz

- Sweep time: > Channel Occupancy Time

- Trace Mode: Clear/Write
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- Trigger Mode: Video or External

Step 2:

« Configure the UUT for normal transmissions with a sufficiently high payload (transmitter activity

ratio > 30 %) to allow demonstration of compliance of the adaptive mechanism on the channel being tested.
* For Frame Based Equipment, using the procedure defined in clause 5.3.9.2.2, it shall be verified that the
UUT complies with the maximum Channel Occupancy Time and the minimum Idle Period defined in clause
49.2.1.

* For Load Based equipment, using the procedure defined in clause 5.3.9.2.2, it shall be verified that the UUT
complies with the maximum Channel Occupancy Time defined in clause 4.9.2.2. It shall also be verified (if
necessary by repeating the test) that the measured Idle Period varies between CCA and g x CCA as defined
in clause 4.9.2.2.

NOTE 1: For IEEE 802.11 [9] equipment (see first paragraph of clause 4.9.2.2) the Idle Period and the
maximum Channel Occupancy Time are as defined for other types of Load Based Equipment (see clause
4.9.2.2 points 2 and 3). The CCA observation time is declared by the manufacturer (see clause 5.3.1.9)).

Step 3: Adding the interference signal.

* A 100 % duty cycle interference signal is injected on the current operating channel of the UUT. This
interference signal shall be a band limited noise signal which has a flat power density (maximum ripple

+1,5 dB), and shall have a bandwidth of at least 10 MHz. The total power level of this interference signal shall
be equal to the power density value defined in clause 4.9.2.1 point 5 or clause 4.9.2.2 point 5, multiplied by
the Occupied Channel Bandwidth of the UUT.

Step 4: Verification of reaction to the interference signal.

» The spectrum analyser shall be used to monitor the transmissions of the UUT on the selected operating
channel after the interference signal was injected. This may require the spectrum analyser sweep to be
triggered by the start of the interfering signal.

* Using the procedure defined in clause 5.3.9.2.2, it shall be verified that:

i) The UUT stops transmissions on the current operating channel.

NOTE 2: The UUT is assumed to stop transmissions within a period equal to the maximum Channel
Occupancy Time defined in clause 4.9.2.1 for Frame Based Equipment or clause 4.9.2.2 for Load Based
Equipment. The UUT is allowed to have Short Control Signalling Transmissions on the current operating
channel (see ii) and iii).

NOTE 3: For equipment having simultaneous transmissions on multiple (adjacent or non-adjacent) operating
channels, the equipment is allowed to continue transmissions on other Operating Channels.

i) Apart from Short Control Signalling Transmissions there shall be no subsequent transmissions while the
interfering signal is present.

iif) The Short Control Signalling Transmissions shall comply with the limits defined in clause 4.9.2.3.

NOTE 4: The verification of the Short Control Signalling transmissions may require the analyser settings to be
changed (e.g. sweep time).

NOTE 5: On removal of the interference signal the UUT may start transmissions again on this channel
however this is not a requirement and therefore does not require testing.

Step 5:
» The steps 2 to 4 shall be repeated for each of the channels to be tested.

TEST RESULTS

Min.
Test Test .. Max. . .. Idle
Cond I\-/Irggé Chan | Ant Pé:gg;y Nig{n] COT %r'rrg]t 'Illdn?:e I[‘r'nrr;']t Period | Verdict
ition nel [ms] probability
[ms]
TNVN | 11A | 5180 |Ant1| 2 871 | 1.183| <=6 | 0.036 | >0.027 Se;;fSt PASS
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Adaptivity Max.COT_TNVN_11A 5180 Antl

Maximum Channel Occupancy Time

e InterieirerOH
200 20 o 5m 80 7m0
Time [ms] H
Adaptivity_Min.ldleTime_TNVN_11A 5180_Antl
Minimum Idle Period
£

" e Interferer OFf

T U i
1z 13.00 14.00
Time [ms]

Adaptivity Idle Period probability TNVN_11A 5180 Antl

1204

Idle Period Probability




Page 37 of 41 Report No.: TZ230604429-WLAN2

TEST PLOT
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4.1.8. Receiver Blocking

LIMIT

According to ETSI EN 301 893 V2.1.1 (2017-05) 84.2.8.4
While maintaining the minimum performance criteria as defined in clause 4.2.8.3, the blocking levels at
specified frequency offsets shall be equal to or greater than the limits defined in table 9.

Table 9: Receiver Blocking parameters

Report No.: TZ230604429-WLAN2

Wanted signal Blocking signal Blocking signal power (dBm) Type of
mean power frequency (see note 2) blocking
from companion (MHz) Master or Slave Slave without signal
device with radar radar detection
(dBm) detection (see table D.2,
(see table D.2, note 2)
note 2)
Pmin + 6 dB 5100 -53 -59 Continuous
Wave
4900 .
Pmin + 6 dB 5000 -47 -53 C°G\f,'”“°”5
5975 ave
NOTE 1: P, is the minimum level of the wanted signal (in dBm) required to meet the minimum
performance criteria as defined clause 4.2.8.3 in the absence of any blocking signal.
NOTE 2: The levels specified are levels in front of the UUT antenna. In case of conducted
measurements, the same levels should be used at the antenna connector irrespective
of antenna gain.

The minimum performance criterion shall be a PER of less than or equal to 10 %. The manufacturer may
declare alternative performance criteria as long as that is appropriate for the intended use of the equipment
(see clause 5.4.1,item t)).

TEST CONFIGURATION

Variable attenuator Performance
Step size < 1dB Monitoring
Device
Signalling Unit C
i or i
.| Companien | o ! ]
4 Device  je—» ATl ja—>»] ' | Direct. Coupler | |
/o | St e @0 T L [ AT > WUT
e = Emmmr -'" —_— s
Shielding or - f L
Shielded Room i
_ b
Blocking
Signal Spectrum
Generator Analyzer
. Optional

MEASUREMENT DESCRIPTION

According to ETSI EN 301 893 V2.1.1 (2017-05) 85.4.10.2.1, Conducted measurements
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Record 802.11a. 6mbps for this test item

802.11a 5180MHz

Report No.: TZ230604429-WLAN2

Wanted signal mean Blocking signal Blc_)cking PER Limit
power for.m Companion frequency(MHz) signal (%) (%) Result
device(dBm) power(dBm)
-81 5100 -59 0.20 10 Pass
-81 4900 -53 1.04 10 Pass
-81 5000 -53 0.29 10 Pass
-81 5975 -53 1.08 10 Pass
Pmin = -87 dBm
802.11a 5240MHz
Wanted signal mean Blocking signal quckmg PER Limit
power for.m Companion frequency(MHz) signal (%) (%) Result
device(dBm) power(dBm)
-81 5100 -59 0.70 10 Pass
-81 4900 -53 1.42 10 Pass
-81 5000 -53 0.47 10 Pass
-81 5975 -53 0.71 10 Pass

Pmin = -87 dBm
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5. Test Setup Photos of the EUT
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6. External and Internal Photos of the EUT
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TEST REPORT

Test Report No. : T7230604429-WLAN3 ZDO:tz/zzifsue
Equipment under Test : Wanbo Projector
Model /Type . WPB21
Listed Models . New T2,New T2 Max,T2 Max,T2 Max New,WPB2*(“*"=0-9 or A-Z or

any character or blank)

Applicant . Shenzhen wanbo Technology Co., Ltd.

Address . 4th Floor, Building 1, Chuangjian Phase 2 Industrial Park, Yingrenshi
Community, Shiyan Street, Baoan District, Shenzhen, China

Manufacturer . Shenzhen wanbo Technology Co., Ltd.

Address - 4th Floor, Building 1, Chuangjian Phase 2 Industrial Park, Yingrenshi
Community, Shiyan Street, Baoan District, Shenzhen, China

Test Result: PASS

The test report merely corresponds to the test sample.
It is not permitted to copy extracts of these test result without the written permission of the test
laboratory.
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** Modifited History **

Revision Description Issued Data Remark

Revision 1.0 Initial Test Report Release 2023/7/25 Andy Zhang
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1 TEST STANDARDS

The tests were performed according to following standards:

ETSI EN 300 440 V2.2.1 (2018-07)
Short Range Devices (SRD); Radio equipment to be used in the 1 GHz to 40 GHz frequency range;
Harmonised Standard covering the essential requirements of article 3.2 of Directive 2016/53/EU



http://www.etsi.org/deliver/etsi_en/300400_300499/300440/02.01.01_30/en_300440v020101v.pdf
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2 SUMMARY
2.1 General Remarks

Date of receipt of test sample : 12023/6/15
Testing commenced on . 12023/6/15
Testing concluded on . 12023/7/25

2.2 Product Description

The Shenzhen wanbo Technology Co., Ltd.’s Model: WPB21 or 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 Wanbo Projector
Model(s) Number WPB21
List Models New T2,New T2 Max,T2 Max,T2 Max New,WPB2*(“*"=0-9 or A-Z or any
character or blank)
Difference descrption All the same except for the model name and Color of appearance
Hardware version WB_T2 V1.0
Software version V1.0
Antenna Type Integral
Wireless . . .
Type Working Frequency Modulation Type Version
EDR: GFSK,8DPSK,m/4DQPSK
Bluetooth 2402MHz-2480MHz BLE: GESK 5.0
IEEE 802.11b:
DSSS(CCK,DQPSK,DBPSK)
IEEE 802.11g:
IEEE 802.11b:2412-2472MHz OFDM(64QAM, 16QAM, QPSK,
WLAN(2.4G) IEEE 802.119:2412-2472MHz BPSK) /

|EEE 802.11n HT20:2412-2472MHz | IEEE 802.11n HT20:

IEEE 802.11n HT40: 2422-2462MHz | OFDM (64QAM, 16QAM,
QPSK,BPSK)

IEEE 802.11n HT40: OFDM
(64QAM, 16QAM, QPSK,BPSK)

IEEE 802.11n :OFDM (64QAM,
16QAM, QPSK,BPSK)

IEEE 802.11a:0FDM (64QAM,
16QAM, QPSK,BPSK) /
|EEE 802.11ac: OFDM
(256QAM, 64QAM, 16QAM,
QPSK, BPSK)

5180MHz to 5320MHz

WLANGG) | 5745MHz to 5825MHz
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2.3 Equipment Under Test
Power supply system utilised

Power supply voltage ;| O] 120V /60 Hz O 115V / 60Hz

0|12V DC 0|24V DC

@ | Other (specified in blank below)

DC 19V by adpater

2.4 Short description of the Equipment under Test (EUT)
Wanbo Projector (M/N: WPB21)

For more details, refer to the user’'s manual of the EUT.

2.5 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.

2.6 EUT configuration

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

@® - supplied by the manufacturer

O - supplied by the lab

O| Computer Manufacture : ASUS
Model No.: X454L

O| AOC Monitor Manufacture : FuJianJieLian
Model No.: 280LM00003

2.7 Internal Identification of EUT used during the test

SN or . . . Type of
*
EUT ID IMEI HW Version SW Version Date of receipt Test
TZ7230604429-1# N/A WB T2 V1.0 V1.0 2023/6/15 Radio
TZ7230604429-2# N/A WB T2 V1.0 V1.0 2023/6/15 EMC

2.8 Modifications

No modifications were implemented to meet testing criteria.
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2.9 NOTE
Function Test Standards Reference Report
ETSI EN 301 489-1 V2.2.3 (2019-11)
ETSI EN 301 489-3 V2.1.1 (2019-03)
ETSI EN 301 489-17 VV3.2.4 (2020-09)
EMC EN55032:2015+A11:2020 TZ230604429-RE
EN55035:2017+A11:2020
EN IEC 61000-3-2:2019
EN61000-3-3:2013+A1:2019
Bluetooth ETSI EN 300 328 V2.2.2 (2019-07 TZ230604429-EDR
BDR+EDR 2.2 (2019-07) -
BLE ETSI EN 300 328 V2.2.2 (2019-07) TZ230604429-BLE
ETSI EN 300 328 V2.2.2 (2019-07) TZ230604429-WLAN1
WLAN ETSI EN 301 893 V2.1.1 (2017-05) TZ230604429-WLAN2
ETSI EN 300 440 V2.2.1 (2018-07) TZ230604429-WLAN3
EN62311:2008
EMF ENEO665.201s TZ230604429-EMF
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3 TEST ENVIRONMENT

3.1 Address of the test laboratory

Shenzhen Tongzhou Testing Co.,Ltd
1th Floor, Building 1, Haomai High-tech Park, Huating Road 387, Dalang Street, Longhua, Shenzhen,
China
The sites are constructed in conformance with the requirements of ANSI C63.7, ANSI C63.4 (2014)
and CISPR Publication 22.

3.2 Environmental conditions

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

Normal Temperature: 25 °C
High Temperature: 40°C
Low Temperature: -10°C
Normal Voltage: DC 19V
High Voltage/HV: DC 21.9V
Low Voltage/LV: DC 17.1V
Relative Humidity: 55 %

Air Pressure: 989 hPa
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3.3 Test Description

Page 10 of 29

Report No.: TZ230604429-WLAN3

ETSI EN 300 440 requirements

Test Items | standard | Verdict
Transmitter requirements
Equivalent isotropically radiated power (e.i.r.p.) ETSI EN 300 Aﬁgu\éi'ié (22018'07)) Sub- PASS
Permitted range of operating frequencies ETSI EN 300 Aﬁgu\éi'ié 22018'07)) Sub- PASS
Unwanted emissions in the spurious domain ETSIEN 300 4(32u\gi'ié (42018'07)) Sub- PASS
Duty cycle ETSI EN 300 4§2u\;§.ié'(52018-07)) Sub- PASS
Additional requirements for FHSS equipment ETSIEN 300 4(32u\gi'ié %2018'07)) Sub- PASS
Receiver requirements
Adjacent channel selectivity ETSIEN 300 4(328@'2‘% (32018'07)) Sub- PASS
Blocking or desensitization ETSIEN 300 4§gu\éi'ié 22018'07)) Sub- PASS
Spurious emissions ETSI EN 300 43;)“\;@2; 532018-07)) Sub- PASS
Spectrum access techniques
Listen Before Talk (LBT) ETSI EN 300 4(:Aigu\;i.i.}1 (22018'07)) Sub- PASS
Detect And Avoid techniques (DAA) ETSI EN 300 4§gu\£'i'i (32018'07)) Sub- PASS
Adaptive Frequency Agility (AFA) ETSI EN 300 4§gu\éi'i'i 22018'07)) Sub- PASS
2,45 GHz RFID systems
Effective radiated power ETSI EN 300 41?61\:;2415(2018'07)) Sub- N/A
GBSAR systems
Effective radiated power ETSI EN 300 4(3;)“\22%% (12018'07)) Sub- N/A
Permitted range of operating frequencies ETSIEN 300 4(3;)“\22'2‘% (22018'07)) Sub- N/A
DAA threshold ETSI EN 300 440 Vv2.2.1 (2018-07)) Sub- N/A
clause 4.6.3
Antenna pattern ETSI EN 300 440 Vv2.2.1 (2018-07)) Sub- N/A
clause 4.6.4

Remark: The measurement uncertainty is not included in the test result.
Note 1. EUT employ 802.11 technical, so it considers to compliant with spectrum accesss techniques.
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3.4 Statement of the measurement uncertainty
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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 compatibility and Radio spectrum Matters
(ERM);Uncertainties in the measurement of mobile radio equipment characteristics;Part 2
documented in the Shenzhen Tongzhou Testing Co.,Ltd quality system acc. to DIN EN ISO/IEC 17025.
Furthermore, component and process variability of devices similar to that tested may result in additional
deviation. The manufacturer has the sole responsibility of continued compliance of the device.

Hereafter the best measurement capability for Shenzhen Tongzhou Testing Co.,Ltd is reported:

Test Items Measurement Uncertainty Notes
Frequency error 25 Hz (1)
Frequency range 25 Hz (1)
Transmitter power conducted 0.57 dB (1)
Transmitter power Radiated 2.20dB (1)
Adjacent and alternate channel power Conducted 1.20dB (1)
Conducted spurious emission 1.60 dB (1)
Radiated spurious emission 2.20dB (1)
Intermodulation attenuation 1.00 dB (1)
Maximum useable receiver sensitivity 2.80dB (1)
Co-channel rejection 2.80dB (1)
Adjacent channel selectivity 2.80dB (1)
Spurious response rejection 2.80 dB (1)
Intermodulation response rejection 2.80dB (1)
Blcking or desensitization 2.80dB (1)

(1) This uncertainty represents an expanded uncertainty expressed at approximately the 95%

confidence level using a coverage factor of k=1.96.
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3.5 Equipments Used during the Test
Conducted Method
Item Test Equipment Manufacturer Model No. Serial No. Cellriion CallErEiien b
Date Date
1 MXA Signal Keysight N9020A MY52091623 2022/12/28 2023/12/27
Analyzer
2 Signal Generator Keysight N5182A MY4620709 2022/12/28 2023/12/27
3 Signal Generator R&S SMLO03 102924/0013 2022/12/28 2023/12/27
4 Power Sensor Agilent U2021XA MY5365004 2022/12/28 2023/12/27
5 Power Meter Agilent U2531A TW53323507 2022/12/28 2023/12/27
6 Climate Chamber KRUOMR KRM-1000 KRM16072901 2022/12/28 2023/12/27
Wideband Radio
7 Communication R&S CMWS500 101855 2022/12/28 2023/12/27
Tester
8 Test Software Tonscend JS1120-3 V2.5.77.0418 -- --
Radiated Method
Item Test Equipment Manufacturer Model No. Serial No. CallniEion CellrEiran
Date Due Date
1 Wideband Antenna schwarzbeck VULB 9163 958 2022/11/13 2025/11/12
2 Horn Antenna schwarzbeck 5182%'3 01989 2022/11/13 2025/11/12
3 EMI Test Receiver R&S ESCI 100849/003 2022/12/28 2023/12/27
4 Controller MF MF7802 N/A N/A N/A
5 Amplifier schwarzbeck BBV 9743 209 2022/12/28 2023/12/27
" TSAMP-
6 Amplifier Tonscend 0518SE -- 2022/12/28 2023/12/27
7 RF Cable AUBERISUANE | Re214 N/A 2022/12/28 2023/12/27
8 MXA Signal Keysight N9020A MY52091623 2022/12/28 2023/12/27
Analyzer
9 Horn Antenna ETS 3117 00218874 2022/11/13 2025/11/12
10 Wideband Antenna Sunol JB3 A020115 2022/7/3 2025/7/2
11 Test Software Tonscend JS36-RSE V1.0.2.0 -- --
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4 TEST CONDITIONS AND RESULTS

4.1 Transmitter Requirements

4.1.1 Effective Radiated Power (radiated measurement)

APPLICABILITY

The equivalent isotropically radiated power requirement shall apply to all transmitters.

LIMIT

Report No.: TZ230604429-WLAN3

The transmitter maximum e.i.r.p. under normal and extreme test conditions is provided in table 2.

Table 2: Maximum radiated peak power (e.i.r.p.)

Frequency Bands Power Application Notes
2 400 MHz to 2 483,5 MHz 10 mW e.i.r.p. Non-specific short range devices
2 400 MHz to 2 483,5 MHz 25 mW e.i.r.p. Radio determination devices
(a) 2446 MHz to 2 454 MHz 500 mW e.i.r.p. |Radio Frequency ldentification See also table 4
(RFID) devices and annex D
(b) 2 446 MHz to 2 454 MHz 4 W e.rp. Radio Frequency Identification See also table 4
(RFID) devices and annex D
5725 MHz to 5 875 MHz 25 mW e.i.r.p. Non-specific short range devices
9 200 MHz to 9 500 MHz 25 mW e.i.r.p. Radio determination devices
9 500 MHz to 9 975 MHz 25 mW e.i.r.p. Radio determination devices
10,5 GHz to 10,6 GHz 500 mW e.i.r.p. |Radio determination devices
13,4 GHz to 14,0 GHz 25 mW e.i.r.p. Radio determination devices
17,1 GHz to 17,3 GHz 400 mW e.i.rp. |Radio determination devices See annex F
24,00 GHz to 24,25 GHz 100 mW e.i.r.p. |Non-specific short range devices
and
Radio determination devices
TEST CONFIGURATION
Transmitter
under Power Power
test attenuator meter

TEST PROCEDURE

[]4.2.2.3.1 Non spread spectrum transmitters with a -6 dB bandwidth of up to 20 MHz and
spread spectrum transmitters with channel bandwidth of up to 1 MHz

X 4.2.2.3.2 Transmitters other than those defined in clause 4.2.2.3.1

TEST RESULTS

Pass
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802.11a 802.11n HT40
Test EIRP EIRP Limit Test EIRP EIRP Limit
Condition (dBm) (mW) (MmW) Condition (dBm) (mw) (mw)
NTC 13.02 20.06 25 NTC 12.72 18.72 25
HTLV 13.30 21.39 25 HTLV 12.96 19.76 25
HTHV 13.41 21.94 25 HTHV 12.58 18.11 25
LTLV 13.48 22.30 25 LTLV 12.87 19.35 25
LTHV 13.03 20.09 25 LTHV 12.69 18.59 25
802.11n HT20 802.11ac VHT40
Test EIRP EIRP Limit Test EIRP EIRP Limit
Condition (dBm) (mW) (mW) Condition (dBm) (mw) (mw)
NTC 12.65 18.41 25 NTC 11.53 14.23 25
HTLV 12.58 18.10 25 HTLV 11.66 14.67 25
HTHV 12.87 19.35 25 HTHV 11.61 14.49 25
LTLV 12.59 18.17 25 LTLV 11.71 14.83 25
LTHV 12.98 19.85 25 LTHV 11.81 15.16 25
802.11ac VHT20
Test EIRP EIRP Limit
Condition (dBm) (mW) (mw)
NTC 11.57 14.36 25
HTLV 11.77 15.02 25
HTHV 11.57 14.36 25
LTLV 11.60 14.45 25
LTHV 11.57 14.35 25




[ ]
/ Page 15 of 29

4.1.2 Permitted range of operating frequencies

Report No.: TZ230604429-WLAN3

APPLICABILITY

The Permitted range of operating frequencies shall apply to all transmitters.
LIMIT

According to ETSI EN 300 440 vV2.2.1 (2018-07) 4.2.3.5

The width of the power spectrum envelope is fH -fL for a given operating frequency. In equipment that allows
adjustment or selection of different operating frequencies, the power envelope takes up different positions in
the allowed band. The frequency range is determined by the lowest value of fL and the highest value of fH
resulting from the adjustment of the equipment to the lowest and highest operating frequencies.

The occupied bandwidth (i.e. the bandwidth in which 99 % of the wanted emission is contained) of the
transmitter shall fall within the assigned frequency band.

For all equipment the frequency range shall lie within the frequency band given by clause 4.2.2.4, table 2. For
non-harmonized frequency bands the available frequency range may differ between national administrations.

Table 2: Maximum radiated peak power (e.i.r.p.)

Frequency Bands Power Application Notes
2 400 MHz to 2 483,5 MHz 10 mW e.i.r.p. Non-specific short range devices
2 400 MHz to 2 483,5 MHz 25 mW e.i.r.p. Radio determination devices
(a) 2446 MHz to 2 454 MHz 500 mW e.i.r.p. |Radio Frequency ldentification See also table 4
(RFID) devices and annex D
(b) 2 446 MHz to 2 454 MHz 4 W e.rp. Radio Frequency Identification See also table 4
(RFID) devices and annex D
5725 MHz to 5 875 MHz 25 mW e.i.r.p. Non-specific short range devices
9 200 MHz to 9 500 MHz 25 mW e.i.r.p. Radio determination devices
9 500 MHz to 9 975 MHz 25 mW e.i.r.p. Radio determination devices
10,5 GHz to 10,6 GHz 500 mW e.i.r.p. |Radio determination devices
13,4 GHz to 14,0 GH=z 25 mW e.ir.p. Radio determination devices
17,1 GHz to 17,3 GHz 400 mW e.i.rp. |Radio determination devices See annex F
24,00 GHz to 24,25 GHz 100 mW e.i.r.p. |Non-specific short range devices
and
Radio determination devices
TEST CONFIGURATION
- ] Spectrum
ranscrimtter =~ A ~_| analyser or
under — = ttenuator [ — selective
test voltmeter

ELY

TEST PROCEDURE

[]4.2.2.3.1 Non spread spectrum transmitters with a -6 dB bandwidth of up to 20 MHz and
spread spectrum transmitters with channel bandwidth of up to 1 MHz

X 4.2.2.3.2 Transmitters other than those defined in clause 4.2.2.3.1
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RESULTS
802.11a
Test Lower | Highest Limit
Condion | (MHz) | (MHz) | (MHz) | eou!
NTC 2401.3 | 2404.55 | (5725,5875) | Pass
HTLV 2401.31 | 2404.52 | (5725,5876) | Pass
HTHV 2401.26 | 2404.55 | (5725,5877) | Pass
LTLV 2401.33 | 2404.54 | (5725,5878) | Pass
LTHV 2401.29 | 2404.59 | (5725,5879) | Pass
802.11n HT20
Tegt_ EIRP EIRP Limit Result
Condition | (dBm) (mW) (MHz)
NTC 5735.47 | 5815.76 | (5725,5875) | Pass
HTLV | 5735.42 | 5815.78 | (5725,5876) | Pass
HTHV 5735.50 | 5815.74 | (5725,5877) | Pass
LTLV | 5735.48 | 5815.78 | (5725,5878) | Pass
LTHV | 5735.46 | 5815.81 | (5725,5879) | Pass
802.11ac VHT20

Test EIRP EIRP Limit
Condition e

(dBm) (mW) (MHz)
NTC 5735.87 | 5815.96 | (5725,5875) | Pass
HTLV 5735.91 | 5815.92 | (5725,5876) | Pass
HTHV | 5735.84 | 5815.95 | (5725,5877) | Pass
LTLV 5735.90 | 5815.92 | (5725,5878) | Pass
LTHV | 5735.92 | 5815.98 | (5725,5879) | Pass

Report No.: TZ230604429-WLAN3

802.11n HT40

Test EIRP | EIRP Limit

Condition | (dBm) | (mWw) (MHz) Result
NTC 2478.31 | 2481.86 | (5725,5875) | Pass
HTLV 2478.34 | 2481.81 | (5725,5876) | Pass
HTHV 2478.35 | 2481.85 | (5725,5877) | Pass
LTLV 2478.32 | 2481.82 | (5725,5878) | Pass
LTHV 2478.35 | 2481.84 | (5725,5879) | Pass

802.11ac VHT40

Te_st. EIRP EIRP Limit Result
Condition | (dBm) (mW) (MHz)

NTC 5736.68 | 5813.61 | (5725,5875) | Pass
HTLV 5736.68 | 5813.61 | (5725,5876) | Pass
HTHV 5736.71 | 5813.60 | (5725,5877) | Pass
LTLV | 5736.74 | 5813.60 | (5725,5878) | Pass
LTHV | 5736.74 | 5813.56 | (5725,5879) | Pass
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APPLICABILITY

The unwanted emissions in the spurious domain requirement shall apply to all transmitters.
LIMIT

The maximum power limits of any unwanted emissions in the spurious domain are given in table 3.
Table 3: Spurious emissions

Report No.: TZ230604429-WLAN3

Frequency 47 MHz to 74 MHz Other frequencies Frequencies
ranges 87,5 MHz to 108 MHz <1000 MHz >1 000 MHz
Stat 174 MHz to 230 MHz
ate 470 MHz to 862 MHz
Operating 4 nW 250 nW 1 uW
Standby 2nW 2nW 20 nW
TEST CONFIGURATION
Conducted Method:
- it Spectrum
ransmiter
~ analyser or
under ———>|  Attenuator [ selective
test voltmeter

M

Radiated Method:

Below 1GHz
A A A A A A A A A A A A A A A A A A A A A A A A A A A AN A AN A NS
.D"r J.'\_,-" W ‘r'r L") I‘U' -"1" ‘r"f\\r'llr W \r'r A" I‘U' -"1" ‘r"f\\r"'r W \r'r W I‘U’ -"1" ‘r"f\.\r"lr W "\r'r W I‘U’ -"1" ‘r"f\"r"lr W ‘f'r W I‘\-"' 1'1" ‘r"f\'\r'llr W \"r W I‘U- \'1" V’___.-
~ Seml Anechole Chamber ]
r - -
- r— Rl Antenine coaxial cable <
b
> e 6m) =
ey —— <l
o -
{.} =
-, {"

- -
- -
'\-\._\. -\.__._b
o el
= =
= <
S e
= 1.5m <
- i
= =
= >
= GRP e

Receiver
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Above 1GHz
:':-’* ! *-,,fr ’* % A, t-,--r A Y-"\,,u"" \f . Y"‘ v‘t A AVAY N w" A '"v"'*'*-?.-"h"'\,-f"“'-. Y u’“‘ ‘-;‘ f‘«, ',
.-; Full Antcholc Chamber R¥ Anterna coaxial cable __
:} 0t 360° (8m)
1-____'- B J -:-:-"
=
> 2
I
< <
H‘* GRF
SPA | —
Conformance
[]4.2.4.3.1 Conducted spurious emission
[]4.2.4.3.2 Method of measurement - cabinet spurious radiation
X 4.2.4.3.3 Method of measurement - radiated spurious emission
TEST RESULTS
TX mode
Result Limit Margin .
Fre. (MHz) ANT. Pol. (dBm) (dBm) (dB) Conclusion
Below 1GHz:
674.81 \% -62.01 -54 8.01 PASS
679.95 H -62.79 -54 8.79 PASS
Above 1GHz:
Test Mode: Low Channel
11490 H -42.51 -30 12.51 PASS
11490 \% -44.30 -30 14.30 PASS
17235 H -44.27 -30 14.27 PASS
17235 \% -43.77 -30 13.77 PASS
22980 H -49.52 -30 19.52 PASS
22980 \% -43.14 -30 13.14 PASS
Test Mode: High Channel
11650 H -44.31 -30 14.31 PASS
11650 \% -45.18 -30 15.18 PASS
17475 H -44.99 -30 14.99 PASS
17475 V -47.69 -30 17.69 PASS
23300 H -45.74 -30 15.74 PASS
23300 \% -46.80 -30 16.80 PASS
Note:
1. Cable loss and antenna gain was combined in the calculated result.
2. No record for margin above 20dB.
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4.1.4 Duty Cycle
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Duty Cycle (DC) shall apply to all transmitting equipment except those which utilize Listen Before Talk (LBT)
clause 4.4.2, or Detect And Avoid (DAA), clause 4.4.3. RFID transmitters operating in the 2 446 MHz to 2 454
MHz frequency band that transmit at a maximum radiated peak power level of less than 500 mW e.i.r.p. are

also excluded.

LIMIT

Table 4 defines the maximum duty cycle within a 1 hour period.
Table 4: Duty cycle limits

Frequency Band Duty cycle Application Notes
2 400 MHz to 2 483,5 MHz No Restriction  |Generic use
2 400 MHz to 2 483,5 MHz No Restriction |Detection, movement and alert
applications
(a) 2 446 MHz to 2 454 MHz No Restriction |RFID Limits shown in
annex D shall apply
(b) 2 446 MHz to 2 454 MHz <15 % RFID Limits shown in
annex D shall apply
5725 MHz to 5 875 MHz No Restriction |Generic use

9 200 MHz to 9 500 MHz

No Restriction

Radiodetermination:
radar, detection, movement and
alert applications

9 500 MHz to 9 975 MHz

No Restriction

Radiodetermination:
radar, detection, movement and
alert applications

10,5 GHz to 10,6 GHz

No Restriction

Radiodetermination:
radar, detection, movement and
alert applications

13,4 GHz to 14,0 GHz

No Restriction

Radiodetermination:
radar, detection, movement and
alert applications

17,1 GHz to 17,3 GHz DAA or Radiodetermination: Limits shown in
equivalent GBSAR detecting and movement annex F shall apply
techniques and alert applications

24,00 GHz t0 24,25 GHz

No Restriction

Generic use and for
Radiodetermination:

radar, detection, movement and
alert applications

For devices with a 100 % duty cycle transmitting an unmodulated carrier most of the time, a time-out shut-off
facility shall be implemented in order to improve the efficient use of spectrum. The method of implementation
shall be declared by the manufacturer.

TEST CONFIGURATION

Transmitter
under
test

LY

TEST PROCEDURE

|

Attenuator

Spectrum
analyser or
selective
voltmeter

|:| 4.2.5.3 Method of measurement
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TEST RESULTS

N/A, EUT work in 5725 MHz to 5825 MHz.
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4.1.5 Additional requirements for FHSS equipment

APPLICABILITY

The requirements in this clause apply only to equipment using FHSS modulation.
LIMIT

FHSS modulation shall make use of at least 20 channels hopping over > 90 % of the assigned frequency
band.

The dwell time per channel shall not exceed 1 s. While the equipment is operating (transmitting and/or
receiving) each channel of the hopping sequence shall be occupied at least once during a period not
exceeding four times the product of the dwell time per hop and the number of channels.

TEST CONFIGURATION

_ Spectrum
Transmitter - ~.| analyseror
under = Attenuator — — selective
test voltmeter
Conformance

Hopping Channels:

1) Set SPA as follow:
Start frequency: MHz, stop frequency: MHz, RBW =1 MHz, VBW = 3 MHz, Trace = Max
Hold, Detector = Peak, Sweep Time = Auto.

2) Set EUT work in a condition which every channel can work, Count the channels(TX,,) and record as C..

Dwell Time:
Step 1:
1) Set SPA as follow:
Center frequency = working frequency, sweep time =1 S.
2) Set EUT work in the specific frequency, and record the TX,n(one pluse) time as Cg.

Step 2(only for FHSS):
1) Set SPA as follow: center frequency = evaluate frequency, sweep time = 4*Cc*Cd
2) Count the times of TXgp.

TEST RESULTS

N/A, EUT is not a FHSS Device
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4.2 Receiver Requirements

4.2.1 Adjacent channel selectivity

APPLICABILITY

This requirement applies to Equipment Category 1 receivers, when invoked, as defined in clause 4.3.1.
LIMIT

The adjacent channel selectivity of the equipment under specified conditions shall not be less than the levels
of the unwanted signal as stated in table 6.

Table 6: Limit for adjacent channel selectivity

Receiver category Limit
1 -30 dBm + k
No limit
3 No limit

The correction factor, k, is as follows:
k =-20log f -10logBW
Where:
- fis the frequency in GHz;
- BW is the channel bandwidth in MHz.
The factor k is limited within the following:
-0<k<40dB.
The measured adjacent channel selectivity shall be stated in the test report.

TEST CONFIGURATION

_ Spectrum
Transmitter — analyser or
under = Attenuator B — selective
test voltmeter
Conformance

This measurement shall be conducted under normal conditions.

Two signal generators A and B shall be connected to the receiver via a combining network to the receiver,
either:

a) via a test fixture or a test antenna to the receiver integrated, dedicated or test antenna; or

b) directly to the receiver permanent or temporary antenna connector.

The method of coupling to the receiver shall be stated in the test report.

Signal generator A shall be at the nominal frequency of the receiver, with normal modulation of the wanted
signal.

Signal generator B shall be unmodulated and shall be adjusted to the adjacent channel centre frequency
immediately above that of the wanted signal.

Initially signal generator B shall be switched off and using signal generator A the level that still gives sufficient
response shall be established. The output level of generator A shall then be increased by 3 dB.

Signal generator B is then switched on and adjusted until the wanted criteria are met. This level shall be
recorded.

The measurements shall be repeated with signal generator B unmodulated and adjusted to the adjacent
channel centre immediately below the wanted signal.
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The adjacent channel selectivity shall be recorded for the upper and lower adjacent channels as the level in

dBm of the unwanted signal.

For tagging systems (e.g. RF identification, anti-theft, access control, location and similar systems) signal
generator A may be replaced by a physical tag positioned at 70 % of the measured system range in metres. In
this case, the adjacent selectivity shall be recorded as the level in dBm of lowest level of the unwanted signal

(generator B) resulting in a non-read of the tag.

TEST RESULTS

Below is the worst case situation test data.
802.11a Mode

Receiver category: 1

The signal of adjacent channel(signal generator B)

Test Channel

Adjacent channel Test Value (dBm) Limit(dBm) Verdict
144 | 5720MHz(lower) -2 =-58.20 PASS
149 | 5745MHz
153 | 5765MHz(upper) -4 =-58.20 PASS

Note: k=-28.20dB, BW=20MHz
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4.2.2 Blocking or desensitization

APPLICABILITY

This requirement applies to all Category 1, 2, and 3 SRD communication media receivers.
LIMIT

The blocking level, for any frequency within the specified ranges, shall not be less than the values given in
table 7, except at frequencies on which spurious responses are found.
Table 7: Limits for blocking or desensitization

Receiver category Limit
1 -30 dBm + k
2 -45 dBm + k
3 Nao limit

The correction factor, k, is as follows:
k = -20log f -10logBW
Where:
- fis the frequency in GHz;
- BW is the channel bandwidth in MHz.
The factor k is limited within the following:
-0<k<40dB.
The measured adjacent channel selectivity shall be stated in the test report.

TEST CONFIGURATION

_ Spectrum
Transmitter - ~.| analyseror
under = Attenuator — — selective
test voltmeter
Conformance

This measurement shall be conducted under normal conditions.
Two signal generators A and B shall be connected to the receiver via a combining network to the receiver,
elthe;) via a test fixture or a test antenna to the receiver integrated, dedicated or test antenna; or
b) directly to the receiver permanent or temporary antenna connector.
The method of coupling to the receiver shall be stated in the test report.

Signal generator A shall be at the nominal frequency of the receiver, with normal modulation of the wanted
signal.

Signal generator B shall be unmodulated and shall be adjusted to a test frequency at approximately 10 times,
20 times and 50 times of the receive channel bandwidth above upper band edge of the receive channel.

Initially signal generator B shall be switched off and using signal generator A the level which still gives
sufficient response shall be established. The output level of generator A shall then be increased by 3 dB.

Signal generator B is then switched on and adjusted until the wanted criteria are met. This level shall be
recorded.

The measurement shall be repeated with the test frequency for signal generator B at approximately 10 times,
20 times and 50 times of the receive channel bandwidth below the lower band edge of the receive channel.

The blocking or desensitization shall be recorded as the level in dBm of lowest level of the unwanted signal
(generator B).

For tagging systems (e.g. RF identification, anti-theft, access control, location and similar systems) signal
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generator A may be replaced by a physical tag positioned at 70 % of the measured system range in metres. In
this case, the blocking or desensitization shall be recorded as the ratio in dB of lowest level of the unwanted
signal (generator B) resulting in a non-read of the tag. to the declared sensitivity of the receiver +3 dB.

TEST RESULTS

Below is the worst case situation test data.

Receiver category: 1
Blocking Signal(signal generator B)
Test Channel Lower or Frequency | Test Value Limit
Upper Spacing (MH2) (dBm) (dBm) Verdict
10*BW 5545 7 =-58.20 | PASS
Lower 20*BW 5345 8 =-58.20 | PASS
149 | 5745MHz 50*BW 4745 7 =-58.20 | PASS
10*BW 5845 2 =-58.20 | PASS
Upper 20*BW 5945 6 =-58.20 | PASS
50*BW 6745 14 =-58.20 | PASS
Note: k=-28.20dB, BW=20MHz
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4.2.3 Receiver Spurious emissions

LIMIT
Final Draft ETSI EN 300 440 V2.2.1 (2018-07) Sub-clause 4.2.4.4

The power of any spurious emission shall not exceed 2 nW in the range 25 MHz to 1 GHz and shall not
exceed 20 nW on frequencies above 1 GHz.

TEST CONFIGURATION

Signal
Substitute Generator

SA

Artenna

P P
PHT i

Receiving Antenna

Amplifier

T

=]
=
S
c
o
S

Fitter

o
Y7y

“Harsraa

)
4,

Receiving Antenna

Fiter Amplifier

Atlenuator

L AAAA

TEST PROCEDURE

Step 1:

The measurement is carried out in the fully anechoic chamber. EUT was placed on a 1.50 meter high non-
conductive table at a 3 meter test distance from the test receive antenna. A receiving antenna was placed on
the antenna mast 3 meters from the EUT. The height of receiving antenna is 1.50 m and varies in certain
range to find the maximum power value. Connect the EUT to the BTS simulator via the air interface. The
measurement is carried out using a spectrum analyzer or receiver. Then the antenna height and turn table
rotation is adjusted till the maximum power value is founded on spectrum analyzer or receiver. A filter is
necessary in the band near to the carrier frequency. A filter is needed to avoid the distortion of the testing
equipment in the band above the carrier frequency.

Step 2:

A log-periodic antenna or double-ridged waveguide horn antenna shall be substituted in place of the EUT. The
log-periodic antenna will be driven by a signal generator and the level will be adjusted till the same power
value on the spectrum analyzer or receiver. The level of the spurious emissions can be calculated through the
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level of the signal generator, cable loss, the gain of the substitution antenna and the reading of the spectrum
analyzer or receiver.

Calculation procedure:

The data of cable loss, antenna gain and air loss has been calibrated in full testing frequency range before the
testing.

The power of the Radiated Spurious Emissions is calculated by adding the cable loss, antenna gain and air
loss. The basic equation with a sample calculation is as followed:

P:PR+Lc+LA'G

Where

P: Power of the Radiated Spurious Emissions (dBm)

Pr: reading of the receiver (dBm)

Lc: Cable Lose and power amilifer gain and filter cable loss (dB)

La: Air loss (dB)

G: Antenna Gain (dBi)

Assumed the reading of the receiver is -60dBm. A cable lose of 10dB, an air lose of 30dB and an antenna
gain of 11dBi are added.

P=Pr+Lc+La-G=-60+10+30-11=-31dBm

TEST RESULTS

Fre. ANT. Result Limit Margin Conclusion
(MHz) Pol. (dBm) (dBm) (dB)
Below 1GHz:
497.43 Y -67.01 -57 10.01 PASS
849.93 H -67.35 -57 10.35 PASS
Above 1GHz:
Test Mode: Lowest frequency
5162.09 H -58.94 -47 11.94 PASS
5162.09 Y -56.59 -47 9.59 PASS
13823.31 H -57.19 -47 10.19 PASS
13823.31 Y -57.92 -47 10.92 PASS
Test Mode: Highest frequency
5831.17 H -55.06 -47 8.06 PASS
5831.17 Vv -55.83 -47 8.83 PASS
7651.34 H -58.25 -47 11.25 PASS
7651.34 \% -59.69 -47 12.69 PASS
Note: 1. no record for margin above 20dB.
2. Cable loss and antenna gain was combined in the calculated
result.
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5 Test Setup Photos of the EUT
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6 External and Internal Photos of the EUT
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TEST REPORT

2023/7/25
Test Report No. : TZ230604429-BLE .
Date of issue
Equipment under Test . Wanbo Projector
Model /Type . WPB21

New T2,New T2 Max,T2 Max,T2 Max New,WPB2*(“*"=0-9 or

Listed Models A-Z or any character or blank)

Applicant : Shenzhen wanbo Technology Co., Ltd.

: 4th Floor, Building 1, Chuangjian Phase 2 Industrial Park,
Address Yingrenshi Community, Shiyan Street, Baoan District,
Shenzhen, China

Manufacturer . Shenzhen wanbo Technology Co., Ltd.

. 4th Floor, Building 1, Chuangjian Phase 2 Industrial Park,
Address Yingrenshi Community, Shiyan Street, Baoan District,
Shenzhen, China

Test Result: PASS

The test report merely corresponds to the test sample.
It is not permitted to copy extracts of these test result without the written permission of the test
laboratory.



/ Page 3 of 44 Report No.: TZ230604429-BLE

** Modifited History **

Revision Description Issued Data Remark

Revision 1.0 Initial Test Report Release 2023/7/25 Andy Zhang




|I—‘

|I\)

2.1.
2.2.
2.3.
2.4.
2.5.
2.6.
2.7.
2.8.

|00

3.1
3.2.
3.3.

3.4.
3.5.

|

4.1.

|U‘I

|(D

Page 4 of 44 Report No.: TZ230604429-BLE
Contents

TEST STANDARD S e e e e e 5
S UMM A R Y oottt e e e e e e e e e e 6
General Remarks 6
Product Description 6
Equipment Under Test 7
Description of the Equipment under Test (EUT) 7
EUT Classification: 8
EUT configuration 9
Internal Identification of EUT used during the test 9
NOTE 9
TEST ENVIRONMENT .t e e e e e e e e e e e e e e e e e e et e e et e e 10
Address of the test laboratory 10
Environmental conditions 10
Test Description 10
3.3.1. = UL =T 41 ST T O PPP R PPPPP 10
3.3.2. Terms used in Condition COIUMN ... ....viiiiiiiiiiiieieeeieee et eeeeeeee e eeeeeeereeeseesrererererererane 10
3.3.3. Terms used inN VerdiCt COIUMN .. .....uiiiiiiiieiiieiiteieeeee et eeeeeeeeeeeeeeeeeseeeseessaseesrsrerersrsrsrereranes 10
3.3.4. Sumarry of MeasuremMeNnt rESUILS .........coiiiiiiiiiiiee e 11
Statement of the measurement uncertainty 12
Equipments Used during the Test 13
TEST CONDITIONS AND RESULTS ... ittt ettt ettt 14
ETSI EN 300 328 REQUIREMENTS 14
4.1.1. R OUIPUL POWET ...ttt e e e s e et n e e e e e e e anb i n e e e e e eeerenen 14
4.1.2. Duty Cycle, TX-SEQUENCE, TX QAP . .uuuuuuunuunnnnies s 16
4.1.3. Medium Utilisation (MU) faCLOK ...........uuui s 18
4.1.4. Power SPECLral DENSILY .........uuuuiiiii s 19
4.1.5. Adaptivity (Adaptive equipment using modulations other than FHSS) ...........ccccvevvee. 21
4.1.6. Occupied Channel BandWidth ... 25
41.7. Transmitter unwanted emissions in the out-of-band domain .............ccccceeviiiiiienenenn. 28
4.1.8. Transmitter unwanted emissions in the spurious domain ...........ccccevvvevvveievennnnnn. 33
4.1.9. ReECEIVEr SPUIIOUS EMISSIONS ...uuuuiiiiiii s 36
4.1.10. RECEIVEN BIOCKING ..uuiiiiii s 38
4.1.11. Geo-location Capability ... 42
TEST SETUP PHOTOS OF THE EUT ...ttt ettt ettt e e et aeeaaeaas 43
EXTERNAL AND INTERNAL PHOTOS OF THE EUT ... .. ... ..., 44




[ J
/ Page 5 of 44 Report No.: TZ230604429-BLE

1. TEST STANDARDS

The tests were performed according to following standards:

ETSI EN 300 328 V2.2.2 (2019-07) —Wideband transmission systems;
Data transmission equipment operating in the 2,4 GHz band; Harmonised Standard for access to radio
spectrum
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2.1. General Remarks
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Date of receipt of test sample

2023/6/5

Testing commenced on

2023/6/5

Testing concluded on

2023/7/25

2.2. Product Description

The Shenzhen wanbo Technology Co., Ltd.’s Model: WPB21 or 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 Wanbo Projector
Model(s) Number WPB21
List Models New T2,New T2 Max,T2 Max,T2 Max New,WPB2*(“*"=0-9 or A-Z or

any character or blank)

Difference descrption

All the same except for the model name and Color of appearance

Hardware version

WB_T2 V1.0

Software version

V1.0

Antenna Type

Integral

Wireless

Type Working Frequency

Modulation Type Version

Bluetooth 2402MHz-2480MHz

EDR: GFSK,8DPSK,m/4DQPSK

BLE: GFSK 5.0

WLAN(2.4G)

IEEE 802.11b:2412-2472MHz OFDM(64QAM, 16QAM, QPSK,
IEEE 802.119:2412-2472MHz BPSK)

IEEE 802.11n HT20:2412-2472MHz IEEE 802.11n HT20:

IEEE 802.11n HT40: 2422-2462MHz OFDM (64QAM, 16QAM,

|EEE 802.11b:
DSSS(CCK,DQPSK,DBPSK)
|EEE 802.11g:

QPSK,BPSK)
IEEE 802.11n HT40: OFDM
(64QAM, 16QAM, QPSK,BPSK)

WLAN(5G)

5180MHz to 5320MHz
5745MHz to 5825MHz

IEEE 802.11n :OFDM (64QAM,
16QAM, QPSK,BPSK)

IEEE 802.11a:0FDM (64QAM,
16QAM, QPSK,BPSK) /
IEEE 802.11ac: OFDM
(256QAM, 64QAM, 16QAM,
QPSK, BPSK)




[ J
/ Page 7 of 44 Report No.: TZ230604429-BLE

2.3. Equipment Under Test
Power supply system utilised

Power supply voltage ;|1 O] 230V /50 Hz O [120V / 60Hz

0|12V DC 0|24V DC

@ | Other (specified in blank below)

DC 19V by adpater

Description of the test mode

BLE used 40 channels and channel separation was 2MHz.

Channel Frequency(MHz) Channel Frequency(MHz)
00 2402 20 2442
01 2404 21 2444
02 2406 22 2446
03 2408 23 2448
04 2410 24 2450
05 2412 25 2452
06 2414 26 2454
07 2416 27 2456
08 2418 28 2458
09 2420 29 2460
10 2422 30 2462
11 2424 31 2464
12 2426 32 2466
13 2428 33 2468
14 2430 34 2470
15 2432 35 2472
16 2434 36 2474
17 2436 37 2476
18 2438 38 2478
19 2440 39 2480
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Test Frequency
Lowest Middle Highest
Type Frequency Frequency Frequency
Channel (MH2) Channel (MH2) Channel (MH2)
BLE 00 2402 19 2440 39 2480

2.4. Description of th

e Equipment under Test (EUT)

Reference documents:

Bluetooth® Core Specification

Special test descriptions:

None

Configuration descriptions:

TX tests: Channel 00(2402MHz),Channel 19(2440MHz),Channel 39(2480MHz)

RX/Standby tests: BLE test mode enabled, scan enabled, TX Idle

Test mode:

[ ] Bluetooth Test mode loop back enabled (EUT is controlled over CMW500)

[X] Special software is used. EUT is transmitting pseudo random data by itself

Bluetooth standard
capabilities:

40channels FHSS

channel separation 2 MHz

used freq. range 2402-2480 MHz

Modulation types: GFSK

Bandwidth appr. 1MHz for single hop frequency

2.5. EUT Classification:

X stand alone equipment
Type of equipment: [ ] plug in radio equipment
[ ] combined equipment
. _ X Wide Band Modulation (None Hopping — e.g. DSSS, OFDM)
Modulation types: [ ] Frequency Hopping Spread Spectrum (FHSS)
|| Frame Based Equipment
> ves, LBT-based X]Load Based Equipment
[ ] Yes, non-LBT-based
Adaptive equipment: | [ ] Yes (but can be disabled)
[ ] No
[ ] COT value
X CCA value 18us
Operating mode 1 (single antenna)
Equipment with 1 antenna,
[ Equipment with 2 diversity antennas operating in switched diversity mode by
which at any moment in time only 1 antenna is used,
Smart antenna system with 2 or more transmit/receive chains, but operating in
a mode where only 1 transmit/receive chain is used)
Antennas and - - .
transmit operating Ope_ratlng mode 2_ (mL_JIt|pI9 antennas, no beamforming) _
modes: X Equipment operating in this mode contains a smart antenna system using two
or more transmit/receive chains simultaneously but without beamforming.
Operating mode 3 (multiple antennas, with beamforming)
Equipment operating in this mode contains a smart antenna system using two
] or more transmit/receive chains simultaneously with beamforming. In addition
to the antenna assembly gain (G), the beamforming gain (Y) may have to be
taken into account when performing the measurements.
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2.6. EUT configuration

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

@ - supplied by the manufacturer

O - supplied by the lab

O| Computer Manufacture : ASUS
Model No.: X454L

O| AOC Monitor Manufacture : FuJianJieLian
Model No.: 280LM00003

Modifications
No modifications were implemented to meet testing criteria.

2.7. Internal Identification of EUT used during the test

SN or : . . Type of
*

EUT ID IMEI HW Version SW Version Date of receipt Test
TZ230604429-1# N/A WB_T2 V1.0 V1.0 2023/6/5 Radio
TZ230604429-2# N/A WB_T2 V1.0 V1.0 2023/6/5 EMC
2.8. NOTE

Function Test Standards Reference Report

ETSI EN 301 489-1 VV2.2.3 (2019-11)
ETSI EN 301 489-3 VV2.1.1 (2019-03)
ETSI EN 301 489-17 V3.2.4 (2020-09)
EMC EN55032:2015+A11:2020 TZ230604429-RE
EN55035:2017+A11:2020
EN IEC 61000-3-2:2019
EN61000-3-3:2013+A1:2019

Bluetooth
aeooth ETSI EN 300 328 V2.2.2 (2019-07) TZ230604429-EDR
BLE ETSI EN 300 328 V2.2.2 (2019-07) T7230604429-BLE
ETSI EN 300 328 V2.2.2 (2019-07) TZ230604429-WLANL
WLAN ETSI EN 301 893 V2.1.1 (2017-05) TZ230604429-WLAN2
ETSI EN 300 440 V2.2.1 (2018-07) TZ230604429-WLAN3
EMF EN62311:2008 TZ230604429-EMF

EN50665:2017
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3. TEST ENVIRONMENT

3.1. Address of the test laboratory

Shenzhen Tongzhou Testing Co.,Ltd

1th Floor, Building 1, Haomai High-tech Park, Huating Road 387, Dalang Street, Longhua, Shenzhen, China
The sites are constructed in conformance with the requirements of ANSI C63.7, ANSI C63.4 (2014) and
CISPR Publication 22.

3.2. Environmental conditions

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

Normal Temperature: 25 °C
High Temperature: 40 °C
Low Temperature: -10 °C
Normal Voltage: DC 19V
High Voltage/HV: DC 21.9V
Low Voltage/LV: DC 17.1V
Relative Humidity: 55 %

Air Pressure: 989 hPa

3.3. Test Description

3.3.1. Main Terms

Verdict Verdict of each test cases.
Test Case Test cases identification number description in ETSI specification.

3.3.2. Terms used in Condition column

NTC Normal voltage, Normal Temperature
HTHV High voltage, High Temperature
LTHV High voltage, Low Temperature
HTLV Low voltage, High Temperature
LTLV Low voltage, Low Temperature

3.3.3. Terms used in Verdict column

Pass This test cases has been tested, and EUT is conformant to the applied standards in
the given frequency band.

Fall This test cases has been tested, but EUT is not conformant to the applied standards
in the given frequency band.

N/A This test case is either not required/not applicable in the specified band or is not
applicable according to the specific PICS/PIXIT for the EUT.

Inc Test case result is ambiguous in the given frequency band.

Decl Declaration is received from the client to demonstrate the conformity to the relevant
specification in the given frequency band.

BR This test cases is not tested in the given frequency band, but this testcases was

tested with pass result for the initial model in the given frequency band.
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= No deviations from the technical specifications were ascertained
] There were deviations from the technical specifications ascertained
et Test
Specification Test Case c - Mode Pass Fail N/A NP Remark
ondition
Clause
RF output NTC b L] L] L]
5.4.2 power LT GFSK = ] ] ]
HT X | | |
Power
5.4.3 Spectral NTC GFSK X ] ] ]
Density
Duty Cycle,
5.4.2 Tx-sequence, NTC - ] ] X ] Note 1
Tx-gap
Medium
5.4.2 Utilisation NTC -- ] ] X ] Note 1
(MU) factor
Adaptivity
(adaptive
equipment
5.4.6 using NTC -- ] ] X ] Note 2
modulations
other than
FHSS)
Occupied
5.4.7 Channel NTC GFSK X ] ] ]
Bandwidth
Transmitter NTC X H H H
unwanted
5.3.8 emissions in LT GFSK L] L] X L]
the out-of-
band domain HT O O 2 O
Transmitter
unwanted
emissions in
5.3.9 the spurious NTC GFSK X ] ] ]
domain
(conducted &
radiated)
Receiver
spurious
5.3.10 emissions NTC GFSK X ] ] ]
(conducted &
radiated)
Receiver
53.11 Blocking NTC GFSK X ] ] ]

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

Note 1: These requirements apply to hon-adaptive equipment or to adaptive equipment when operating in a
non-adaptive mode. These requirements do not apply for equipment with a maximum declared RF Output
power level of less than 10 dBm e.i.r.p.

Note 2: This requirement does not apply to non-adaptive equipment or adaptive equipment operating in a
non-adaptive mode. These requirements do not apply for equipment with a maximum declared RF Output
power level of less than 10 dBm e.i.r.p.
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Preliminary tests were performed in different data rate to find the worst radiated emission. The data rate
shown in the table below is the worst-case rate with respect to the specific test item. Investigation has been
done on all the possible configurations for searching the worst cases. The following table is a list of the test
modes shown in this test report.

Mode Data Rate

GFSK 1 Mbps

3.4. 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 17 and TR-100028-02 “Electromagnetic compatibility and Radio spectrum Matters
(ERM);Uncertainties in the measurement of mobile radio equipment characteristics;Part 2 “ and is
documented in the Shenzhen Tongzhou Testing Co.,Ltd quality system acc. to DIN EN ISO/IEC 17025.
Furthermore, component and process variability of devices similar to that tested may result in additional
deviation. The manufacturer has the sole responsibility of continued compliance of the device.

Hereafter the best measurement capability for Shenzhen Tongzhou Testing Co.,Ltd is reported:

No. Item Uncertainty
1 Occupied Channel Bandwidth +3.6dB
2 RF power, conducted +0.16dB
3 Power Spectral Density, conducted +1.3dB
4 Unwanted Emissions, conducted +1.3dB
5 All emissions, radiated +4.7dB
6 Temperature +0.5°C
7 Humidity +2%
8 DC and low frequency voltages +1.5%
9 Time +1.0%
10 Duty Cycle +3.0%
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3.5. Equipments Used during the Test

Report No.: TZ230604429-BLE

Conducted Method

Item Test Equipment Manufacturer Model No. Serial No. CellbrEitgy Celliersiion B
Date Date
1 MXA Signal Keysight N9020A MY52091623 2022112/28 | 2023/12/27
Analyzer
2 Signal Generator Keysight N5182A MY4620709 2022/12/28 2023/12/27
3 Signal Generator R&S SMLO3 102924/0013 2022/12/28 2023/12/27
4 Power Sensor Agilent U2021XA MY5365004 2022/12/28 2023/12/27
5 Power Meter Agilent U2531A TW53323507 2022/12/28 2023/12/27
6 Climate Chamber KRUOMR KRM-1000 KRM16072901 2022/12/28 2023/12/27
Wideband Radio
7 Communication R&S CMW500 101855 2022/12/28 2023/12/27
Tester
8 Test Software Tonscend JS1120-3 VV2.5.77.0418 -- --
Radiated Method
. . Calibration Calibration
Item Test Equipment Manufacturer Model No. Serial No. Date Due Date
1 Wideband Antenna schwarzbeck VULB 9163 958 2022/11/13 2025/11/12
2 Horn Antenna schwarzbeck A 01989 2022/11/13 | 2025/11/12
3 EMI Test Receiver R&S ESCI 100849/003 2022/12/28 2023/12/27
4 Controller MF MF7802 N/A N/A N/A
5 Amplifier schwarzbeck BBV 9743 209 2022/12/28 2023/12/27
i TSAMP-
6 Amplifier Tonscend 0518SE -- 2022/12/28 2023/12/27
7 RF Cable HUBER+SUHNER RG214 N/A 2022/12/28 2023/12/27
8 MXA Signal Keysight N9020A MY52091623 2022/12/28 | 2023/12/27
Analyzer
9 Horn Antenna ETS 3117 00218874 2022/11/13 2025/11/12
10 Wideband Antenna Sunol JB3 A020115 2022/7/3 2025/7/2
11 Test Software Tonscend JS36-RSE V1.0.2.0 -- --
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4. TEST CONDITIONS AND RESULTS

4.1. ETSI EN 300 328 REQUIREMENTS

4.1.1. RF Output Power
LIMIT

According to ETSI EN 300 328 V2.2.2 §4.3.2.2.3
The RF output power for non-FHSS equipment shall be equal to or less than 20 dBm.

NOTE: For Non-adaptive FHSS equipment, the manufacturer may have declared a reduced RF Output Power
(see clause 5.4.1 m)) and associated Duty Cycle (see clause 5.4.1 €)) that will ensure that the equipment
meets the requirement for the Medium Utilization (MU) factor further described in clause 4.3.2.5. This is
verified by the conformance test referred to in clause 4.3.2.5.4.

For non-adaptive non-FHSS equipment, where the manufacturer has declared an RF output power of less
than 20 dBm e.i.r.p., the RF output power shall be equal to or less than that declared value.
This limit shall apply for any combination of power level and intended antenna assembly.

TEST CONFIGURATION

H & T Chamber

1.5m cogxial cable
Power Test Set EEmmEmEEE EUT

1.2m pénwer cable

DC Power Supply

TEST PROCEDURE

According to ETSI EN 300 328 V2.2.2 (2019-07) §5.4.2.2.1.1, conducted method.

EUT DESCRIPTION:

Mode: BT Test mode
Test Channel Channel 00(2402MHz),Channel 19(2440MHz),Channel 39(2480MHz)
Modulation: GFSK

MEASUREMENT DESCRIPTION

Instrument: Power Meter measuring burst Power(RMS) of a least 10 packets
Performed: X Conducted
' L] Radiated (only if no conducted sample is provided)
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TEST RESULTS
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Temperature: 25.3°C
Humidity: 56%

Test Engineer: Anna Hu
Test Condition TestMode Antenna Channel EIRP[dBm] Limit[dBm] Verdict
2402 0.74 20 PASS
NTNV BLE_1M Antl 2440 0.54 20 PASS
2480 0.49 20 PASS
2402 0.78 20 PASS
LTNV BLE_1M Antl 2440 0.53 20 PASS
2480 0.48 20 PASS
2402 0.75 20 PASS
HTNV BLE_1M Antl 2440 0.52 20 PASS
2480 0.48 20 PASS

Note:.Cable loss and antenna gain was combined in the calculated result.
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4.1.2. Duty Cycle,TX-sequence, TX-gap
LIMIT

ETSI EN 300 328 (V2.2.2) Sub-clause 4.3.2.4.3

The Duty Cycle shall be equal to or less than the maximum value declared by the manufacturer.

The Tx-sequence time shall be equal to or less than 10 ms. The minimum Tx-gap time following a Tx-
sequence shall be equal to the duration of that proceeding Tx-sequence with a minimum of 3,5 ms.

These requirements apply to non-adaptive frequency hopping equipment or to adaptive frequency hopping
equipment operating in a non-adaptive mode.These requirements do not apply for equipment with a maximum
declared RF Output power of less than 10 dBm e.i.r.p. or for equipment when operating in a mode where the
RF Output power is less than 10 dBm e.i.r.p.

TEST PROCEDURE

Please refer to ETSI EN 300 328 (V2.2.2) Sub-clause 5.4.2.2.1.3

For systems using wide band modulations other than FHSS, the measurement shall be performed at the
lowest, the middle, and the highest channel on which the equipment can operate. These frequencies shall be
recorded.

The test procedure, which shall only be performed for non-adaptive systems and only to be performed at
normal environmental conditions, shall be as follows:

Step 1:

» Use the same stored measurement samples from the procedure described in clause 5.4.2.2.1.2.

» The start and stop times are defined as the points where the power is at least 30 dB below the highest value
of the stored samples. In case of insufficient dynamic range, the value of 30 dB may need to be reduced
appropriately.

Step 2:

» Between the saved start and stop times of each individual burst, calculate the TxOn time. Save these TxOn
values.

Step 3:

* Duty Cycle (DC) is the sum of all TxOn times between the end of the first gap (which is the start of the first
burst within the observation period) and the start of the last burst (within this observation period) divided by
the observation period. The observation period is defined in clause 4.3.1.3.2 or clause 4.3.2.4.2.

Step 4:

» For equipment using blacklisting, the TxOn time measured for a single (and active) hopping frequency shall
be multiplied by the number of blacklisted frequencies. This value shall be added to the sum calculated in step
3 above. If the number of blacklisted frequencies cannot be determined, the minimum number of hopping
frequencies (N) as defined in clause 4.3.1.4.3 shall be assumed.

* The calculated value for Duty Cycle (DC) shall be recorded in the test report. This value shall be equal to or
less than the maximum value declared by the manufacturer.

Step 5:

* Use the same stored measurement samples from the procedure described in clause 5.4.2.2.1.2.

« Identify any TxOff time that is equal to or greater than the minimum Tx-gap time as defined in clause
4.3.1.3.3 or clause 4.3.2.4.3. These are the potential valid gap times to be further considered in this procedure.
« Starting from the second identified gap, calculate the time from the start of this gap to the end of the
preceding gap. This time is the Tx-sequence time for this transmission. Repeat this procedure until the last
identified gap within the observation period is reached.

* A combination of consecutive Tx-sequence times and Tx-gap times followed by a Tx-gap time, which is at
least as long as the duration of this combination, may be considered as a single Tx-sequence time and in
which case it shall comply with the limits defined in clause 4.3.1.3.3 or clause 4.3.2.4.3.

« It shall be noted in the test report whether the UUT complies with the limits for the maximum Tx-sequence
time and minimum Tx-gap time as defined in clause 4.3.1.3.3 or clause 4.3.2.4.3.

EUT DESCRIPTION:

Mode: BT Test mode

Test Channel Channel 00(2402MHz),Channel 19(2440MHz),Channel 39(2480MHz)

Modulation: GFSK
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MEASUREMENT DESCRIPTION

Instrument: Power Meter measuring average burst Power of a least 10 packets
Performed: |Z Conducted
) [] Radiated (only if no conducted sample is provided)

TEST RESULTS

Not Applicable
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4.1.3. Medium Utilisation (MU) factor

LIMIT

ETSI EN 300 328 V2.2.2 (2019-07) Sub-clause 4.3.2.5.3

For non-adaptive equipment using wide band modulations other than FHSS, the maximum Medium Utilization
factor shall be 10 %.

This requirement does not apply to adaptive equipment unless operating in a non-adaptive mode. In addition,
this requirement does not apply for equipment with a maximum declared RF Output power level of less than
10 dBm e.i.r.p. or for equipment when operating in a mode where the RF Output power is less than 10 dBm
e.i.r.p.

TEST PROCEDURE

Please refer to ETSI EN 300 328 vV2.2.2 (2019-07) Sub-clause 5.4.2.2.1.4

Step 1:

* Use the same stored measurement samples from the procedure described in clause 5.4.2.2.1.2.

Step 2:

* For each burst calculate the product of (Pburst / 100 mW) and the TxOn time. Pburst is expressed in mW.
TxOn time is expressed in ms.

Step 3:

* Medium Utilization is the sum of all these products divided by the observation period (expressed in ms)
which is defined in clause 4.3.1.3.2 or clause 4.3.2.4.2. This value, which shall comply with the limit given in
clause 4.3.1.6.3 or clause 4.3.2.5.3, shall be recorded in the test report.

If operation without blacklisted frequencies is not possible, the power of the bursts on blacklisted hopping
frequencies (for the calculation of the Medium Utilization) is assumed to be equal to the average value of the
RMS power of the bursts on all active hopping frequencies.

EUT DESCRIPTION:

Mode: BT Test mode
Test Channel Channel 00(2402MHz),Channel 19(2440MHz),Channel 39(2480MHz)
Modulation: GFSK

MEASUREMENT DESCRIPTION

Instrument: Power Meter measuring average burst Power of a least 10 packets
Performed: Z Conducted
' || Radiated (only if no conducted sample is provided)

TEST RESULTS

Not Applicable according to ETSI EN 300 328 V2.2.2 (2019-07) Sub-clause 4.3.2.5.1

This requirement does not apply to adaptive equipment unless operating in a hon-adaptive mode.

In addition, this requirement does not apply for equipment with a maximum declared RF Output power level of
less than 10 dBm e.i.r.p. or for equipment when operating in a mode where the RF Output power is less than
10 dBm e.i.r.p.
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4.1.4. Power Spectral Density

LIMIT

According to ETSI EN 300 328 VV2.2.2 (2019-07) §4.3.2.3.3,

For equipment using wide band modulations other than FHSS, the maximum Power Spectral Density is limited
to 10dBm/MHz.

These measurements shall only be performed at normal test conditions.

TEST CONFIGURATION

EUT 0.2m coaxial cable SPECTRUM
ANALYZER

TEST PROCEDURE

According to ETSI EN 300 328 V2.2.2 (2019-07) 85.4.3.2.1, conducted method.

The test procedure shall be as follows:

Step 1:

Connect the UUT to the spectrum analyzer and use the following settings:

« Start Frequency: 2 400 MHz

» Stop Frequency: 2 483.5 MHz

* Resolution BW: 10 kHz

* Video BW: 30 kHz

* Sweep Points: > 8 350

NOTE: For spectrum analyzers not supporting this number of sweep points, the frequency band may be
segmented.

* Detector: RMS

* Trace Mode: Max Hold

» Sweep time: 10 s; the sweep time may be increased further until a value where the sweep time

has no impact on the RMS value of the signal

For non-continuous signals, wait for the trace to be completed. Save the (trace) data set to a file.

Step 2:

For conducted measurements on smart antenna systems using either operating mode 2 or operating mode 3
(see clause 5.1.3.2), repeat the measurement for each of the transmit ports. For each sampling point
(frequency domain), add up the coincident power values (in mW) for the different transmit chains and use this
as the new data set.

Step 3:

Add up the values for power for all the samples in the file using the formula below.

= E 'F:.zm;.'# {”}

n=l

F,

JUum

with ' being the total number of samples and 'n’ the actual sample number

Step 4.
Normalize the individual values for power (in dBm) so that the sum is equal to the RF Output Power (e.i.r.p.)
measured in clause 5.3.2 and save the corrected data. The following formulas can be used:

Cfan' =Fg F

Sum ™ L airp

Piamplsmn'-r”] = Pia:lupism’l - CCD:‘T

with "0’ being the actual sample number
Step 5:
Starting from the first sample PSamplecorr(n) (lowest frequency), add up the power (in mW) of the following
samples representing a 1 MHz segment and record the results for power and position (i.e. sample #1 to
sample #100). This is the Power Spectral Density (e.i.r.p.) for the first 1 MHz segment which shall be recorded.
Step 6:
Shift the start point of the samples added up in step 5 by 1 sample and repeat the procedure in step 5 (i.e.
sample #2 to #101).
Step 7:
Repeat step 6 until the end of the data set and record the Power Spectral Density values for each of the 1
MHz segments. From all the recorded results, the highest value is the maximum Power Spectral Density for
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the UUT. This value, which shall comply with the limit given in clause 4.3.2.3.3, shall be recorded in the test

report.

EUT DESCRIPTION:

Mode: BT Test mode
Test Channel Channel 00(2402MHz),Channel 19(2440MHz),Channel 39(2480MHz)
Modulation: GFSK

MEASUREMENT DESCRIPTION

Instrument: Spectrum Analyzer
Detector: RMS

Sweep time: 10S

Video bandwidth: 30KHz

Resolution bandwidth: | 10KHz

Span: 83.5MHz

Frequency range

2400-2483.5MHz

Sweep Points

15000

Performed: ] Conducted
) | | Radiated (only if no conducted sample is provided)
TEST RESULTS
Temperature: 25.3°C
Humidity: 56%
Test Engineer: Anna Hu
TestMode Antenna Channel PSD[dBm/MHZz] Limit{dBm/MHz] Verdict
2402 0.61 10 PASS
BLE_1M Antl 2440 0.43 10 PASS
2480 0.37 10 PASS
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4.1.5. Adaptivity (Adaptive equipment using modulations other than FHSS)

LIMIT

Operational Mode

LBT based Detect and Avoid
Requirement Non-LBT Load Based Load Based Equipment
based Detect|  Frame Based Equipment (CCA | (CCA not using any of
and Avoid Equipment using ‘energy the mechanisms
detect’) referenced as note 2)
Minimum Clear Channel
Assessment (CCA) Time NA 18 us (see note 1) | 18 us (see note 2) 18 us (see note 1)
Maximum Channel
Occupancy (COT) Time 40 ms 1msto 10 ms 13ms (see note 2) 13ms
At least 5% of
Minimum Idle Period |COT and 100 5% of COT NA NA
us
Extended CCA check NA NA (see note 2) >CCA

Short Control Signaling
Transmissions

Maximum duty cycle of 10% within an observation period of 50 ms

(see note 3)

Note 1: The CCA time used by the equipment shall be declared by the supplier.
Note 2: Load Based Equipment may implement an LBT based spectrum sharing mechanism based on the
Clear Channel Assessment (CCA) mode using energy detect, as described in IEEE Std.

802.11TM-2007 clauses 9,15,18 or 19, in IEEE Std. 802.11n T™™ -2009 clauses 9,11 and 20 or in

IEEE Std. 802.15.4 TM .2011, clauses 4 and 5.
Note 3: Adaptive equipment may or may not have Short Control Signaling Transmissions.
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Wanted signal mean power from companion device:
TL =-70 dBm/MHz + 10 x log10 (100 mW / P, (Poutin mW e.i.r.p.)

Unwanted Signal parameters

Wanted signal mean power Maximum transmit power (PH)
from companion device EIRP mW niesinald EveE] (VL)
sufficient to maintain the link 2 395 or 2 488,5 -35
(see note 2) (see note 1) (see note 3)

NOTE 1: The highest frequency shall be used for testing operating channels within the range 2 400 MHz to 2
442 MHz, while the lowest frequency shall be used for testing operating channels within the range 2 442 MHz
to 2 483,5 MHz. See clause 5.4.6.1.

NOTE 2: A typical value which can be used in most cases is -50 dBm/MHz.

NOTE 3: The level specified is the level in front of the UUT antenna. In case of conducted measurements,
this level has to be corrected by the actual antenna assembly gain.

TEST CONFIGURATION

Spectrum
1.5m Analyzer
0.2m
UUT | Splitter/ 0-3m 10m | Companion
™| Combiner Direct. Coupler Device
e ATT.
1.0m L J
A | ]
1.0m Signal
< om Generator
(Interferer)
spiter [€
Combiner —
Signal
Generator
Note: all cable is coaxial cable in this test 1.0m (Blocker)

MEASUREMENT DESCRIPTION

According to ETSI EN 300 328 V2.2.2 (2019-07) §5.4.6.2.1.4, Conducted measurements
Step 1:
The UUT may connect to a companion device during the test. The interference signal generator, the blocking
signal generator, the spectrum analyzer, the UUT and the companion device are connected using a set-up
equivalent to the example given by figure 5 although the interference and blocking signal generator do not
generate any signals at this point in time. The spectrum analyzer is used to monitor the transmissions of the
UUT in response to the interfering and the blocking signals.
* Adjust the received signal level (wanted signal from the companion device) at the UUT to the value defined
in table 6 (clause 4).
NOTE 1: Testing of Unidirectional equipment does not require a link to be established with a companion
device.
* The analyzer shall be set as follows:
- RBW: =20MHz for 802 .11b/g/n(20);
= 40MHz for 802.11n(40)
[= Occupied Channel Bandwidth (if the analyzer does not support this setting, the
highest available setting shall be used)]
- VBW: =30MHz
[3 x RBW (if the analyzer does not support this setting, the highest available setting
shall be used)]
- Detector Mode: RMS
- Centre Frequency: Equal to the centre frequency of the operating channel
- Span: 0 Hz
- Sweep time: > maximum Channel Occupancy Time
- Trace Mode: Clear Write
- Trigger Mode: Video
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Step 2:

« Configure the UUT for normal transmissions with a sufficiently high payload resulting in a minimum
transmitter activity ratio (TxOn / (TxOn + TxOff)) of 0,3. Where this is not possible, the UUT shall be
configured to the maximum payload possible.

* For Frame Based Equipment, using the procedure defined in clause 5.4.6.2.1.5, it shall be verified that the
UUT complies with the maximum Channel Occupancy Time and minimum Idle Period defined in

clause 4.3.2.6.3.2.2 step 3).

* For Load Based equipment, using the procedure defined in clause 5.4.6.2.1.5

, it shall be verified that the UUT complies with the maximum Channel Occupancy Time and minimum Idle
Period defined in clause 4.3.2.6.3.2.3 , step 2 and step 3. When measuring the Idle Period of the UUT, it shall
not include the transmission time of the companion device.

NOTE 2: For the purpose of testing Load Based Equipment referred to in the first paragraph of clause
4.3.2.6.3.2.3(IEEE 802.11™ [i.3] or IEEE 802.15.4™ [i.4] equipment), the limits to be applied for the minimum
Idle Period and the maximum Channel Occupancy Time are the same as defined for other types of Load
Based Equipment (see clause 4.3.2.6.3.2.3 step 2) and step 3). The Idle Period is considered to be equal to
the CCA or Extended CCA time defined in clause 4.3.2.6.3.2.3 step 1) and step 2).

Step 3: Adding the interference signal

An interference signal as defined in clause B.6 is injected on the current operating channel of the UUT. The
power spectral density level (at the input of the UUT) of this interference signal shall be equal to the detection
threshold defined in clause 4.3.2.6.3.2.2 step 5) (frame based equipment) or clause 4.3.2.6.3.2.3 step 5)
(load based equipment).

Step 4: Verification of reaction to the interference signal

The spectrum analyser shall be used to monitor the transmissions of the UUT on the selected operating
channel with the interfering signal injected. This may require the spectrum analyser sweep to be triggered by
the start of the interfering signal.

* Using the procedure defined in clause 5.4.6.2.1.5, it shall be verified that:

i) The UUT shall stop transmissions on the current operating channel.

The UUT is assumed to stop transmissions within a period equal to the maximum Channel Occupancy Time
defined in clause 4.3.2.6.3.2.2 (frame based equipment) or clause 4.3.2.6.3.2.3 (load based

equipment).

i) Apart from Short Control Signalling Transmissions, there shall be no subsequent transmissions while the
interfering signal is present.

To verify that the UUT is not resuming normal transmissions as long as the interference signal is present, the
monitoring time may need to be 60 s or more.

iif) The UUT may continue to have Short Control Signalling Transmissions on the operating channel while
the interfering signal is present. These transmissions shall comply with the limits defined in

clause 4.3.2.6.4.2.

The verification of the Short Control Signalling transmissions may require the analyser settings to be
changed (e.g. sweep time).

iv) Alternatively, the equipment may switch to a non-adaptive mode.

Step 5: Adding the blocking signal

» With the interfering signal present, a 100 % duty cycle CW signal is inserted as the blocking signal. The
frequency and the level are provided in table 10 (clause 4.3.2.6.3.2.2) for Frame Based Equipment or in
table 11 (clause 4.3.2.6.3.2.3) for Load Based Equipment.

» The spectrum analyser shall be used to monitor the transmissions of the UUT on the selected operating
channel. This may require the spectrum analyser sweep to be triggered by the start of the blocking signal.

* Using the procedure defined in clause 5.4.6.2.1.5, it shall be verified that:

i) The UUT shall not resume normal transmissions on the current operating channel as long as both the
interference and blocking signals remain present.

To verify that the UUT is not resuming normal transmissions as long as the interference and blocking
signals are present, the monitoring time may need to be 60 s or more.

i) The UUT may continue to have Short Control Signalling Transmissions on the operating channel while
the interfering and blocking signals are present. These transmissions shall comply with the limits defined

in clause 4.3.2.6.4.2.

The verification of the Short Control Signalling transmissions may require the analyser settings to be
changed (e.g. sweep time).

Step 6: Removing the interference and blocking signal

» On removal of the interference and blocking signal the UUT is allowed to start transmissions again on this
channel however this is not a requirement and therefore does not require testing.

Step 7:

» The steps 2 to 6 shall be repeated for each of the frequencies to be tested.
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TEST RESULTS

This requirement do not apply for equipment with a maximum declared RF Output power level of less than 10
dBm e.i.r.p. or for equipment when operating in a mode where the RF Output power is less than 10 dBm
e.i.r.p. So This requirement do not apply for EUT
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4.1.6. Occupied Channel Bandwidth
LIMIT
According to ETSI EN 300 328 V2.2.2 (2019-07) 4.3.2.7.3,

The Occupied Channel Bandwidth shall fall completely within the band given in table 1.
Table 1: Service frequency bands

Service frequency bands
Transmit |2 400 MHz to 2 483,5 MHz
Receive |2 400 MHz to 2 483,5 MHz

In addition, for non-adaptive systems using wide band modulations other than FHSS and with e.i.r.p greater
than 10 dBm, the occupied channel bandwidth shall be less than 20 MHz.
These measurements shall only be performed at normal test conditions.

TEST CONFIGURATION

SPA EUT

0.2m coaxial cable

TEST PROCEDURE

According to ETSI EN 300 328 V2.2.2 (2019-07) 85.4.7.2.1, conducted method.

Step 1:

Connect the UUT to the spectrum analyser and use the following settings:

 Centre Frequency: The centre frequency of the channel under test

* Resolution BW: ~ 1 % of the span without going below 1 %

* Video BW: 3 x RBW

* Frequency Span for frequency hopping equipment: Lowest frequency separation that is used within the
hopping sequence

» Frequency Span for other types of equipment: 2 x Nominal Channel Bandwidth (e.g. 40 MHz for a

20 MHz channel)

* Detector Mode: RMS

* Trace Mode: Max Hold

* Sweeptime: 1s

Step 2:

Wait for the trace to stabilize.

Find the peak value of the trace and place the analyser marker on this peak.

Step 3:

Use the 99 % bandwidth function of the spectrum analyser to measure the Occupied Channel Bandwidth of
the UUT. This value shall be recorded.

Make sure that the power envelope is sufficiently above the noise floor of the analyser to avoid the noise
signals left and right from the power envelope being taken into account by this measurement.

EUT DESCRIPTION:

Mode: BT Test mode

Test Channel Channel 00(2402MHz), Channel 39(2480MHz)

Modulation: GFSK
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MEASUREMENT DESCRIPTION

Report No.: TZ230604429-BLE

Instrument: Spectrum Analyzer
Detector: RMS
Sweep time: 1S
Video bandwidth: 130KHz
Resolution bandwidth: | 43KHz
Span: 4AMHz
Center: Transmit channel
Trace: Max hold
_ = Conducted
Performed: ] Radiated (only if no conducted sample is provided)
TEST RESULTS
Temperature: 25.3°C
Humidity: 56%
Test Engineer: Anna Hu
TestMode Antenna Channel OCB[MHZz] FL[MHZ] FH[MHz] Limit{MHz] Verdict
2402 1.0417 2401.4864 2402.5281 2400 to 2483.5 PASS
BLE_1M Antl 2440 1.0452 2439.4750 2440.5202 2400 to 2483.5 PASS
2480 1.0493 2479.4745 2480.5238 2400 to 2483.5 PASS
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4.1.7. Transmitter unwanted emissions in the out-of-band domain

LIMIT

ETSI EN 300 328 (V2.2.2) Sub-clause 4.3.2.8.3

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 figure 3.

NOTE: Within the 2 400 MHz to 2 483,5 MHz band, the Out-of-band emissions are fulfilled by compliance with
the Occupied Channel Bandwidth requirement in clause 4.3.2.7.

77

py,
Sourious Domain Out Of Band Domain (008) Allocated Band Qut Of Band Domain (O0B) Spurious Domain

A

1 .
. | |

2400 MHz - 2BW 2 400 MHz - BW 2400 MHz 24835MHz 2 483,5MHz + BW 2 483,5 MHz + 2BW

A

\ 4

A: -10 dBm/MHz e.i.r.p.
B: -20 dBm/MHz e.i.r.p. BW = Occupied Channel Bandwidth in MHz or 1 MHz whichever is greater
C: Spurious Domain limits

Figure 3: Transmit mask
Transmitter unwanted emissions in the out-of-band domain are emissions when the equipment is in Transmit
mode, on frequencies immediately outside the necessary bandwidth which results from the modulation
process, but excluding spurious.
These measurements shall only be performed at normal test conditions.
For systems using FHSS modulation, the measurements shall be performed during normal operation
(hopping).
For systems using wide band modulations other than FHSS, the measurement shall be performed at the
lowest and the highest channel on which the equipment can operate. These operating channels shall be
recorded.
The equipment shall be configured to operate under its worst case situation with respect to output power.
If the equipment can operate with different Occupied Channel Bandwidths (e.g. 20 MHz and 40 MHz), than
each channel bandwidth shall be tested separately.

TEST CONFIGURATION

1.5m coaxial cabjle
Power Test Set EUT

1.2m power cable

DC Power Supply
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TEST PROCEDURE

According to ETSI EN 300 328 V2.2.2 (2019-07) §85.4.8.2.1, conducted method.
Connect the UUT to the spectrum analyser and use the following settings:

- Centre Frequency: evaluated frequency

- Span: 0 Hz

- Resolution BW: 1 MHz

- Filter mode: Channel filter

- Video BW: 3 MHz

- Detector Mode: RMS

- Trace Mode: Max Hold

- Sweep Mode: Continuous

- Sweep Points: Sweep Time [s] / (1 us) or 5 000 whichever is greater

- Trigger Mode: Video trigger

NOTE 1: In case video triggering is not possible, an external trigger source may be used.
- Sweep Time: > 120 % of the duration of the longest burst detected during the measurement of the RF
Output Power

Step 2: (segment 2 483,5 MHz to 2 483,5 MHz + BW)

e Adjust the trigger level to select the transmissions with the highest power level.

e For frequency hopping equipment operating in a normal hopping mode, the different hops will result in signal
bursts with different power levels. In this case the burst with the highest power level shall be selected.

e Set a window (start and stop lines) to match with the start and end of the burst and in which the RMS power
shall be measured using the Time Domain Power function.

e Select RMS power to be measured within the selected window and note the result which is the RMS power
within this 1 MHz segment (2 483,5 MHz to 2 484,5 MHz). Compare this value with the applicable limit
provided by the mask.

e Increase the centre frequency in steps of 1 MHz and repeat this measurement for every 1 MHz segment
within the range 2 483,5 MHz to 2 483,5 MHz + BW. The centre frequency of the last 1 MHz segment shall be
set to 2 483,5 MHz + BW - 0,5 MHz (which means this may partly overlap with the previous 1 MHz segment).

Step 3: (segment 2 483,5 MHz + BW to 2 483,5 MHz + 2BW)

e Change the centre frequency of the analyser to 2 484 MHz + BW and perform the measurement for the first
1 MHz segment within range 2 483,5 MHz + BW to 2 483,5 MHz + 2BW. Increase the centre frequency in 1
MHz steps and repeat the measurements to cover this whole range. The centre frequency of the last 1 MHz
segment shall be set to 2 483,5 MHz + 2 BW - 0,5 MHz.

Step 4: (segment 2 400 MHz - BW to 2 400 MHz)

e Change the centre frequency of the analyser to 2 399,5 MHz and perform the measurement for the first 1
MHz segment within range 2 400 MHz - BW to 2 400 MHz Reduce the centre frequency in 1 MHz steps and
repeat the measurements to cover this whole range. The centre frequency of the last 1 MHz segment shall be
set to 2 400 MHz - BW + 0,5 MHz.

Step 5: (segment 2 400 MHz - 2BW to 2 400 MHz - BW)

e Change the centre frequency of the analyser to 2 399,5 MHz - BW and perform the measurement for the
first 1 MHz segment within range 2 400 MHz - 2BW to 2 400 MHz - BW. Reduce the centre frequency in 1
MHz steps and repeat the measurements to cover this whole range. The centre frequency of the last 1 MHz
segment shall be set to 2 400 MHz - 2BW + 0,5 MHz.

Step 6:

e In case of conducted measurements on equipment with a single transmit chain, the declared antenna
assembly gain "G" in dBi shall be added to the results for each of the 1 MHz segments and compared with the
limits provided by the mask given in figures 1 or 3. If more than one antenna assembly is intended for this
power setting, the antenna with the highest gain shall be considered.

e In case of conducted measurements on smart antenna systems (equipment with multiple transmit chains),
the measurements need to be repeated for each of the active transmit chains. The declared antenna
assembly gain "G" in dBi for a single antenna shall be added to these results. If more than one antenna
assembly is intended for this power setting, the antenna with the highest gain shall be considered.
Comparison with the applicable limits shall be done using any of the options given below:

Option 1: the results for each of the transmit chains for the corresponding 1 MHz segments shall be added.
The additional beamforming gain "Y" in dB shall be added as well and the resulting values compared with the
limits provided by the mask given in figures 1 or 3.

Option 2: the limits provided by the mask given in figures 1 or 3 shall be reduced by 10 x log10(Ach) and the
additional beamforming gain "Y" in dB. The results for each of the transmit chains shall be individually
compared with these reduced limits
NOTE: Ach refers to the number of active transmit chains.
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It shall be recorded whether the equipment complies with the mask provided in figure 1 or figure 3.

EUT DESCRIPTION:

Mode: BT Test mode
Test Channel Channel 00(2402MHz), Channel 39(2480MHz)
Modulation: GFSK

MEASUREMENT DESCRIPTION

Instrument: Spectrum Analyzer
Detector: RMS

Sweep time: depending on packet length
Video bandwidth: 3MHz

Resolution bandwidth: | 1IMHz

Span: OHz

Trace: Trigger to burst

Sweep points:

Sweep Time [s]/ (1 ps) or 5 000 whichever is greater

Performed:

Conducted

Radiated (only if no conducted sample is provided)

TEST RESULTS

Note: Cable loss and antenna gain was combined in the calculated result.

Temperature: 25.3°C

Humidity:

56%

Test Engineer: Anna Hu
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Report No.: TZ230604429-BLE
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4.1.8. Transmitter unwanted emissions in the spurious domain
Limit

According to ETSI EN 300 328 V2.2.2(2019-07) 84.3.2.9.3
The transmitter unwanted emissions in the spurious domain shall not exceed the values given in table 4.

Table 1: Transmitter limits for spurious emissions

Maximum power
Frequency Range e.r.p.(<1GHz) Limit when Standby
e.i.r.p.(>1 GHz)
30 MHz to 47 MHz -36 dBm 100 KHz
47 MHz to 74 MHz -54 dBm 100 KHz
74MHz to 87.5 MHz -36 dBm 100 KHz
87.5 MHz to 118 MHz -54 dBm 100 KHz
118 MHz to 174 MHz -36 dBm 100 KHz
174 MHz to 230 MHz -54 dBm 100 KHz
230 MHz to 470 MHz -36 dBm 100 KHz
470 MHz to 694 MHz -54 dBm 100 KHz
694 MHz to 1 GHz -36 dBm 100 KHz
1 GHz to 12.75 GHz -30 dBm 1 MHz

These measurements shall only be performed at normal test conditions.

The level of spurious emissions shall be measured as, either:

a) their power in a specified load (conducted spurious emissions) and their effective radiated power when
radiated by the cabinet or structure of the equipment (cabinet radiation); or

b) their effective radiated power when radiated by cabinet and antenna in case of Integral antenna equipment
with no antenna connectors.

For equipment using FHSS modulation, the measurements may be performed when normal hopping is

disabled. In this case measurements need to be performed when operating at the lowest and the highest
hopping frequency. When this is not possible, the measurement shall be performed during normal operation

(hopping).

For systems using wide band modulations other than FHSS, the measurement shall be performed at the
lowest and the highest channel on which the equipment can operate. These frequencies shall be recorded.

The equipment shall be configured to operate under its worst case situation with respect to output power.
If the equipment can operate with different Nominal Channel Bandwidths (e.g. 20 MHz and 40 MHz), then the

equipment shall be configured to operate under its worst case situation with respect to spurious emissions.

Test Procedure

According to ETSI EN 300 328 V2.2.2 (2019-07) §5.4.9.2.2, Radiated measurement.



[ J
/ Page 34 of 44 Report No.: TZ230604429-BLE

Test Configuration

Effective Radiated Power measurement (30 MHz to 12.75 GHz)

Y

4

Receiving Antenna

Filter Amp
Attenuator

LAAAA

SA Signal
Substitute Generator
Antenna

0
L

eceiving Antenna

Amplifier

T

Attenuator

Fitter

“lasssaaa

Test Results

Temperature: 25.3°C

Humidity: 56%

Test Engineer: Tony Luo
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Fre. (MHz) ANT. Pol. I(:\:jeBsrl#)t (Iaiénni:) I\/I(?jng;n Conclusion
Below 1GHz:
645.87 \% -59.38 -54 5.38 PASS
639.41 H -60.90 -54 6.90 PASS
Above 1GHz:

Test Mode: Low Channel

4804 H -43.50 -30 13.50 PASS
4804 \Y -45.16 -30 15.16 PASS
7206 H -44.36 -30 14.36 PASS
7206 \Y% -43.65 -30 13.65 PASS
9608 H -42.70 -30 12.70 PASS
9608 \% -42.74 -30 12.74 PASS
Test Mode: High Channel
4960 H -39.89 -30 9.89 PASS
4960 \Y% -41.38 -30 11.38 PASS
7440 H -41.37 -30 11.37 PASS
7440 \Y -38.97 -30 8.97 PASS
9920 H -40.57 -30 10.57 PASS
9920 \Y -41.15 -30 11.15 PASS

Note:
1. Cable loss and antenna gain was combined in the calculated result.
2. No record for margin above 20dB.
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4.1.9. Receiver spurious emissions

LIMIT

According to ETSI EN 300 328 V2.2.2 (2019-07) §4.3.2.10.3
The spurious emissions of the receiver shall not exceed the values given in table 5.

Table 2: spurious emission limits for receivers

Frequency Maximum power, e.r.p. Measurement bandwidth
30 MHz to 1 GHz -57 dBm 100 KHz
30 MHz t0 12.75 GHz -47 dBm 1 MHz

Test Procedure

The same as clause 4.1.8

Test Configuration

Effective Radiated Power measurement (30 MHz to 12.75 GHz)

Signal
Substitute Generator
Antenna

% %
||||u- L ‘b

Receiving Antenna

SA

STl

Attenuator

e

L8]
=
u

YAV

“lasssaa

Receiving Antenna

Attenuator

The level of spurious emissions shall be measured as, either:

a) their power in a specified load (conducted spurious emissions) and their effective radiated power when
radiated by the cabinet or structure of the equipment (cabinet radiation); or

b) their effective radiated power when radiated by cabinet and antenna in case of Intergral antenna
equipment withno temporary antenna connectors.
Testing shall be performed when the equipment is in a receive-only mode.
For equipment using wide band modulations other than FHSS, the measurement shall be performed at the
lowest and the highest channel on which the equipment can operate. These frequencies shall be recorded.
For equipment using FHSS modulation, the measurements may be performed when normal hopping is
disabled. In this case measurements need to be performed when operating at the lowest and the highest
hopping frequency. These frequencies shall be recorded. When disabling the normal hopping is not possible,
the measurement shall be performed during normal operation (hopping).

Test Results
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Temperature: 25.3°C
Humidity: 56%
Test Engineer: Tony Luo
Result Limit Margin .
Fre. (MHz) ANT. Pol. (dBm) (dBm) (dB) Conclusion
Below 1GHz:
400.59 Y, -64.34 -57 7.34 PASS
826.67 H -65.56 -57 8.56 PASS
Above 1GHz:
Test Mode: Lowest frequency
1255.27 H -59.58 -47 12.58 PASS
1255.27 Y -56.53 -47 9.53 PASS
2251.41 H -55.29 -47 8.29 PASS
2251.41 \% -59.16 -47 12.16 PASS
Test Mode: Highest frequency
1616.99 H -56.78 -47 9.78 PASS
1616.99 Y, -58.41 -47 11.41 PASS
2382.26 H -59.41 -47 12.41 PASS
2382.26 Y, -59.86 -47 12.86 PASS
Note:

1. Cable loss and antenna gain was combined in the calculated result.
2. No record for margin above 20dB.
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4.1.10. Receiver Blocking

LIMIT

According to ETSI EN 300 328 vV2.2.2 (2019-07) §84.3.2.11.4

While maintaining the minimum performance criteria as defined in clause 4.3.2.11.3, the blocking levels at
specified frequency offsets shall be equal to or greater than the limits defined for the applicable receiver
category provided in table 14, table 15 or table 16.

The minimum performance criterion shall be a PER less than or equal to 10 %. The manufacturer may declare
alternative performance criteria as long as that is appropriate for the intended use of the equipment.

Table 14: Receiver Blocking parameters for Receiver Category 1 equipment

Wanted signal mean power from Blocking signal | Blocking signal Type of
companion device (dBm) frequency power (dBm) blocking
[see notes 1 and 4) (MHz) (see note 4) signal
(-133 dBm + 10 = log,,(OCBW)) or -G8 dBm 5380
whicheveris less 2 504
(see note 2)
2300
(-139 dBm + 10 x log,,(OCBW)) or -74 dBm 2330 34 cw
whichever is less 2 594
(see note 3) 7 584
2674

NOTE 1: OCBW is in Hz.

MNOTE 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 P, + 26 dB where P_,_ 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
ahsence of any blocking signal.

MOTE 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 P, + 20 dB where P_,_ s the minimum level of wanted signal

required to meet the minimum performance criteria as defined in clause 4.3.1.12.3 in the
ahsence of any blocking signal.

MNOTE 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 comected for the
(in-band) antenna assembly gain {3). 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 32 2.

Table 15: Receiver Blocking parameters receiver Category 2 equipment

Wanted signal mean power from Blocking Blocking Type of blocking

companion device (dBm) signal signal power signal
(see notes 1 and 3) frequency (dBm)
{MHz) (see note 3)
(-139 dBm + 10 * log,(OCBW) + 10dB) | 5 o)
or {-74 dBm + 10 dB) whichever is less 21300 -34 CW
(see note 2) 2 534

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 P, + 26 dB where P 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 anienna
assembly gain. In case of conducted measurements, this level has to he 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 5432 2.
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Table 16: Receiver Blocking parameters receiver Category 3 equipment

Wanted signal mean power from Blocking Blocking Type of blocking
companion device (dBm) signal signal power signal
(see notes 1 and 3) frequency (dBm)

(MHz) [see note 3)

(-129 dBm + 10 = log,,(OCBW) + 20 dB) 2 380
or (-74 dBm + 20 dB) whichever is less 2 504 34 CW

(see note 2) 2 300
2 584

MOTE 1: OCBW is in Hz.

MOTE 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 P, + 30 dB where P, 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.

MOTE 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 (FFD) in front of the UUT antenna
with the UUT being configured/positioned as recorded in clause 5.4 3.2 2.

According to ETSI EN 300 328 VV2.2.2 (2019-07) § 4.2.3 Receiver categories

4.2.3.2.1 Receiver category 1

Adaptive equipment with a maximum RF output power greater than 10 dBm e.i.r.p. shall be considered as
receiver category 1 equipment.

4.2.3.2.2 Receiver category 2

Non-adaptive equipment with a Medium Utilization (MU) factor greater than 1 % and less than or equal to 10 %
or adaptive equipment with a maximum RF output power of 10 dBm e.i.r.p. shall be considered as receiver
category 2 equipment.

4.2.3.2.3 Receiver category 3

Non-adaptive equipment with a maximum Medium Utilization (MU) factor of 1 % or adaptive equipment with a
maximum RF output power of 0 dBm e.i.r.p. shall be considered as receiver category 3 equipment.

These measurements shall only be performed at normal test conditions.

For non-frequency hopping equipment, having more than one operating channel, the equipment shall be
tested operating at both the lowest and highest operating channels. Equipment which can change their
operating channel automatically (adaptive channel allocation), and where this function cannot be disabled,
shall be tested as a frequency hopping equipment.

If the equipment can be configured to operate with different Nominal Channel Bandwidths (e.g. 20 MHz and
40 MHz) and different data rates, then the combination of the smallest channel bandwidth and the lowest data
rate for this channel bandwidth which still allows the equipment to operate as intended shall be used. This
mode of operation shall be aligned with the performance criteria defined in clause 4.3.1.12.3 or clause
4.3.2.11.3 as declared by the manufacturer (see clause 5.4.1 t)) and shall be described in the test report.

It shall be verified that this performance criteria as declared by the manufacturer is achieved.

TEST CONFIGURATION
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Variable attenuator Performance
step size < 1dB Monitoring
Device
Signalling Unit
or
Gompanion
Device > | AL I‘ » Splitier L Direct. Coupler o
.| Combiner - ’E—" uut
Blocking Signal
Source
Y
Spectrum
Analyzer
Optional

Figure 6: Test Set-up for receiver blocking

MEASUREMENT DESCRIPTION

According to ETSI EN 300 328 V2.2.2 (2019-07) 85.4.11.2.1, Conducted measurements

Step 1:

* For non-frequency hopping equipment, the UUT shall be set to the lowest operating channel.

Step 2:

» The blocking signal generator is set to the first frequency as defined in the appropriate table corresponding
to the receiver category and type of equipment.

Step 3:

» With the blocking signal generator switched off, a communication link is established between the UUT and
the associated companion device using the test setup shown in figure 6. The attenuation of the variable
attenuator shall be increased in 1 dB steps to a value at which the minimum performance criteria as specified
in clause 4.3.1.12.3 or clause 4.3.2.11.3 is still met. The resulting level for the wanted signal at the input of the
UUT is Pmin.

* This signal level (Pmin) is increased by the value provided in the table corresponding to the receiver
category and type of equipment.

Step 4.

* The blocking signal at the UUT is set to the level provided in the table corresponding to the receiver category
and type of equipment. It shall be verified and recorded in the test report that the performance criteria as
specified in clause 4.3.1.12.3 or clause 4.3.2.11.3 is met.

Step 5:

* Repeat step 4 for each remaining combination of frequency and level for the blocking signal as provided in
the table corresponding to the receiver category and type of equipment.

Step 6:

* For non-frequency hopping equipment, repeat step 2 to step 5 with the UUT operating at the highest
operating channel.
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Temperature:

25.3°C

Humidity:

56%

Test Engineer:

Anna Hu
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4.1.11. Geo-location capability

Definition& Requirements

ETSI EN 300 328 (V2.2.2) Sub-clause 4.3.2.13.2 Definition

Geo-location capability is a feature of the equipment to determine its geographical location with the purpose to
configure itself according to the regulatory requirements applicable at the geographical location where it
operates.

The geo-location capability may be present in the equipment or in an external device (temporary) associated
with the equipment operating at the same geographical location during the initial power up of the equipment.
The geographical location may also be available in equipment already installed and operating at the same
geographical location.

ETSI EN 300 328 (V2.2.2) Sub-clause 4.3.2.13.2 Requirements
The geographical location determined by the FHSS equipment as defined in clause 4.3.1.13.2 shall not be
accessible to the user in a way that would allow the user to alter it.

RESULTS
This equipment does not support Geo-location.
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5. Test Setup Photos of the EUT
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6. External and Internal Photos of the EUT

Reference to the test report No. TZ230604429-RE
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TEST REPORT
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Test Report No. : TZ230604429-EDR .
Date of issue
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Listed Models or A-Z or any character or blank)

Applicant . Shenzhen wanbo Technology Co., Ltd.
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Address Yingrenshi Community, Shiyan Street, Baoan District,
Shenzhen, China

Manufacturer . Shenzhen wanbo Technology Co., Ltd.

- 4th Floor, Building 1, Chuangjian Phase 2 Industrial Park,
Address Yingrenshi Community, Shiyan Street, Baoan District,
Shenzhen, China

Test Result: PASS

The test report merely corresponds to the test sample.
It is not permitted to copy extracts of these test result without the written permission of the test
laboratory.
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1. TEST STANDARDS

The tests were performed according to following standards:

ETSI EN 300 328 V2.2.2 (2019-07) —Wideband transmission systems;Data transmission equipment operating
in the 2,4 GHz ISM band and using wide band modulation techniques; Harmonised Standard covering the
essential requirements of article 3.2 of Directive 2014/53/EU
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2. SUMMARY
2.1. General Remarks
Date of receipt of test sample 2023/6/5
Testing commenced on 2023/6/5
Testing concluded on 2023/7/25

2.2. Product Description
The Shenzhen wanbo Technology Co., Ltd.’s Model: WPB21 or 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.

Report No.: TZ230604429-EDR

Name of EUT

Wanbo Projector

Model(s) Number

WPB21

List Models

New T2,New T2 Max,T2 Max,T2 Max New,WPB2*(“*’=0-9 or A-Z or any
character or blank)

Difference descrption

All the same except for the model name and Color of appearance

Hardware version

WB_T2 V1.0

Software version

V1.0

Antenna Type

Integral

Wireless
Type

Working Frequency

Modulation Type

Version

Bluetooth

2402MHz-2480MHz

EDR: GFSK,8DPSK,m/4DQPSK
BLE: GFSK

5.0

WLAN(2.4G)

IEEE 802.11b:2412-2472MHz
IEEE 802.119:2412-2472MHz
IEEE 802.11n HT20:2412-2472MHz
IEEE 802.11n HT40: 2422-2462MHz

|EEE 802.11b:
DSSS(CCK,DQPSK,DBPSK)
|EEE 802.11g:

OFDM(64QAM, 16QAM, QPSK,
BPSK)

|EEE 802.11n HT20:

OFDM (64QAM, 16QAM,
QPSK,BPSK)

IEEE 802.11n HT40: OFDM
(64QAM, 16QAM, QPSK,BPSK)

WLAN(5G)

5180MHz to 5320MHz
5745MHz to 5825MHz

IEEE 802.11n :OFDM (64QAM,
16QAM, QPSK,BPSK)

IEEE 802.11a:0FDM (64QAM,
16QAM, QPSK,BPSK)

IEEE 802.11ac: OFDM
(256QAM, 64QAM, 16QAM,
QPSK, BPSK)
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2.3. Equipment Under Test
Power supply system utilised

Power supply voltage ;| O] 230V/ 50 Hz O |120V/60Hz

0|12V DC 0|24V DC

@ | Other (specified in blank below)

DC 19V by adpater
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Description of the test mode
79 channels are provided to the EUT.

Channel Frequency(MHz) Channel Frequency(MHz)
00 2402 40 2442
01 2403 41 2443
02 2404 42 2444
03 2405 43 2445
04 2406 44 2446
05 2407 45 2447
06 2408 46 2448
07 2409 47 2449
08 2410 48 2450
09 2411 49 2451
10 2412 50 2452
11 2413 51 2453
12 2414 52 2454
13 2415 53 2455
14 2416 54 2456
15 2417 55 2457
16 2418 56 2458
17 2419 57 2459
18 2420 58 2460
19 2421 59 2461
20 2422 60 2462
21 2423 61 2463
22 2424 62 2464
23 2425 63 2465
24 2426 64 2466
25 2427 65 2467
26 2428 66 2468
27 2429 67 2469
28 2430 68 2470
29 2431 69 2471
30 2432 70 2472
31 2433 71 2473
32 2434 72 2474
33 2435 73 2475
34 2436 74 2476
35 2437 75 2477
36 2438 76 2478
37 2439 77 2479
38 2440 78 2480
39 2441

2.4. Description of the EqQuipment under Test (EUT)

Reference documents:

Bluetooth® Core Specification

Special test descriptions:

None

Configuration descriptions:

TX tests: were performed with x-DH5 packets and static PRBS pattern payload.

RX/Standby tests: BT test mode enabled, scan enabled, TX Idle

Test mode:

[X|Bluetooth Test mode loop back enabled (EUT is controlled over CMW500)

[ |Special software is used. EUT is transmitting pseudo random data by itself

Bluetooth standard
capabilities:

7_9 channels FHSS

channel separation 1 MHz

used freq. range 2402-2480 MHz

Modulation types: GFSK, /4 DQPSK, 8DPSK

Bandwidth appr. 1IMHz, 1,5 MHz, 1.5 MHz for single hop frequency

number of hopping channels > 15 all the time

more than 70% of band used with more than 20 channels
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2.5. EUT Classification:
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X stand alone equipment
Type of equipment: [ ] plug in radio equipment
[ ] combined equipment
Modulation types: [ ] Wide Band Modulation (None Hopping — e.g. DSSS, OFDM)
) X Frequency Hopping Spread Spectrum (FHSS)
X Yes, LBT-based
Adaptive equipment: = Yes, non-LBT-baged
) L | Yes (but can be disabled)
[ ] No
Operating mode 1 (single antenna)
Equipment with 1 antenna,
Equipment with 2 diversity antennas operating in switched
X diversity mode by which at any moment in time only 1 antenna is
used,
Smart antenna system with 2 or more transmit/receive chains, but
operating in a mode where only 1 transmit/receive chain is used)
Antennas and transmit operating Ope_rating mode 2 _(mul_tiple _antennas, no bgamforming)
modes: H Equipment operating in this mo_de contains a smart antenna
system using two or more transmit/receive chains simultaneously
but without beamforming.
Operating mode 3 (multiple antennas, with beamforming)
Equipment operating in this mode contains a smart antenna
0 system using two or more transmit/receive chains simultaneously
with beamforming. In addition to the antenna assembly gain (G),
the beamforming gain (Y) may have to be taken into account
when performing the measurements.

2.6. EUT configuration

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

@ - supplied by the manufacturer

O - supplied by the lab

O| Computer Manufacture : ASUS
Model No.: X454L

O| AOC Monitor Manufacture : FuJianJieLian
Model No.: 280LM00003
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2.7. Internal Identification of EUT used during the test

Report No.: TZ230604429-EDR

. SN or : . . Type of
EUT ID IMEI HW Version SW Version Date of receipt Test
TZ7230604429-1# N/A WB T2 V1.0 V1.0 2023/6/5 Radio
TZ7230604429-2# N/A WB T2 V1.0 V1.0 2023/6/5 EMC

2.8. Modifications

No modifications were implemented to meet testing criteria.

2.9. NOTE
Function Test Standards Reference Report
ETSI EN 301 489-1 V2.2.3 (2019-11)
ETSI EN 301 489-3 V2.1.1 (2019-03)
ETSI EN 301 489-17 V3.2.4 (2020-09)
EMC EN55032:2015+A11:2020 TZ230604429-RE
EN55035:2017+A11:2020
EN IEC 61000-3-2:2019
EN61000-3-3:2013+A1:2019
Bluetooth
BDR+EDR ETSI EN 300 328 V2.2.2 (2019-07) TZ230604429-EDR
BLE ETSI EN 300 328 V2.2.2 (2019-07) TZ230604429-BLE
ETSI EN 300 328 VV2.2.2 (2019-07) TZ230604429-WLAN1
WLAN ETSI EN 301 893 vV2.1.1 (2017-05) TZ230604429-WLAN2
ETSI EN 300 440 VvV2.2.1 (2018-07) TZ2230604429-WLAN3
EN62311:2008
EMF EN50665:2017 TZ230604429-EMF
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3. TEST ENVIRONMENT

3.1. Address of the test laboratory

Shenzhen Tongzhou Testing Co.,Ltd
1th Floor, Building 1, Haomai High-tech Park, Huating Road 387, Dalang Street, Longhua, Shenzhen, China

The sites are constructed in conformance with the requirements of ANSI C63.7, ANSI C63.4 (2014) and
CISPR Publication 22.

3.2. Environmental conditions

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

Normal Temperature: 25 °C
High Temperature: 40°C
Low Temperature: -10°C
Normal Voltage: DC 19V
High Voltage/HV: DC 21.9V
Low Voltage/LV: DC 17.1V
Relative Humidity: 55 %

Air Pressure: 989 hPa

3.3. Test Description

3.3.1. Main Terms

Verdict Verdict of each test cases.
Test Case Test cases identification number and description in ETSI specification.

3.3.2. Terms used in Condition column

NTC Normal voltage, Normal Temperature
HTHV High voltage, High Temperature
LTHV High voltage, Low Temperature
HTLV Low voltage, High Temperature
LTLV Low voltage, Low Temperature

3.3.3. Terms used in Verdict column

Pass This test cases has been tested, and EUT is conformant to the applied standards in
the given frequency band.

Fall This test cases has been tested, but EUT is not conformant to the applied standards
in the given frequency band.

N/A This test case is either not required/not applicable in the specified band or is not
applicable according to the specific PICS/PIXIT for the EUT.

Inc Test case result is ambiguous in the given frequency band.

Decl Declaration is received from the client to demonstrate the conformity to the relevant
specification in the given frequency band.

BR This test cases is not tested in the given frequency band, but this testcases was

tested with pass result for the initial model in the given frequency band.
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3.3.4. Sumarry of measurement results

X No deviations from the technical specifications were ascertained
] There were deviations from the technical specifications ascertained
= Test
Specification Test Case - Mode Pass Fail N/A NP Remark
Condition
Clause
NTC GFSK X ; ; ;
54.2 RF output power LT DS#SK X — — —
HT 8 DPSK X [l [l [l
Duty Cycle,Tx-
5.4.2 sequence, Tx- NTC Il ] X ]
gap
Dwell time, min GFSK
544 Freq.Occupation NTC /4 X [ [ [
o and Hopping DQPSK
sequence 8 DPSK
GFSK
Hopping 4
545 Separation NTC DQPSK X O O O
8 DPSK
Medium
54.2 Utilisation NTC [ [ X O
Adaptivity, Short GFSK
Control /4
5.4.6 Signalling NTC DQPSK [ [ X [
Transmissions 8 DPSK
Occupied GT[T:ZK
5.4.7 Channel NTC X O Il ]
Bandwidth DQPSK
8 DPSK
el e e e e
emissions in the LT /4 O O X O
5.4.8 out-of-band DQPSK
domain HT 8 DPSK ] ] X ]
Transmitter
unwanted GFSK
emissions in the /4
54.9 spurious domain NTC DQPSK X O O O
(conducted & 8 DPSK
radiated)
Rece_\lver GESK
spurious /4
5.4.10 emissions NTC X ] ] ]
DQPSK
(conducted & 8 DPSK
radiated)
Receiver
5.4.11 Blocking NTC X ] ] ]

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

Note 1: These requirements apply to hon-adaptive equipment or to adaptive equipment when operating in a
non-adaptive mode. These requirements do not apply for equipment with a maximum declared RF Output
power level of less than 10 dBm e.i.r.p.

Note 2: This requirement does not apply to non-adaptive equipment or adaptive equipment operating in a
non-adaptive mode. These requirements do not apply for equipment with a maximum declared RF Output
power level of less than 10 dBm e.i.r.p.
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3.4. 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 ETSI TR 100 028-1 [1], ETSI TS 103 051 [2]
and ETSI TS 103 052 [3] and shall correspond to anexpansion factor (coverage factor) k = 1,96 or k = 2
(which provide confidence levels of respectively 95 % and 95,45 %in the case where the distributions
characterizing the actual measurement uncertainties are normal (Gaussian)).and is documented in the
Shenzhen Tongzhou Testing Co.,Ltd quality system acc. to DIN EN ISO/IEC 17025. Furthermore, component
and process variability of devices similar to that tested may result in additional deviation. The manufacturer
has the sole responsibility of continued compliance of the device

Hereafter the best measurement capability for Shenzhen Tongzhou Testing Co.,Ltdis reported:

No. Iltem Uncertainty
1 Occupied Channel Bandwidth +3.6dB
2 RF power,conducted +0.16dB
3 Power Spectral Density, conducted +1.3dB
4 Unwanted Emissions, conducted +1.3dB
5 All emissions, radiated +4.7dB
6 Temperature +0.5°C
7 Humidity 2%
8 DC and low frequency voltages +1.5%
9 Time +1.0%
10 Duty Cycle +3.0%
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3.5. Equipments Used during the Test

Report No.: TZ230604429-EDR

Conducted Method

ltem Test Equipment Manufacturer Model No. Serial No. CellbrEitgy Cellierziion B
Date Date
1 MXA Signal Keysight N9020A MY52091623 2022112/28 | 2023/12/27
Analyzer
2 Signal Generator Keysight N5182A MY4620709 2022/12/28 2023/12/27
3 Signal Generator R&S SMLO3 102924/0013 2022/12/28 2023/12/27
4 Power Sensor Agilent U2021XA MY5365004 2022/12/28 2023/12/27
5 Power Meter Agilent U2531A TW53323507 2022/12/28 2023/12/27
6 Climate Chamber KRUOMR KRM-1000 KRM16072901 2022/12/28 2023/12/27
Wideband Radio
7 Communication R&S CMW500 101855 2022/12/28 2023/12/27
Tester
8 Test Software Tonscend JS1120-3 V2.5.77.0418 -- --
Radiated Method
Item Test Equipment Manufacturer Model No. Serial No. Cellbrziion Cellbrziion
Date Due Date
1 Wideband Antenna schwarzbeck VULB 9163 958 2022/11/13 2025/11/12
2 Horn Antenna schwarzbeck o 01989 202211113 |  2025/11/12
3 EMI Test Receiver R&S ESCI 100849/003 2022/12/28 2023/12/27
4 Controller MF MF7802 N/A N/A N/A
5 Amplifier schwarzbeck BBV 9743 209 2022/12/28 2023/12/27
i TSAMP-
6 Amplifier Tonscend 0518SE -- 2022/12/28 2023/12/27
7 RF Cable HUBER+SUHNER RG214 N/A 2022/12/28 2023/12/27
8 MXA Signal Keysight N9020A MY52091623 2022/12/28 | 2023/12/27
Analyzer
9 Horn Antenna ETS 3117 00218874 2022/11/13 2025/11/12
10 Wideband Antenna Sunol JB3 A020115 2022/7/3 2025/7/2
11 Test Software Tonscend JS36-RSE V1.0.2.0 -- --
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4. TEST CONDITIONS AND RESULTS

4.1. ETSI EN 300 328 REQUIREMENTS
4.1.1. RF Output Power

LIMIT

ETSI EN 300 328 (V2.2.2) 84.3.1.2.2,

The RF output power for FHSS equipment shall be equal to or less than 20 dBm.

NOTE: For Non-adaptive FHSS equipment, the manufacturer may have declared a reduced RF Output Power
(see

clause 5.4.1 m)) and associated Duty Cycle (see clause 5.4.1 e)) that will ensure that the equipment meets
the requirement for the Medium Utilization (MU) factor further described in clause 4.3.1.6. This is

verified by the conformance test referred to in clause 4.3.1.6.4.

For non-adaptive FHSS equipment, where the manufacturer has declared an RF output power lower than 20
dBm

e.i.r.p., the RF output power shall be equal to or less than that declared value.

This limit shall apply for any combination of power level and intended antenna assembly.

TEST CONFIGURATION

H & T Chamber

1.5m cogxial cable
Power Test Set  [~———==fssesnsssss EUT

1.2m pl;‘)wer cable

DC Power Supply

TEST PROCEDURE

According to ETSI EN 300 328 V2.2.2 (2019-07) §5.4.2.2.1, conducted method.



[
/ Page 16 of 53 Report No.: TZ230604429-EDR

EUT DESCRIPTION:

Mode: BT Test mode

Hopping: On

Packet Type: Longest supported
Modulation: GFSK, I1/4 DQPSK, 8DPSK

MEASUREMENT DESCRIPTION

Instrument: Power Meter measuring burst Power(EMS) of a least 10 packets
Performed: ] Conducted
) | Radiated (only if no conducted sample is provided)

TEST RESULTS

Temperature: 25.3°C
Humidity: 56%

Test Engineer: Anna Hu
Test Condition TestMode Antenna Channel EIRP[dBm] Limit[dBm] Verdict
DH5 Antl Hop 5.57 20 PASS
NTNV 2DH5 Antl Hop 4.38 20 PASS
3DH5 Antl Hop 4.55 20 PASS
DH5 Antl Hop 5.72 20 PASS
LTNV 2DH5 Antl Hop 4.51 20 PASS
3DH5 Antl Hop 4.56 20 PASS
DH5 Antl Hop 5.68 20 PASS
HTNV 2DH5 Antl Hop 4.39 20 PASS
3DH5 Antl Hop 4.56 20 PASS

Note :Cable loss and antenna gain was combined in the calculated result.
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4.1.2. Duty Cycle,TX-sequence, TX-gap

LIMIT

ETSI EN 300 328 V2.2.2 (2019-07) Sub-clause 4.3.1.3
Non-adaptive FHSS equipment shall comply with the following:

. The Duty Cycle shall be equal to or less than the maximum value declared by the manufacturer.
. The maximum Tx-sequence time shall be 5 ms.
. The minimum Tx-gap time shall be 5 ms.

NOTE: For Non-adaptive FHSS equipment, the manufacturer may have declared a reduced RF Output Power
(see clause 5.4.1 m)) and associated Duty Cycle (see clause 5.4.1 e)) that will ensure that the equipment
meets the requirements for the Medium Utilization (MU) factors further described in clause 4.3.1.6. This is
verified by the conformance test referred to in clause 4.3.1.6.4.

TEST PROCEDURE

Please refer to ETSI EN 300 328 (V2.2.2) Sub-clause 5.4.2.2.1.3

For equipment using FHSS modulation, the measurements shall be performed during normal operation
(hopping) and the equipment is assumed to have no blacklisted frequencies (operating on all hopping
positions). These requirements apply to non-adaptive frequency hopping equipment or to adaptive frequency
hopping equipment operating in a hon-adaptive mode.and only to be performed at normal environmental
conditions, shall be as follows:

Step 1:

*» Use the same stored measurement samples from the procedure described in clause 5.4.2.2.1.2.

» The start and stop times are defined as the points where the power is at least 30 dB below the highest value
of the stored samples. In case of insufficient dynamic range, the value of 30 dB may need to be reduced
appropriately.

Step 2:

» Between the saved start and stop times of each individual burst, calculate the TxOn time. Save these TxOn
values.

Step 3:

* Duty Cycle (DC) is the sum of all TxOn times between the end of the first gap (which is the start of the first
burst within the observation period) and the start of the last burst (within this observation period) divided by
the observation period. The observation period is defined in clause 4.3.1.3.2 or clause 4.3.2.4.2.

Step 4.

* For equipment using blacklisting, the TxOn time measured for a single (and active) hopping frequency shall
be multiplied by the number of blacklisted frequencies. This value shall be added to the sum calculated in step
3 above. If the number of blacklisted frequencies cannot be determined, the minimum number of hopping
frequencies (N) as defined in clause 4.3.1.4.3 shall be assumed.

» The calculated value for Duty Cycle (DC) shall be recorded in the test report. This value shall be equal to or
less than the maximum value declared by the manufacturer.

Step 5:

* Use the same stored measurement samples from the procedure described in clause 5.4.2.2.1.2.

« Identify any TxOff time that is equal to or greater than the minimum Tx-gap time as defined in clause
4.3.1.3.3 or clause 4.3.2.4.3. These are the potential valid gap times to be further considered in this procedure.
« Starting from the second identified gap, calculate the time from the start of this gap to the end of the
preceding gap. This time is the Tx-sequence time for this transmission. Repeat this procedure until the last
identified gap within the observation period is reached.

» A combination of consecutive Tx-sequence times and Tx-gap times followed by a Tx-gap time, which is at
least as long as the duration of this combination, may be considered as a single Tx-sequence time and in
which case it shall comply with the limits defined in clause 4.3.1.3.3 or clause 4.3.2.4.3.

« It shall be noted in the test report whether the UUT complies with the limits for the maximum Tx-sequence
time and minimum Tx-gap time as defined in clause 4.3.1.3.3 or clause 4.3.2.4.3.

EUT DESCRIPTION:

Mode: BT Testmode

Test Channel Channel 00(2402MHz),Channel 39(2441MHz),Channel 78(2480MHz)

Modulation: GFSK, I1/4 DQPSK
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MEASUREMENT DESCRIPTION

Instrument: Power Meter measuring average burst Power of a least 10 packets
Performed: Z Conducted
) | Radiated (only if no conducted sample is provided)

TEST RESULTS

This requirement do not apply for equipment with a maximum declared RF Output power level of less than 10
dBm e.i.r.p. or for equipment when operating in a mode where the RF Output power is less than 10 dBm
e.i.r.p. So This requirement do not apply for EUT
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4.1.3. Dwell time, Min. Freqg. Occupation and Hopping Sequence

LIMIT

According to ETSI EN 300 328 V2.2.2 (2019-07) §4.3.1.4.3

DWELL TIME
Condition Limit
] Non-adaptive frequency <15 ms in any [15 ms * the minimum number of hopping
hopping systems frequencies (N)] time domain
X] Adaptive frequency hopping <400 ms in any [400 ms * the minimum number of
systems hopping frequencies (N)] time domain

MINIMUM FREQUENCY OCCUPATION TIME

Condition Limit

Option 1:Each hopping frequency of the hopping

sequence shall be occupied at least once within a period

notexceeding four times the product of the dwell time and

the number of hopping frequencies in use.

[X] Adaptive frequency hopping |Option 2:The occupation probability for each frequency
systems shall be between ((1/ U) x 25 %) and 77 % where U is the

number of hopping frequencies in use.

HOPPING SEQUENCE (S)

[] Non-adaptive frequency
hopping systems

Condition Limit
(] Non-adaptive frequency 215 hopping frequencies or 15/minimumHopping
hopping systems Frequency Separation (MHz) whichever is greater.

Operating over a minimum of 70% of the Operating in the

[X] Adaptive frequency hopping band 2.4 GHz to 2.4835 GHz

systems 215 hopping frequencies or 15/minimum
Hopping Frequency Separation (MHz) whichever
is greater.

TEST PROCEDURE

According to ETSI EN 300 328 V2.2.2 (2019-07) 85.4.4.2.1 Conducted measurements.
Dwell time test procedure:

Step 1:

*The output of the transmitter shall be connected to a spectrum analyzer or equivalent.
*The analyzer shall be set as follows:

- Centre Frequency: Equal to the hopping frequency being investigated

- Frequency Span: 0 Hz

- RBW: 1MHz (~ 50 % of the Occupied Channel Bandwidth)

- VBW: 3MHz ( 2 RBW)

- Detector Mode: RMS

- Sweep time: 10ms

- Number of sweep points: 30 000

- Trace mode: Clear / Write

- Trigger: Free Run

Step 2:

- Record the value of dwell time, repeat with different DH.

Minimum frequency occupation time and AccumulatedDwell Time

Step 1:

*The output of the transmitter shall beconnected to a spectrum analyzer or equivalent
*The analyzer shall be set as follows:

- Centre Frequency: Equal to the hopping frequency being investigated

- Frequency Span: 0 Hz

- RBW: 1MHz (~ 50 % of the Occupied Channel Bandwidth)
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- VBW: 3MHz ( = RBW)
- Detector Mode: RMS
- Sweep time: Equal to the Dwell Time x Minimum number of hopping frequencies (N)
(see clause 4.3.1.4.3.1 orclause 4.3.1.4.3.2)
- Number of sweep points: 30 000
- Trace mode: Clear / Write
- Trigger: Free Run
Step 2:
*Save the trace data to a file for further analysis by a computing device using an appropriate software
application or program.
Step 3:
Indentify the data points related to the frequency being investigated by applying a threshold.
The data points resulting from transmissions on the hopping frequency being investigated are assumed to
havemuch higher levels compared to data points resulting from transmissions on adjacent hopping
frequencies. If aclear determination between these transmissions is not possible, the RBW in step 1 shall
be further reduced. Inaddition, a channel filter may be used.
*Count the number of data points identified as resulting from transmissions on the frequency being
investigatedand multiply this number by the time difference between two consecutive data points.
Step 4.
*The result in step 3 is the Accumulated Transmit Time which shall comply with the limit provided in
clause 4.3.1.4.3.1 or clause 4.3.1.4.3.2 and which shall be recorded in the test report.
Step 5:
NOTE 1: This step is only applicable for equipment implementing Option 1 in clause 4.3.1.4.3.1 or
clause 4.3.1.4.3.2 for complying with the Frequency Occupation requirement and the manufacturer
decides to demonstrate compliance with this requirement via measurement.
*Make the following changes on the analyser and repeat step 2 and step 3.
Sweep time: 4 x Dwell Time x Actual number of hopping frequencies in use
The hopping frequencies occupied by the equipment without having transmissions during the dwell time
(blacklisted frequencies) should be taken into account in the actual number of hopping frequencies in use.
Ifthis number cannot be determined (number of blacklisted frequencies unknown) it shall be assumed that
theequipment uses the maximum possible number of hopping frequencies.
*The result shall be compared to the limit for the Frequency Occupation defined in clause
4.3.1.4.3.1,0ptionl or clause 4.3.1.4.3.2,0ption1. The result of this comparison shall be recorded in the
test report.
Step 6:
*Make the following changes on the analyzer:
- Start Frequency: 2 400 MHz
- Stop Frequency: 2 483,5 MHz
- RBW: 500KHz [ ~ 50 % of the Occupied Channel Bandwidth (single hop)]
- VBW: 2MHz (= RBW)
- Detector Mode: Peak
- Sweep time: 1s; this setting may result in long measuring times. To avoid such long measuring
times, an FFT analyser may be used
-Number of sweep points: ~ 400 / Occupied Channel Bandwidth (MHz); the number of sweep points
may need to be further increased in case of overlapping channels
- Trace Mode: Max Hold
- Trigger: Free Run
*Wait for the trace to stabilize. Identify the number of hopping frequencies used by the hopping
sequence.The result shall be compared to the limit (value N) defined in clause 4.3.1.4.3.1 or clause
4.3.1.4.3.2. This value shall be recorded in the test report.
For equipment with blacklisted frequencies, it might not be possible to verify the number of hopping
frequencies in use. However they shall comply with the requirement for Accumulated Transmit Time and
Frequency Occupation assuming the minimum number of hopping frequencies (N) defined in
clause 4.3.1.4.3.1 or clause 4.3.1.4.3.2 is used.
Step 7:
« For adaptive frequency hopping equipment, it shall be verified whether the equipment uses 70 % of the
band specified in table 1. This verification can be done using the lowest and highest -20 dB points from
the total spectrum envelope obtained in step 6. The result shall be recorded in the test report.
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TEST RESULTS

Temperature: 25.3°C
Humidity: 56%
Test Engineer: Anna Hu

Accumulated Transmit Time

TestMode Antenna Channel Result [ms] Limit[ms] Verdict
Hop_2402 306.539 400 PASS
DHS Antl Hop_2480 344.462 400 PASS
Hop_2402 294.952 400 PASS
2DHS Antl Hop_2480 338.141 400 PASS
Hop_2402 327.607 400 PASS
3DHS Antl Hop_2480 325.501 400 PASS

Frequency Occupation

TestMode Antenna Channel Result [Num.] Limit [Num.] Verdict
Hop_2402 6 1 PASS

DHS Ant1 Hop_2480 1 1 PASS
Hop_2402 2 1 PASS

2DHS Antt Hop_2480 4 1 PASS
Hop_2402 3 1 PASS

3DHS5 Antt Hop_2480 2 1 PASS

Note: 1, The Minimum frequency occupation time observe is a period of 4*Dwell time*Hopping frequency
2, The Minimum Frequency Occupation Time shall be equal to one dwell time within a period not
exceeding four timesthe product of the dwell time per hop and the number of hopping frequencies in use.

Hopping Sequence

TestMode Antenna Channel Hop. [Num ] LimitfNum.] Band Use [%] Limit [%] Verdict
DH5 Antl Hop 79 15 95.20 70 PASS
2DH5 Antl Hop 79 15 95.53 70 PASS
3DH5 Antl Hop 79 15 95.62 70 PASS
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4.1.4. Hopping Frequency Separation

LIMIT

ETSI EN 300 328 V2.2.2 (2019-07) 4.3.1.5.3.2:
Adaptive frequency hopping systemsThe minimum Hopping Frequency Separation shall be 100 kHz.

TEST PROCEDURE

According to ETSI EN 300 328 vV2.2.2 (2019-07) 85.4.5.2.1.3,0ption 2, conducted method.

Step 1:

*The output of the transmitter shall be connected to a spectrum analyzer or equivalent.

*The analyzer shall be set as follows:

- Centre Frequency: Centre of the two adjacent hopping frequencies

- Frequency Span: Sufficient to see the complete power envelope of both hopping frequencies

- RBW: 30 KHz (1 % of the Span)

- VBW: =(3 x RBW)

- Detector Mode: Max Peak

- Trace Mode: Max Hold

- Sweep Time: Auto

Step 2:

*Wait for the trace to stabilize.

*Use the marker-delta function to determine the Hopping Frequency Separation between the peaks of the
twoadjacent hopping frequencies. This value shall be compared with the limits defined in clause 4.3.1.4.2
andshall be recorded in the test report.

EUT DESCRIPTION:

Mode: BT Testmode

Hopping: On

Packet Type: Longest supported
Modulation: GFSK, I1/4 DQPSK, 8DPSK

MEASUREMENT DESCRIPTION

Instrument: Spectrum Analyzer
Detector: Max Peak
Sweep time: auto
Video bandwidth: 60 KHz
Resolution bandwidth: | 20 KHz
Span: 3 MHz
Trace: Max hold
. B Conducted
Performed: [ ] Radiated (only if no conducted sample is provided)
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TEST RESULTS

Report No.: TZ230604429-EDR

Temperature: 25.3°C
Humidity: 56%
Test Engineer: Anna Hu
TestMode Antenna Channel Result [MHZz] Limit[MHz] Verdict
DH5 Antl Hop 1.204 0.100 PASS
2DH5 Antl Hop 1.000 0.100 PASS
3DH5 Antl Hop 0.79 0.100 PASS
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Test Graphs
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4.1.5. Medium Utilisation (MU) factor

LIMIT

ETSI EN 300 328 V2.2.2 (2019-07) Sub-clause 4.3.2.5.3

For non-adaptive equipment using wide band modulations other than FHSS, the maximum Medium Utilization
factor shall be 10 %.

This requirement does not apply to adaptive equipment unless operating in a non-adaptive mode. In addition,
this requirement does not apply for equipment with a maximum declared RF Output power level of less than
10 dBm e.i.r.p. or for equipment when operating in a mode where the RF Output power is less than 10 dBm
e.i.r.p.

TEST PROCEDURE

Please refer to ETSI EN 300 328 V2.2.2 (2019-07) Sub-clause 5.4.2.2.1.4

Step 1:

* Use the same stored measurement samples from the procedure described in clause 5.4.2.2.1.2.

Step 2:

* For each burst calculate the product of (Pburst / 100 mW) and the TxOn time. Pburst is expressed in mW.
TxOn time is expressed in ms.

Step 3:

* Medium Utilization is the sum of all these products divided by the observation period (expressed in ms)
which is defined in clause 4.3.1.3.2 or clause 4.3.2.4.2. This value, which shall comply with the limit given in
clause 4.3.1.6.3 or clause 4.3.2.5.3, shall be recorded in the test report.

If operation without blacklisted frequencies is not possible, the power of the bursts on blacklisted hopping
frequencies (for the calculation of the Medium Utilization) is assumed to be equal to the average value of the
RMS power of the bursts on all active hopping frequencies.

EUT DESCRIPTION:

Mode: BT Test mode
Test Channel Channel 00(2402MHz),Channel 39(2441MHz),Channel 78(2480MHz)
Modulation: GFSK, I1/4 DQPSK, 8DPSK

MEASUREMENT DESCRIPTION

Instrument: Power Meter measuring average burst Power of a least 10 packets
Performed: X Conducted
' [] Radiated (only if no conducted sample is provided)

TEST RESULTS

Not Applicable according to ETSI EN 300 328 V2.2.2 (2019-07) Sub-clause 4.3.1.6.1

This requirement does not apply to adaptive equipment unless operating in a non-adaptive mode.

In addition, this requirement does not apply for equipment with a maximum declared RF Output power level of
less than 10 dBm e.i.r.p. or for equipment when operating in a mode where the RF Output power is less than
10 dBm e.i.r.p.
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4.1.6. Adaptivity (Adaptive Frequency Hopping)

LIMIT

Report No.: TZ230604429-EDR

Requirement

Type

Adaptive Frequency Hopping
using LBT based DAA

Adaptive Frequency Hopping
using other forms of DAA (non-

LBT based)
. At least of Max(18 us,
Minimum Clear Channel 0.2% of COT) N/A
Assessment (CCA) Time
(Note 1)
Maximum Channel Occupancy 2.0mS,ptea to 60ms/Dwell time 40 ms
(COT) Time (Note 3)
0,
Minimum Idle Period 5% of COT ancl"os(;’lfsu'd longer then | 1 |east 5% of COT and 100 1's

Extended CCA check

(CCA, 5% of COT)

N/A

Short Control Signaling
Transmissions

Short Control Signalling Transmissions shall have a maximum TxOn /

(TxOn + TxOff) ratio of 10 % within any observation period of 50 ms or

within an observation period equal to the dwell time, whichever is less.
(Note 2)

Note 1: The CCA time used by the equipment shall be declared by the supplier.

Note 2: Adaptive equipment may or may not have Short Control Signaling Transmissions.

Note 3: For LBT based adaptive frequency hopping equipment with a dwell time < 60 ms, the maximum
Channel Occupancy Time is limited by the dwell time.
Note 4: acrroding to 4.3.1.7.2.2 3)of ETSI EN 300 328 V2.1.1, the 5% of COT should longer then 100us, so
the minimum COT should longer then 2.0ms.
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Wanted signal mean power from companion device:
TL =-70 dBm/MHz + 10 x log10 (100 mW / Py, (Poutin mW e.i.r.p.)

Unwanted Signal parameters

Wanted signal mean power Maximum transmit power (PH)
from companion device EIRP mW Mnesinalel Leve (L)
sufficient to maintain the link 2 395 or 2 488,5 -35
(see note 2) (see note 1) (see note 3)

NOTE 1: The highest frequency shall be used for testing operating channels within the range 2 400 MHz to 2
442 MHz, while the lowest frequency shall be used for testing operating channels within the range 2 442 MHz
to 2 483,5 MHz. See clause 5.4.6.1.

NOTE 2: A typical value which can be used in most cases is -50 dBm/MHz.

NOTE 3: The level specified is the level in front of the UUT antenna. In case of conducted measurements,
this level has to be corrected by the actual antenna assembly gain.

TEST CONFIGURATION

Spectrum
1.5m Analyzer
0.2m
UUT o| Splitter/ 0-3m 1.0m | Companion
" Combiner Direct. Coupler Device
- » ATT.
1.0m L J
1.0m Signal
1 om Generator
(Interferer)
spitter [
Combiner —
Signal
Generator
Note: all cable is coaxial cable in this test 1.0m (Blocker)

Figure 5: Test set-up for verifying the adaptivity of an equipment

MEASUREMENT DESCRIPTION

According to ETSI EN 300 328 V2.2.2 (2019-07) 85.4.6.2.1.2, Conducted measurements

Step 1 to step 7 below define the procedure to verify the efficiency of the DAA based adaptive mechanisms for
frequency hopping equipment. These mechanisms are described in clause 4.3.1.7.

For systems using multiple receive chains only one chain (antenna port) need to be tested. All other receiver
inputs shall be terminated.

Step 1:

» The UUT shall connect to a companion device during the test. The interference signal generator, the
unwanted signal generator, the spectrum analyser, the UUT and the companion device are connected using a
set-up equivalent to the example given by figure 5, although the interference and unwanted signal generators
do not generate any signals at this point in time. The spectrum analyser is used to monitor the transmissions
of both the UUT and the companion device and it should be possible to distinguish between either
transmission. In addition, the spectrum analyser is used to monitor the transmissions of the UUT in response
to the interfering and the unwanted signals.

* For the hopping frequency to be tested, adjust the received signal level (wanted signal from the companion
device) at the UUT to the value defined in table 2 and table 3 (clause 4).

Testing of Unidirectional equipment does not require a link to be established with a companion device.

» The analyser shall be set as follows:

- RBW: use next available RBW setting below the measured Occupied Channel Bandwidth

- Filter type: Channel Filter

- VBW: = RBW

- Detector Mode: RMS

- Centre Frequency: Equal to the hopping frequency to be tested
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- Span: 0 Hz

- Sweep time: > Channel Occupancy Time of the UUT. If the Channel Occupancy Time is

non-contiguous (non-LBT based equipment), the sweep time shall be sufficient to

cover the period over which the Channel Occupancy Time is spread out

- Trace Mode: Clear/Write

- Trigger Mode: Video

Step 2:

« Configure the UUT for normal transmissions with a sufficiently high payload resulting in a minimum
transmitter activity ratio (TxOn / (TxOn + TxOff)) of 0,3. Where this is not possible, the UUT shall be
configured to the maximum payload possible.

* Using the procedure defined in clause 5.4.6.2.1.5, it shall be verified that, for equipment with a dwell time
greater than the maximum allowable Channel Occupancy Time, the UUT complies with the maximum
Channel Occupancy Time and minimum Idle Period defined in clause 4.3.1.7.2.2 or clause 4.3.1.7.3.2. When
measuring the Idle Period of the UUT, it shall not include the transmission time of the companion device.
Step 3: Adding the interference signal

 An interference signal as defined in clause B.7 is injected centred on the hopping frequency being tested.
The power spectral density level (at the input of the UUT) of this interference signal shall be equal to the
detection threshold defined in clause 4.3.1.7.2.2 or clause 4.3.1.7.3.2.

Step 4: Verification of reaction to the interference signal

» The spectrum analyser shall be used to monitor the transmissions of the UUT on the selected hopping
frequency with the interfering signal injected. This may require the spectrum analyser sweep to be triggered
by the start of the interfering signal.

*» Using the procedure defined in clause 5.4.6.2.1.5, it shall be verified that:

i) The UUT shall stop transmissions on the hopping frequency being tested.

The UUT is assumed to stop transmissions on this hopping frequency within a period equal to the
maximum Channel Occupancy Time defined in clause 4.3.1.7.2.2 or clause 4.3.1.7.3.2. As stated in
clause 4.3.1.7.3.2, step 3, the Channel Occupancy Time for non-LBT based frequency hopping

equipment may be non-contiguous.

i) For LBT based frequency hopping equipment, apart from Short Control Signalling Transmissions (see
i) below), there shall be no subsequent transmissions on this hopping frequency, as long as the
interference signal remains present.

For non-LBT based frequency hopping equipment, apart from Short Control Signalling Transmissions

(see iii) below), there shall be no subsequent transmissions on this hopping frequency for a (silent)

period defined in clause 4.3.1.7.3.2, step 2. After that, the UUT may have normal transmissions again for
the duration of a single Channel Occupancy Time period (which may be non-contiguous). Because the
interference signal is still present, another silent period as defined in clause 4.3.1.7.3.2, step 2 needs to be
included. This sequence is repeated as long as the interfering signal is present.

In case of overlapping channels, transmissions in adjacent channels may generate transmission bursts on
the channel being investigated; however, they have a lower amplitude as on-channel transmissions. Care
should be taken to only evaluate the on-channel transmissions. The Time Domain Power Option of the
analyser may be used to measure the RMS power of the individual bursts to distinguish on-channel
transmissions from transmissions on adjacent channels. In some cases, the RBW may need to be reduced.
To verify that the UUT is not resuming normal transmissions as long as the interference signal is present,
the monitoring time may need to be 60 s or more. If transmissions are detected during this period, the
settings of the analyser may need to be adjusted to allow an accurate assessment to verify the
transmissions comply with the limits for Short Control Signalling Transmissions.

iii) The UUT may continue to have Short Control Signalling Transmissions on the hopping frequency being
tested while the interference signal is present. These transmissions shall comply with the limits defined

in clause 4.3.1.7.4.2.

The verification of the Short Control Signalling transmissions may require the analyser settings to be
changed (e.g. sweep time).

iv) Alternatively, the equipment may switch to a non-adaptive mode.

Step 5: Adding the unwanted signal

» With the interfering signal present, a 100 % duty cycle CW signal is inserted as the unwanted signal. The
frequency and the level are provided in table 2 of clause 4.3.1.7.2.2, step 6 or table 3 of clause 4.3.1.7.3.2,
step 6.

» The spectrum analyser shall be used to monitor the transmissions of the UUT on the selected hopping
frequency. This may require the spectrum analyser sweep to be triggered by the start of the unwanted signal.
* Using the procedure defined in clause 5.4.6.2.1.5, it shall be verified that:

i) The UUT shall not resume normal transmissions on the hopping frequency being tested as long as both
the interference and unwanted signals remain present.

To verify that the UUT is not resuming normal transmissions as long as the interference and unwanted
signals are present, the monitoring time may need to be 60 s or more. If transmissions are detected during
this period, the settings of the analyser may need to be adjusted to allow an accurate assessment to verify
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the transmissions comply with the limits for Short Control Signalling Transmissions.

i) The UUT may continue to have Short Control Signalling Transmissions on the hopping frequency being
tested while the interference and unwanted signals are present. These transmissions shall comply with the
limits defined in clause 4.3.1.7.4.2.

The verification of the Short Control Signalling transmissions may require the analyser settings to be
changed (e.g. sweep time).

Step 6: Removing the interference and unwanted signal

» On removal of the interference and unwanted signal, the UUT is allowed to re-include any channel
previously marked as unavailable; however, for non-LBT based equipment, it shall be verified that this shall
only be done after the period defined in clause 4.3.1.7.3.2, step 2.

Step 7:

* Step 2 to step 6 shall be repeated for each of the hopping frequencies to be tested.
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MEASUREMENT DESCRIPTION

Instrument: Spectrum Analyzer

Detector: RMS

Sweep time: > Channel Occupancy Time

Video bandwidth: = RBW

Resolution bandwidth: | = Occupied Channel Bandwidth

Span: 0 Hz

Center: Equal to the hopping freq. to be tested

Trace: clear/write video triggered
X Conducted

Performed: [ ] Radiated (only if no conducted sample is provided)
[ ] Short Control Signalling Transmissions available

TEST RESULTS

This requirement does not apply to adaptive equipment unless operating in a non-adaptive mode.

In addition, this requirement does not apply for equipment with a maximum declared RF Output power level of
less than 10 dBm e.i.r.p. or for equipment when operating in a mode where the RF Output power is less than
10 dBm e.i.r.p.
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4.1.7. Occupied Channel Bandwidth

LIMIT

According to ETSI EN 300 328 V2.2.2 (2019-07) 4.3.1.8.3

The Occupied Channel Bandwidth for each hopping frequency shall fall completely within the band given in
clause 1.For non-adaptive Frequency Hopping equipment with e.i.r.p greater than 10 dBm, the Occupied
Channel Bandwidth forevery occupied hopping frequency shall be equal to or less than the Nominal Channel
Bandwidth declared by thesupplier. See clause 5.3.1 j). This declared value shall not be greater than 5 MHz.

TEST PROCEDURE

Please refer to ETSI EN 300 328 (V1.8.1) Sub-clause 5.3.8.2.1

According to ETSI EN 300 328 V2.2.2 (2019-07) §5.3.8.2.1 Conducted measurement

Step 1:

Connect the UUT to the spectrum analyser and use the following settings:

*Centre Frequency: The centre frequency of the channel under test

*Resolution BW: ~ 1 % of the span without going below 1 %

*Video BW: 3 x RBW

*Frequency Span for frequency hopping equipment: Lowest frequency separation that is used within the
hopping sequence

*Frequency Span for other types of equipment: 2 x Nominal Channel Bandwidth (e.g. 40 MHz for a

20 MHz channel)

*Detector Mode: RMS

*Trace Mode: Max Hold

*Sweep time: 1s

Step 2:

Wait for the trace to stabilize.

Find the peak value of the trace and place the analyser marker on this peak.

Step 3:

Use the 99 % bandwidth function of the spectrum analyser to measure the Occupied Channel Bandwidth of
the UUT.This value shall be recorded.

NOTE: Make sure that the power envelope is sufficiently above the noise floor of the analyser to avoid the
noisesignals left and right from the power envelope being taken into account by this measurement.

EUT DESCRIPTION:

Mode: BT Testmode

Hopping: Off

Packet Type: Longest supported
Modulation: GFSK, /4 DQPSK, 8DPSK

MEASUREMENT DESCRIPTION

Instrument: Spectrum Analyzer
Detector: RMS
Sweep time: 1S
Video bandwidth: 60KHz
Resolution bandwidth: | 20KHz
Span: 2MHz
Center: Transmit channel
Trace: Max hold
_ X Conducted
Performed: [ ] Radiated (only if no conducted sample is provided)
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TEST RESULTS

Temperature: 25.3°C
Humidity: 56%

Test Engineer: Anna Hu
TestMode Antenna Channel OCB[MHZ] FL[MHZ] FH[MHz] Limit{MHz] Verdict
2402 0.87921 2401.5545 2402.4337 2400 to 2483.5 PASS
DH5 Antl 2441 0.87842 2440.5542 2441.4327 2400 to 2483.5 PASS
2480 0.87861 2479.5542 2480.4328 2400 to 2483.5 PASS
2402 1.1916 2401.4011 2402.5927 2400 to 2483.5 PASS
2DH5 Antl 2441 1.1884 2440.4016 2441.5900 2400 to 2483.5 PASS
2480 1.1881 2479.4019 2480.5900 2400 to 2483.5 PASS
2402 1.2016 2401.3925 2402.5941 2400 to 2483.5 PASS
3DH5 Antl 2441 1.1994 2440.3935 2441.5929 2400 to 2483.5 PASS
2480 1.1975 2479.3948 2480.5923 2400 to 2483.5 PASS
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Agilent Spectrum Analyzer

Report No.: TZ230604429-EDR
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4.1.8. Transmitter unwanted emissions in the out-of-band domain

LIMIT

ETSI EN 300 328 V2.2.2 (2019-07) Sub-clause 4.3.1.9.3

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 figure 1.

NOTE: Within the 2 400 MHz to 2 483,5 MHz band, the Out-of-band emissions are fulfilled by compliance with
the Occupied Channel Bandwidth requirement in clause 4.3.1.8

77
J/

Spurious Dornain Out Of Band Domain (00B) Alocated Band Qut Of Band Domain (00B) Spurious Domain

|
. | |

2400 MHz - 2BW 2 400 MHz - BW 2400 MHz 24835MHz 2 483,5MHz + BW 2 483,5 MHz + 2BW

A

\ 4

A: -10 dBm/MHz e.i.r.p.
B: -20 dBm/MHz e.i.r.p. BW = Occupied Channel Bandwidth in MHz or 1 MHz whichever is greater
C: Spurious Domain limits

Figure 1: Transmit mask
Transmitter unwanted emissions in the out-of-band domain are emissions when the equipment is in Transmit
mode, on frequencies immediately outside the necessary bandwidth which results from the modulation
process, but excluding spurious.
These measurements shall only be performed at normal test conditions.
For systems using FHSS modulation, the measurements shall be performed during normal operation
(hopping).
For systems using wide band modulations other than FHSS, the measurement shall be performed at the
lowest and the highest channel on which the equipment can operate. These operating channels shall be
recorded.
The equipment shall be configured to operate under its worst case situation with respect to output power.
If the equipment can operate with different Occupied Channel Bandwidths (e.g. 20 MHz and 40 MHz), than
each channel bandwidth shall be tested separately.

TEST CONFIGURATION

1.5m coaxial cabje
Power Test Set EUT

1.2m power cable

DC Power Supply
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TEST PROCEDURE

According to ETSI EN 300 328 V2.2.2 (2019-07) §85.4.8.2.1, conducted method.
Connect the UUT to the spectrum analyser and use the following settings:

- Centre Frequency: evaluated frequency

- Span: 0 Hz

- Resolution BW: 1 MHz

- Filter mode: Channel filter

- Video BW: 3 MHz

- Detector Mode: RMS

- Trace Mode: Max Hold

- Sweep Mode: Continuous

- Sweep Points: Sweep Time [s] / (1 us) or 5 000 whichever is greater

- Trigger Mode: Video trigger

NOTE 1: In case video triggering is not possible, an external trigger source may be used.
- Sweep Time: > 120 % of the duration of the longest burst detected during the measurement of the RF
Output Power

Step 2: (segment 2 483,5 MHz to 2 483,5 MHz + BW)

e Adjust the trigger level to select the transmissions with the highest power level.

e For frequency hopping equipment operating in a normal hopping mode, the different hops will result in signal
bursts with different power levels. In this case the burst with the highest power level shall be selected.

e Set a window (start and stop lines) to match with the start and end of the burst and in which the RMS power
shall be measured using the Time Domain Power function.

e Select RMS power to be measured within the selected window and note the result which is the RMS power
within this 1 MHz segment (2 483,5 MHz to 2 484,5 MHz). Compare this value with the applicable limit
provided by the mask.

e Increase the centre frequency in steps of 1 MHz and repeat this measurement for every 1 MHz segment
within the range 2 483,5 MHz to 2 483,5 MHz + BW. The centre frequency of the last 1 MHz segment shall be
set to 2 483,5 MHz + BW - 0,5 MHz (which means this may partly overlap with the previous 1 MHz segment).

Step 3: (segment 2 483,5 MHz + BW to 2 483,5 MHz + 2BW)

e Change the centre frequency of the analyser to 2 484 MHz + BW and perform the measurement for the first
1 MHz segment within range 2 483,5 MHz + BW to 2 483,5 MHz + 2BW. Increase the centre frequency in 1
MHz steps and repeat the measurements to cover this whole range. The centre frequency of the last 1 MHz
segment shall be set to 2 483,5 MHz + 2 BW - 0,5 MHz.

Step 4: (segment 2 400 MHz - BW to 2 400 MHz)

e Change the centre frequency of the analyser to 2 399,5 MHz and perform the measurement for the first 1
MHz segment within range 2 400 MHz - BW to 2 400 MHz Reduce the centre frequency in 1 MHz steps and
repeat the measurements to cover this whole range. The centre frequency of the last 1 MHz segment shall be
set to 2 400 MHz - BW + 0,5 MHz.

Step 5: (segment 2 400 MHz - 2BW to 2 400 MHz - BW)

e Change the centre frequency of the analyser to 2 399,5 MHz - BW and perform the measurement for the
first 1 MHz segment within range 2 400 MHz - 2BW to 2 400 MHz - BW. Reduce the centre frequency in 1
MHz steps and repeat the measurements to cover this whole range. The centre frequency of the last 1 MHz
segment shall be set to 2 400 MHz - 2BW + 0,5 MHz.

Step 6:

e In case of conducted measurements on equipment with a single transmit chain, the declared antenna
assembly gain "G" in dBi shall be added to the results for each of the 1 MHz segments and compared with the
limits provided by the mask given in figures 1 or 3. If more than one antenna assembly is intended for this
power setting, the antenna with the highest gain shall be considered.

e In case of conducted measurements on smart antenna systems (equipment with multiple transmit chains),
the measurements need to be repeated for each of the active transmit chains. The declared antenna
assembly gain "G" in dBi for a single antenna shall be added to these results. If more than one antenna
assembly is intended for this power setting, the antenna with the highest gain shall be considered.
Comparison with the applicable limits shall be done using any of the options given below:

Option 1: the results for each of the transmit chains for the corresponding 1 MHz segments shall be added.
The additional beamforming gain "Y" in dB shall be added as well and the resulting values compared with the
limits provided by the mask given in figures 1 or 3.

Option 2: the limits provided by the mask given in figures 1 or 3 shall be reduced by 10 x log10(Ach) and the
additional beamforming gain "Y" in dB. The results for each of the transmit chains shall be individually
compared with these reduced limits
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NOTE: Ach refers to the number of active transmit chains.
It shall be recorded whether the equipment complies with the mask provided in figure 1 or figure 3.

EUT DESCRIPTION:

Mode: BT Testmode

Hopping: On

Packet Type: Longest supported
Modulation: GFSK, /4 DQPSK, 8DPSK
Assumed antenna gain: 0 dBi

MEASUREMENT DESCRIPTION

Instrument: Spectrum Analyzer

Detector: RMS

Sweep time: depending on packet length

Video bandwidth: 3MHz

Resolution bandwidth: | 1MHz

Span: OHz

Center: fc (see result table)

Trigger Mode: Video trigger

Sweep points: Sweep Time [s] / (1 ys) or 5 000 whichever is greater

Performed: Conducted - . -
L] Radiated (only if no conducted sample is provided)

TESTRESULTS

Temperature: 25.3°C
Humidity: 56%
Test Engineer: Anna Hu

Note: Cable loss and antenna gain was combined in the calculated result.
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DHS5_Antl_Hop_2400MHz-2BW to 2400MHz

Transmitter unwanted emissions in the out-of-band domain
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4.1.9. Transmitter unwanted emissions in the spurious domain

Limit
According to ETSI EN 300 328 vV2.2.2(2016-11) 84.3.1.10.3
The transmitter unwanted emissions in the spurious domain shall not exceed the values given in table 4.

Table 1: Transmitter limits for spurious emissions

Maximum power
Frequency Range e.r.p.(<1GHz) Limit when Standby
e.i.r.p.(>1 GHz)
30 MHz to 47 MHz -36 dBm 100 KHz
47 MHz to 74 MHz -54 dBm 100 KHz
74MHz to 87.5 MHz -36 dBm 100 KHz
87.5 MHz to 118 MHz -54 dBm 100 KHz
118 MHz to 174 MHz -36 dBm 100 KHz
174 MHz to 230 MHz -54 dBm 100 KHz
230 MHz to 470 MHz -36 dBm 100 KHz
470 MHz to 694 MHz -54 dBm 100 KHz
694 MHz to 1 GHz -36 dBm 100 KHz
1 GHz to 12.75 GHz -30 dBm 1 MHz

These measurements shall only be performed at normal test conditions.

The level of spurious emissions shall be measured as, either:

a) their power in a specified load (conducted spurious emissions) and their effective radiated power when
radiated by the cabinet or structure of the equipment (cabinet radiation); or

b) their effective radiated power when radiated by cabinet and antenna in case of Integral antenna equipment
with no antenna connectors.

For equipment using FHSS modulation, the measurements may be performed when normal hopping is

disabled. In this case measurements need to be performed when operating at the lowest and the highest
hopping frequency. When this is not possible, the measurement shall be performed during normal operation

(hopping).

For systems using wide band modulations other than FHSS, the measurement shall be performed at the
lowest and the highest channel on which the equipment can operate. These frequencies shall be recorded.

The equipment shall be configured to operate under its worst case situation with respect to output power.
If the equipment can operate with different Nominal Channel Bandwidths (e.g. 20 MHz and 40 MHz), then the

equipment shall be configured to operate under its worst case situation with respect to spurious emissions.

Test Procedure

According to ETSI EN 300 328 V2.2.2 (2019-07) §5.4.9.2.2, Radiated measurement.
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Test Configuration

Effective Radiated Power measurement (30 MHz to 12.75 GHz)

Y
4

Receiving Antenna

Filter Amplifier

Atlenuator

Signal

" Generator

Substitute
Antenna

\%

S
= - Ll
5 o
E1 § eceiving Antenna
c
[V
- 5 TN I
: Al
.
g
Test Results
Temperature: 25.3°C
Humidity: 56%
Test Engineer: Tony Luo
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Result Limit Margin :
Fre. (MHz) ANT. Pol. (dBm) (dBm) (dB) Conclusion
Below 1GHz:

640.87 \ -61.15 -54 7.15 PASS

647.95 H -59.27 -54 5.27 PASS

Above 1GHz:
Test Mode: Low Channel

4804 H -41.09 -30 11.09 PASS

4804 \% -41.25 -30 11.25 PASS

7206 H -43.80 -30 13.80 PASS

7206 V -42.41 -30 12.41 PASS

9608 H -48.22 -30 18.22 PASS

9608 \% -41.68 -30 11.68 PASS

Test Mode: High Channel

4960 H -41.95 -30 11.95 PASS

4960 \% -40.96 -30 10.96 PASS

7440 H -43.12 -30 13.12 PASS

7440 V -42.24 -30 12.24 PASS

9920 H -49.79 -30 19.79 PASS

9920 \ -46.87 -30 16.87 PASS

Note:
1. Cable loss and antenna gain was combined in the calculated result.
2. No record for margin above 20dB.
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Receiver spurious emissions

8V2.2.2 (2019-07) §4.3.2.11.3
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The spurious emissions of the receiver shall not exceed the values given in table 5.

Table 2: spurious emission limits for receivers

Frequency Maximum power, e.r.p. Measurement bandwidth
30 MHz to 1 GHz -57 dBm 100 KHz
30 MHz t0 12.75 GHz -47 dBm 1 MHz
Test Procedure
The same as clause 4.1.8
Test Configuration
Effective Radiated Power measurement (30 MHz to 12.75 GHz)
SA Signal
Substitute Generator

Antenna

%
D

D
1

Receiving Antenna

Am plifier

Sl

Attenuator

Fitter

ALl

LR I I R .

H\\

Receiving Antenna

Filter Amplifier

Allenuator

The level of spurious emissions shall be measured as, either:

a) their power in a specified load (conducted spurious emissions) and their effective radiated power when
radiated by the cabinet or structure of the equipment (cabinet radiation); or

b) their effective radiated power when radiated by cabinet and antenna in case of Integral antenna
equipment withno temporary antenna connectors.
Testing shall be performed when the equipment is in a receive-only mode.
For equipment using wide band modulations other than FHSS, the measurement shall be performed at the
lowest and the highest channel on which the equipment can operate. These frequencies shall be recorded.
For equipment using FHSS modulation, the measurements may be performed when normal hopping is
disabled. In this case measurements need to be performed when operating at the lowest and the highest
hopping frequency. These frequencies shall be recorded. When disabling the normal hopping is not possible,
the measurement shall be performed during normal operation (hopping).
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Test Results

Temperature: 25.3°C
Humidity: 56%
Test Engineer: Tony Luo
Result Limit Margin .
Fre. (MHz) ANT. Pol. (dBm) (dBm) (dB) Conclusion

Below 1GHz:

215.06 Y -66.18 -57 9.18 PASS

738.24 H -66.90 -57 9.90 PASS
Above 1GHz:

Test Mode: Lowest frequency

1161.44 H -57.75 -47 10.75 PASS

1161.44 V -59.37 -47 12.37 PASS

2084.84 H -56.12 -47 9.12 PASS

2084.84 Y, -57.38 -47 10.38 PASS

Test Mode: Highest frequency

1817.05 H -59.56 -47 12.56 PASS

1817.05 V -57.04 -47 10.04 PASS

2525.16 H -57.71 -47 10.71 PASS

2525.16 Vv -56.92 -47 9.92 PASS
Note:
1. Cable loss and antenna gain was combined in the calculated result.
2. No record for margin above 20dB.
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4.1.11. Receiver Blocking

LIMIT

According to ETSI EN 300 328 vV2.2.2 (2019-07) §4.3.2.11.4

While maintaining the minimum performance criteria as defined in clause 4.3.2.11.3, the blocking levels at
specified frequency offsets shall be equal to or greater than the limits defined for the applicable receiver
category provided in table 14, table 15 or table 16.

The minimum performance criterion shall be a PER less than or equal to 10 %. The manufacturer may declare
alternative performance criteria as long as that is appropriate for the intended use of the equipment.

Table 14: Receiver Blocking parameters for Receiver Category 1 equipment

Wanted signal mean power from Blocking signal | Blocking signal Type of
companion device (dBm) frequency power (dBm) blocking
(see notes 1 and 4) (MHz) (see note 4) signal
{-133 dBm + 10 x Iogm{[?{:ElW}} or -68 dBm 2380
whichever is less 2 504
(see note 2)
2300
(-139 dBm + 10 x log, ,(OCBW)) or -74 dBm g gg -4 cw
whichever is less 2 594
(see note 3) 7 584
2674

NOTE 1: ©CBW 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 P, + 26 dB where P, i 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.

MOTE 3: In case of radiated measurements using a companion device and the level of the wanied
signal from the companion device cannot be determined, a relative test may be performed
using a wanted signal up to P, + 20 dB where P_,_ s the minimum level of wanted signal

required to meet the minimum performance criteria as defined in clause 4.3.1.12.3 in the
ahsence of any blocking signal.

MNOTE 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 comected for the
(in-band) antenna assembly gain (). In case of radiated measurements, this level is
equivalent to a power flux density (PFD) in front of the UUT antenna with the LUUT being
configured/positioned as recorded in clause 5.4 32 2.

Table 15: Receiver Blocking parameters receiver Category 2 equipment

Wanted signal mean power from Blocking Blocking Type of blocking

companion device (dBm) signal signal power signal
(see notes 1 and 3) frequency (dBm)
(MHz) (see note 3)
(-139 dBm + 10 * log,(OCBW) + 10dB) | 5 o7
or {-74 dBm + 10 dB) whichever is less 21300 -34 CW
(see note 2) 3 584

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 fest
may be performed using a wanted signal up to P + 26 dB where P__ is the

minimurn 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.

MOTE 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 he 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 5432 2.
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Table 16: Receiver Blocking parameters receiver Category 3 equipment

Wanted signal mean power from Blocking Blocking Type of blocking
companion device (dBm) signal signal power signal
(see notes 1 and 3) frequency (dBm)
{MHz) [see note 3)
(-139 dBm + 10 = log,,(OCBW) + 20 dB) 2 380
or (-74 dBm + 20 dB) whichever is less 2 504 34 cW
{see note 2) g Egg

MOTE 1: QCBW is in Hz.

MOTE 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 P__ + 30 dB where P_,_ 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.

MOTE 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 (FFD) in front of the UUT antenna
with the UUT being configured/positioned as recorded in clause 5.4 3.2 2.

According to ETSI EN 300 328 VV2.2.2 (2019-07) § 4.2.3 Receiver categories

4.2.3.2.1 Receiver category 1

Adaptive equipment with a maximum RF output power greater than 10 dBm e.i.r.p. shall be considered as
receiver category 1 equipment.

4.2.3.2.2 Receiver category 2

Non-adaptive equipment with a Medium Utilization (MU) factor greater than 1 % and less than or equal to 10 %
or adaptive equipment with a maximum RF output power of 10 dBm e.i.r.p. shall be considered as receiver
category 2 equipment.

4.2.3.2.3 Receiver category 3

Non-adaptive equipment with a maximum Medium Utilization (MU) factor of 1 % or adaptive equipment with a
maximum RF output power of 0 dBm e.i.r.p. shall be considered as receiver category 3 equipment.

These measurements shall only be performed at normal test conditions.

For non-frequency hopping equipment, having more than one operating channel, the equipment shall be
tested operating at both the lowest and highest operating channels. Equipment which can change their
operating channel automatically (adaptive channel allocation), and where this function cannot be disabled,
shall be tested as a frequency hopping equipment.

If the equipment can be configured to operate with different Nominal Channel Bandwidths (e.g. 20 MHz and
40 MHz) and different data rates, then the combination of the smallest channel bandwidth and the lowest data
rate for this channel bandwidth which still allows the equipment to operate as intended shall be used. This
mode of operation shall be aligned with the performance criteria defined in clause 4.3.1.12.3 or clause
4.3.2.11.3 as declared by the manufacturer (see clause 5.4.1 t)) and shall be described in the test report.

It shall be verified that this performance criteria as declared by the manufacturer is achieved.

TEST CONFIGURATION
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Figure 6: Test Set-up for receiver blocking

MEASUREMENT DESCRIPTION

According to ETSI EN 300 328 VV2.2.2 (2019-07) 85.4.11.2.1, Conducted measurements

Step 1:

* For non-frequency hopping equipment, the UUT shall be set to the lowest operating channel.

Step 2:

» The blocking signal generator is set to the first frequency as defined in the appropriate table corresponding
to the receiver category and type of equipment.

Step 3:

» With the blocking signal generator switched off, a communication link is established between the UUT and
the associated companion device using the test setup shown in figure 6. The attenuation of the variable
attenuator shall be increased in 1 dB steps to a value at which the minimum performance criteria as specified
in clause 4.3.1.12.3 or clause 4.3.2.11.3 is still met. The resulting level for the wanted signal at the input of the
UUT is Pmin.

* This signal level (Pmin) is increased by the value provided in the table corresponding to the receiver
category and type of equipment.

Step 4.

» The blocking signal at the UUT is set to the level provided in the table corresponding to the receiver category
and type of equipment. It shall be verified and recorded in the test report that the performance criteria as
specified in clause 4.3.1.12.3 or clause 4.3.2.11.3 is met.

Step 5:

* Repeat step 4 for each remaining combination of frequency and level for the blocking signal as provided in
the table corresponding to the receiver category and type of equipment.

Step 6:

* For non-frequency hopping equipment, repeat step 2 to step 5 with the UUT operating at the highest
operating channel.
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4.1.12. Geo-location capability

Definition& Requirements

ETSI EN 300 328 (V2.2.2) Sub-clause 4.3.2.13.2 Definition

Geo-location capability is a feature of the equipment to determine its geographical location with the purpose to
configure itself according to the regulatory requirements applicable at the geographical location where it
operates.

The geo-location capability may be present in the equipment or in an external device (temporary) associated
with the equipment operating at the same geographical location during the initial power up of the equipment.
The geographical location may also be available in equipment already installed and operating at the same
geographical location.

ETSI EN 300 328 (V2.2.2) Sub-clause 4.3.2.13.2 Requirements
The geographical location determined by the FHSS equipment as defined in clause 4.3.1.13.2 shall not be
accessible to the user in a way that would allow the user to alter it.

RESULTS
This equipment does not support Geo-location.
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5. Test Setup Photos of the EUT
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6. External and Internal Photos of the EUT

Reference to the test report No. TZ230604429-RE
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Shenzhen Tongzhou Testing Co.,Ltd
Report No.: TZ230604429-EMF

EMF ASSESSMENT REPORT
EN62311:2008
EN50665:2017
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( position+printed name+signature)..: File administrators Nancy Li
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Address ..........ccceeiiveiiiiviiiiieeeeeen 1th Floor, Building 1, Haomai High-tech Park, Huating Road 387,
Dalang Street, Longhua, Shenzhen, China

Applicant’s name...................cc.eceeeei.l. . Shenzhen wanbo Technology Co., Ltd.

Address ..........ccccieveeeeiiiiiiiieeeneens . 4th Floor, Building 1, Chuangjian Phase 2 Industrial Park,
Yingrenshi Community, Shiyan Street, Baoan District, Shenzhen,
China

Test specification ............c.oooeeel

Standard ..........cccoeveeeveeeveceenseennnnn.. EN62311:2008
EN50665:2017

TRF Originator...............c..cccceeevueeeee.t. - Shenzhen Tongzhou Testing Co.,Ltd

Master TRF..........ccccccccvveeeevveeeeeeeee... .. Dated 2020-08

Shenzhen Tongzhou Testing Co.,Ltd All rights reserved.

This publication may be reproduced in whole or in part for non-commercial purposes as long as the
Shenzhen Tongzhou Testing Co.,Ltd is acknowledged as copyright owner and source of the material.
Shenzhen Tongzhou Testing Co.,Ltd takes no responsibility for and will not assume liability for damages
resulting from the reader's interpretation of the reproduced material due to its placement and context.

Test item description ......................  Wanbo Projector

Trade Mark .......ccccccceevvevcvvveereneenen s Wanbo

Model/Type reference...........cc......... WPB21

Listed Models ..........ccccecoevevvcneeene.s. - New T2,New T2 Max, T2 Max,T2 Max New,WPB2*(“*"=0-9 or A-Z or
any character or blank)
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Page 2 of 8 Report No.: TZ230604429-EMF

%

EMF ASSESSMENT REPORT

Test Report No. : T7230604429-EMF Di?:ig’g Zsie
Equipment under Test . Wanbo Projector
Model /Type . WPB21
Listed Models . New T2,New T2 Max,T2 Max,T2 Max New,WPB2*(“*”=0-9 or

A-Z or any character or blank)
Applicant . Shenzhen wanbo Technology Co., Ltd.

. 4th Floor, Building 1, Chuangjian Phase 2 Industrial Park,
Address Yingrenshi Community, Shiyan Street, Baoan District,
Shenzhen, China

Manufacturer . Shenzhen wanbo Technology Co., Ltd.

. 4th Floor, Building 1, Chuangjian Phase 2 Industrial Park,
Address Yingrenshi Community, Shiyan Street, Baoan District,
Shenzhen, China

Test Result: PASS

The test report merely corresponds to the test sample.
It is not permitted to copy extracts of these test result without the written permission of the test
laboratory.
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1. SUMMARY

Page 4 of 8

1.1. EUT configuration

Report No.: TZ230604429-EMF

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

@ - supplied by the manufacturer

O - supplied by the lab

O| Adapter MODEL: NSA60ED-190300
INPUT: 100-240V~ 50/60Hz 1.5A
OUTPUT: DC 19V/3A
O| Computer Manufacture : | ASUS
Model No.: X454L
O| U-disc Manufacture: Kingston
Model No.: DTI/16GB
1.2. NOTE
Function Test Standards Reference Report
ETSI EN 301 489-1 V2.2.3 (2019-11)
ETSI EN 301 489-3 V2.1.1 (2019-03)
ETSI EN 301 489-17 V3.2.4 (2020-09)
EMC EN55032:2015+A11:2020 TZ230604429-RE
EN55035:2017+A11:2020
EN IEC 61000-3-2:2019
EN61000-3-3:2013+A1:2019
Bluetooth
BDRAEDR ETSI EN 300 328 V2.2.2 (2019-07) TZ230604429-EDR
BLE ETSI EN 300 328 V2.2.2 (2019-07) TZ230604429-BLE
ETSI EN 300 328 V2.2.2 (2019-07) TZ230604429-WLAN1
WLAN ETSI EN 301 893 V2.1.1 (2017-05) TZ230604429-WLAN2
ETSI EN 300 440 V2.2.1 (2018-07) TZ230604429-WLAN3
EN62311:2008
EMF -
EN50665-2017 TZ230604429-EMF
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2. TEST ENVIRONMENT
2.1. Address of the test laboratory

Shenzhen Tongzhou Testing Co.,Ltd
1th Floor, Building 1, Haomai High-tech Park, Huating Road 387, Dalang Street, Longhua, Shenzhen,
China

The sites are constructed in conformance with the requirements of ANSI C63.7, ANSI C63.4 (2014) and
CISPR Publication 22.

2.2. Environmental conditions

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

Temperature: 15-35°C
Humidity: 30-60 %
Atmospheric pressure: 950-1050mbar

2.3. 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 compatibility and Radio spectrum Matters
(ERM);Uncertainties in the measurement of mobile radio equipment characteristics; Part 2 “ and is
documented in the Shenzhen Tongzhou Testing Co.,Ltd quality system acc. to DIN EN ISO/IEC 17025.
Furthermore, component and process variability of devices similar to that tested may result in additional
deviation. The manufacturer has the sole responsibility of continued compliance of the device.

Hereafter the best measurement capability for Shenzhen Tongzhou Testing Co.,Ltd is reported:

Test Items Measurement Uncertainty Notes
Transmitter power conducted 0.57 dB (1)

(1) This uncertainty represents an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=1.96.
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3. Method of measurement

3.1. Applicable Standard
EN62311: Assessment of electronic and electrical equipment related to human exposure restrictions for
electromagnetic fields (0 Hz — 300 GHz)

EN50665: Generic standard for assessment of electronic and electrical equipment related to human exposure
restrictions for electromagnetic fields (0 Hz - 300 GHz)

Council Recommendation 1999/519/EC of 12 July 1999 on the limitation of exposure of the general public to
electromagnetic fields (OHz to 300GHz) (Official Journal L 197 of 30 July 1999).

3.2. Introduction

This International Standard provides simple conformity assessment methods for low-power electronic and
electrical equipment to an exposure limit relevant to electromagnetic fields (EMF). If such equipment cannot
be shown to comply with the applicable EMF exposure requirements using the methods included in this
standard for EMF assessment, then other standards, including IEC 62311 or other (EMF) product standards,
may be used for conformity assessment.

3.3. Limit

Basic restriction for electric, magnetic and electromagnetic fields (OHz to 300GHz)

Frequency Magnetip Currgnt Whole body Logih;ed Logi{lsed dF;%VsYi?;,
range flux density densr[g average (head and (limbs) S (W/mz)
(mT) (mA/m") SAR(W/kg) trunk)(W/kg) (W/kg)

OHz 40 - - - - --
>0-1Hz -- 8 -- -- -- --
1-4Hz -- 8/f -- -- -- --

4-1000Hz -- 2 - - - --
1000Hz-100kHz - /500 - - - -
100kHz-10MHz -- /500 0.08 2 4 -
10MHz-10GHz -- - 0.08 2 4 --

10-300GHz - - - - - 10
Notes:

1. f is the frequency in Hz.

2. The basic restriction on the current density is intended to protect against acute exposure effects on central
nervous system tissues in the head and trunk of the body and includes a safety factor. The basic restrictions
for ELF fields are based on established adverse effects on the central nervous system. Such acute effects are
essentially instantaneous and there is no scientific justification to modify the basic restrictions for exposure of
short duration. However, since the basic restriction refers to adverse effects on the central nervous system,
this basic restriction may permit higher current densities in body tissues other than the central nervous system
under the same exposure conditions.

3. Because of electrical in homogeneity of the body, current densities should be averaged over a cross
section of 1cm2 perpendicular to the current direction.

4. For frequencies up to 100 kHz, peak current density values can be obtained by multiplying the rms value by
v2(=1.414). For pulses of duration t, the equivalent frequency to apply in the basic restrictions should be
calculated as=1/ (2t,)

5. For frequencies up to 100 kHz and for pulsed magnetic fields, the maximum current density associated with
the pulses can be calculated from the rise/fall times and the maximum rate of change of magnetic flux density.
The induced current density can then be compared with the appropriate basic restriction.

6. All SAR values are to be averaged over any six-minute period.

7. Localised SAR averaging mass is any 10g of contiguous tissue; the maximum SAR so obtained should be
the value used for the estimation of exposure. These 10g of tissue are intended to be a mass of contiguous
tissue with nearly homogeneous electrical properties. In specifying a contiguous mass of tissue, it is
recognised that this concept can be used in computational dosimeter but may present difficulties for direct




%

Page 7 of 8

Report No.: TZ230604429-EMF

physical measurements. A simple geometry such as cubic tissue mass can be used provided that the
calculated dissymmetric quantities have conservation values relative to the exposure guidelines.

8. For pulses of duration t, the equivalent frequency to apply in the basic restrictions should be calculated
as=1/(2t,). Additionally, for pulsed exposures, in the frequency range 0.3 to 10GHz and for localised exposure
of the head, in order to limit and avoid auditory effects caused by thermoplastic expansion, an additional basic
restriction is recommended. This is that SA should not exceed 2mJ kg-1 averaged over 10g of tissue.
Reference levels for electric, magnetic and electromagnetic fields (OHz to 300GHz, unperturbed rms values)

Equivalent plane

Frequency range E-field strength H-field strength B-field wave power density
(V/m) (A/m) (uT) Seo(W/m?)

0-1Hz - 3.2x10" 4x10* --
1-8Hz 10000 3.2x10%/1 4x10%/f* --
8-25Hz 10000 4000/f 5000/f --
0.025-0.8KHz 250/f 4/f 5/f --
0.8-3KHz 250/f 5 6.25 --
3-150KHz 87 5 6.25 --
0.15-1MHz 87 0.73/f 0.92/f -
1-10MHz 87/ 0.73/f 0.92/f --
10-400MHz 28 0.073 0.092 2

400-2000MHz 1.375f" 0.0037f"* 0.0046f" /200
2-300GHz 61 0.16 0.20 10

Notes: 1. As indicated in the frequency range column.
2. For frequencies between 100 kHz and 10GHz, S, E*, H> and B are to be averaged over any six-

minute period.

3. For frequencies exceeding 10GHz, S, E? H? and B? are to be averaged over any 68/f

period (.in GHz).

195 minute

4. No E-field value is provided for frequencies <1Hz, which are effectively static electric fields. For most
people the annoying perception of surface electric charges will not occur at field strengths less than 20kV/m.

Spark discharges causing stress or annoyance should be avoided.

3.4. EMF Assessment Method

Predication of EMF limit at a given distance

Equation from page 26 of EN 62311, Edition 2008

E=y H J30PG(,9)

0 r

Where:

E: E-field strength (V/m)

P: power input to antenna (Watt)
G: is the antenna gain relative to an isotropic antenna;

0, ¢: are elevation and azimuth angles to point of investigation;

r: is the distance from observation point to the antenna;
1, is the characteristic impedance of free space.

As declared by the Applicant, the EUT transmits with the maximum source-baed Duty Cycle of 100%, and the
EUT is a wireless device used in a medical application, at least 20cm from any body part of the user or nearby
persons; from the maximum EUT RF output power, the minimum separation distance, r=20cm, as well as the

gain of the used antenna, the RF power density can be obtained.
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4. Test Result

Maximum | Maximum Minimum E-field E-field

Tvpe EIRP Output Separation strength strength

yp Power Power Distance Limit At 20 cm
(dBm) (W) (cm) (V/m) (V/m)
Bluetooth 5.72 0.0037 20 1.7 61.0
WLAN(2.4G) 13.62 0.0230 20 4.2 61.0
WLAN(5.2G) 15.53 0.0357 20 5.2 61.0
WLAN(5.8G) 13.48 0.0223 20 4.1 61.0

5.Conclusion

The measurement results comply with the relevant limits for general public exposure specified as reference
levels in the Council Recommendation 1999/519/EC.




