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Test Report No.: RE2207WDGO0104-5 Y Certificate # 205101
Applicant Particle Industries,Inc
Address 325 9th Street, San Francisco, CA 94103 United States
Manufacturer or Particle Industries,Inc
Supplier
325 9th Street, San Francisco, CA 94103 United
Address
States
Product Wi-Fi Module
Brand Name Particle
Model P2
Additional Model & N/A
Model Difference
Date of tests Feb. 21, 2021 ~ Apr. 06, 2022

The submitted sample of the above equipment has been tested according to the requirements of the following
standard:

X EN 301 893 V2.1.1 (2017-05)
X Dynamic Frequency Selection (Clause 4.2.6)

CONCLUSION: The submitted sample was found to COMPLY with the test requirement

Tested by Lucas Chen Approved by Glyn He
Project Engineer / EMC Department Assistant Manager / EMC Department

Date: Jul. 18, 2022

This report is governed by, and incorporates by reference, the Conditions of Testing as posted at the date of issuance of this report at
http://www.bureauveritas.com/home/about-us/our-business/cps/about-us/terms-conditions/ and is intended for your exclusive use. Any copying or replication
of this report to or for any other person or entity, or use of our name or trademark, is permitted only with our prior written permission. This report sets forth our
findings solely with respect to the test samples identified herein. The results set forth in this report are not indicative or representative of the quality or
characteristics of the lot from which a test sample was taken or any similar or identical product unless specifically and expressly noted. Our report includes all
of the tests requested by you and the results thereof based upon the information that you provided to us. Measurement uncertainty is only provided upon
request for accredited tests. Statements of conformity are based on simple acceptance criteria without taking measurement uncertainty into account, unless
otherwise requested in writing. You have 60 days from date of issuance of this report to notify us of any material error or omission caused by our negligence
or if you require measurement uncertainty; provided, however, that such notice shall be in writing and shall specifically address the issue you wish to raise. A
failure to raise such issue within the prescribed time shall constitute your unqualified acceptance of the completeness of this report, the tests conducted and
the correctness of the report contents.
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RELEASE CONTROL RECORD
ISSUE NO. REASON FOR CHANGE DATE ISSUED
RE2202WDG0092-5 Original release May 19, 2022

Based on the original report RE2202WDG0092-5

updated the label, but it doesn’t need to be retested. Jul. 18, 2022

RE2207WDG0104-5
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1. GENERAL DESCRIPTION OF EUT

PRODUCT Wi-Fi Module

MODEL NO. P2

ADDITIONAL MODELS N/A

NOMINAL VOLTAGE DC 3.3V

MODULATION TECHNOLOGY |OFDM

MODULATION TYPE 256QAM, 64QAM, 16QAM, QPSK, BPSK for OFDM
802.11a: 54.0/ 48.0/ 36.0/ 24.0/ 18.0/ 12.0/ 9.0/ 6.0Mbps

TRANSMISSION RATE 802.11n: up to 150.0Mbps

802.11ac : up to 200.0Mbps

5260MHz ~ 5320MHz,

5500MHz ~ 5700MHz

EIRP POWER 21.23 dBm (Measured Max.)

5260 ~ 5320MHz:

PCB antenna with 1.60dBi gain

External PCB Antenna with -0.08dBi gain

OPERATING FREQUENCY

ANTENNATYPE 5500 ~ 5700MHz:
PCB antenna with 1.74dBi gain
External PCB Antenna with 0.87dBi gain
/0 PORTS Refer to user’s manual
CABLE SUPPLIED N/A
NOTES:

1. For a more detailed features description, please refer to the manufacturer’s specifications or the
user's manual.

2. For the test results, the EUT had been tested with all conditions, but only the worst case was
shown in test report.

3. Please refer to the EUT photo document (Reference No.:2207WDG0104) for detailed product
photo.

4. The Wi-Fi Module uses two antennas, but couldn’t transmit simultaneously, only the antenna type
and gain are different. EIRP, PSD and radiation spurious emission have been evaluated for both
antennas respectively. EIRP data and PSD data for both antennas are shown in the report, but
only the worst antenna data (PCB antenna) is shown in the test report for the radiation spurious
emission test.
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Test Report No.: RE2207WDGO0104-5

5. The EUT provides completed transmitters and receivers, the EUT uses only one antenna at any

time.
MODULATION MODE TX FUNCTION
802.11a 1TX/1RX
802.11n (HT20) 802.11ac (VHT20) 1TX/1RX
802.11n (HT40) 802.11ac (VHT40) 1TX/1RX

* The modulation and bandwidth are similar for 802.11n mode for HT20 / HT40 and 802.11ac
mode for VHT20 / VHT40, therefore investigated worst case for final test were chosen 802.11n
(HT20/HT40) and record in the report.
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Test Report No.: RE2207WDGO0104-5

2. DYNAMIC FREQUENCY SELECTION

The manufacturer shall state whether the UUT is capable of operating as a Master
and/or a Slave. If the UUT is capable of operating in more than one operating mode
then each operating mode shall be tested separately. See tables A for the

applicability of DFS requirements for each of the operational modes.

Applicability of DFS requirements

Operational Mode

Requirement M Slave (without radar| Slave (with radar
aster : -
detection) detection)
Channel Availability Check v Not required (see note 2)
Off-Channel CAC (see note 1) v Not required (see note 2)
In-Service Monitoring v Not required v
Channel Shutdown v v v
Non-Occupancy Period v Not required v
Uniform Spreading v Not required Not required

NOTE 1: Where implemented by the manufacturer.
NOTE 2: A slave with radar detection is not required to perform a CAC or Off-Channel CAC at initial
use of the channel but only after the slave has detected a radar signal on the Operating Channel by
In-Service Monitoring.

The radar detection requirements specified in EN 301 893 clauses 4.2.6.2.2 t0 4.2.6.2.4 assume that

the centre frequencies of the radar signals fall within the central 80 % of the Occupied Channel

Bandwidth of the RLAN.

Bureau Veritas Shenzhen Co., Ltd.
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2.1 TEST LIMITS AND RADAR SIGNAL PARAMETERS

DFS requirement values

Parameter

Value

Channel Availability Check Time

60 s (see note 1)

Minimum Off-Channel CAC Time

6 minutes (see note 2)

Maximum Off-Channel CAC Time

4 hours (see note 2)

Channel Move Time 10s
Channel Closing Transmission Time 1s
30 minutes

Non-Occupancy Period

NOTE 1: For channels whose nominal bandwidth falls completely or partly within the band 5 600 MHz
to 5 650 MHz, the Channel Availability Check Time shall be 10 minutes.

NOTE 2: For channels whose nominal bandwidth falls completely or partly within the band 5 600 MHz
to 5 650 MHz, the Maximum Off-Channel CAC Time shall be within the range 1 to 24 hours.

Interference threshold values

EIRP Spectral Density
dBm/MHz

(see notes 1 and 2)

Value

10

-62 dBm

antenna gain.

detection.

NOTE 1: This is the level at the input of the receiver of a RLAN device with a maximum EIRP density of
10 dBm/MHz and assuming a 0 dBi receive antenna. For devices employing different EIRP
spectral density and/or a different receive antenna gain G (dBi) the DFS threshold level at the
receiver input follows the following relationship:
DFS Detection Threshold (dBm) = -62 + 10 - EIRP Spectral Density (dBm/MHz) + G (dBi),
however the DFS threshold level shall not be lower than -64 dBm assuming a 0 dBi receive

NOTE 2: Slave devices with a maximum EIRP of less than 23 dBm do not have to implement radar

Parameters of the reference DFS test signal

Pulse width Pulse repetition Pulses per burst
W [us] frequency PRF [pps] [PPB]
1 700 18

Bureau Veritas Shenzhen Co., Ltd.
Dongguan Branch
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Parameters of radar test signals

. Pulse width [ pylse Repetition | Number | Pulses per
Radar Test Signal # W [us] Frequency (pps) of Burst for each
(see notes 1 to 3) ) ) different| PRF(PPB)
Min | Max | Min | Max | PRFs | (see notes5)
1 0.5 5 200 1000 1 10 (see note 6)
2 0.5 15 200 1600 1 15 (see note 6)
3 0.5 15 2300 4000 1 25
4 20 30 2000 4000 1 20
5 0.5 2 300 400 2/3 10 (see note 6)
6 0.5 2 400 1200 2/3 15 (see note 6)

NOTE 1: Radar test signals 1 to 4 are constant PRF based signals. See figure D.1. These radar
test signals are intended to simulate also radars using a packet based Staggered PRF.
See figure D.2.

NOTE 2: Radar test signal 4 is a modulated radar test signal. The modulation to be used is a chirp
modulation with a £2,5 MHz frequency deviation which is described below.

3 100; 2,5

. 3
2 _——

F (MHz)
[ -

0 20 40 &0 80 100

% of time (of width pulse)

NOTE 3: Radar test signals 5 and 6 are single pulse based Staggered PRF radar test signals using
2 or 3 different PRF values. For radar test signal 5, the difference between the PRF
values chosen shall be between 20 pps and 50 pps. For radar test signal 6, the difference
between the PRF values chosen shall be between 80 pps and 400 pps. See figure D.3

NOTE 4: Apart for the Off-Channel CAC testing, the radar test signals above shall only contain a
single burst of pulses. See figures D.1, D.3 and D.4. For the Off-Channel CAC testing,
repetitive bursts shall be used for the total duration of the test. See figures D.2 and D.5.
See also clause 4.7.2.2.,5.3.8.2.1.3.1 and 5.3.8.2.1.3.2.

NOTE 5: The total number of pulses in a burst is equal to the number of pulses for a single PRF
multiplied by the number of different PRFs used.

NOTE 6: For the CAC and Off-Channel CAC requirements, the minimum number of pulses (for
each PRF) for any of the radar test signals to be detected in the band 5 600 MHz to 5 650
MHz shall be 18.

No. 96, Guantai Road (Houjie Section), Houjie Tel.: +86 769 8998 2098
Town, Dongguan City, Guangdong Province. Fax: +86 769 8593 1080
523942. People’s Republic of China. Email: customerservice.dg@bureauveritas.com

Bureau Veritas Shenzhen Co., Ltd.
Dongguan Branch

Page 8 of 18 Report Version A



Test Report No.: RE2207WDGO0104-5

Detection probability

Detection Probability (Pd)

Parameter Channels whose nominal bandwidth
falls partly or completely within the |Other channels
5600 MHz to 5650 MHz band

CAC, Off-Channel CAC 99,99 % 60 %

In-Service Monitoring 60 % 60 %

NOTE: Pd gives the probability of detection per simulated radar burst and represents a minimum
level of detection performance under defined conditions. Therefore Pd does not represent
the overall detection probability for any particular radar under real life conditions.
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VERITAS

2.2 EUT INFORMATION
OPERATING FREQUENCY BANDS AND MODE OF EUT

Operational Mode

Operating Frequency Range

5250~5350MHz

5470~5725MHz

Slave without radar detection

v

v

EUT SOFTWARE AND FIRMWARE VERSION

Platform No. Product Model Name Software/lflrmware
Version
-- 1 Wi-Fi Module P2 v1.0/v1.0
DESCRIPTION OF AVAILABLE ANTENNAS TO THE EUT
ANT. | BRAND |mopEL |CONNECTOR|  ANT FRE‘:“E';CY NET CABLE
: TYPE TYPE GAIN(dBi) | LOSS(dBi)
(MHZ TO MHZ2)
5250 - 5350 1.60 0
1 N/A N/A N/A PCB
5470 - 5725 1.74 0
, External | 5250 - 5350 -0.08 0
2 N/A N/A pex PCB 5470 - 5725 0.87 0

Bureau Veritas Shenzhen Co., Ltd.
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2.3 TEST INSTRUMENTS

DESCRIPTION & CALIBRATED
MANUFACTURER O i L UNTIL
Spectrum Analyzer N9020A MY55400499 Mar. 20, 23
R&S Spectrum FSV7 R&S Nov 24, 22
MXG-B RF Vector Signal Generator N5182B MY56200288 Jan. 01, 23
Signal generator 8645A Agilent Aug.31, 22
2.4 DESCRIPTION OF SUPPORT UNITS
Support Unit information.
SOFTWARE/FIRMWAR
NO. PRODUCT BRAND MODEL NO. E VERSION
1 wireless router LINKSYS| WRT-3200ACM 1.0.0.174361

NOTE: This device was functioned as a XIMaster []Slave device during the DFS test.

Bureau Veritas Shenzhen Co., Ltd.

Dongguan Branch
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Test Report No.: RE2207WDGO0104-5

2.5 TEST PROCEDURE

The measured channel is 5300MHz and 5500MHz in 20MHz Bandwidth and
5270MHz and 5510MHz in 40MHz Bandwidth. The radar signal was the same as
transmitted channels, and injected into the antenna port of AP (master) with radar
signal, measured the channel shutdown. The slave transmitted the test data to

master, the transmitted duty cycle is 40.79%.
Channel Loading

1T Y e

| BR
B A

Lewvel [dBm]

T b S S R W

T Y SRR SRR Y A S
I ' ' ' I ' ' ' I

0 10 20 an 40 a0 &0 70 a0 90 10
Time [ms]

Note: Traffic signal: from slave transmit to master.

2.6 DEVIATION FROM TEST STANDARD

No deviation.
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2.7 TEST SETUP CONFIGURATION

Conducted setup configuration of DFS Measurement System

Control PC Radar Signal Generating
Subsystem
Ll e e e e e e el el i By al i i B Bl 1
| 1
! Spectrum e |
: Analyzer Wr :
I - I
1 |
| |
| 1
I LE I
| 1
[ e J e |
1 |
. Wr W)r c/s I
1 7 7 |
: Traffic Monitoring Subsystem :

Client (UUT) MASTER
(Support Unit)

The UUT is a RLAN device operating in slave mode, without Radar Interference Detection function.
The radar test signals are injected into the master device.

2.8 LIST OF MEASUREMENTS

The EUT is capable of operating as a slave (without radar detection).

Clause Test Parameter Remarks Pass/Fail
4.7.2.1 |Channel Availability Check Time Not Applicable N/A
4.7.2.2 |Off-Channel CAC Not implemented N/A
4.7.2.3 |In-Service Monitoring Not Applicable N/A
4.7.2.4 |Channel Shutdown Applicable Pass
4.7.2.5 |Non- Occupancy Period Not Applicable N/A
4.7.2.6 |Uniform Spreading Not Applicable N/A
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2.9 TEST RESULT

2.9.1 INTERFERENCE THRESHOLD VALUES

The AP Maximum EIRP Spectral Density is 11.22dBm/MHz and antenna gain is 3dBi.
DFS Detection Threshold = -62 + 10 - EIRP Spectral Density (11.22dBm/MHz) + G
(3dBi) = —-60.22dBm

The radar burst signal level to the AP connector is -60.51dBm

Spectrum | :21
Ref Level -12.50 dBm Offset 0.50 dBé @ RBW 1 MHz
b ALt 0de & SWT S0 ms @ VBW 3 MHz
TRG: ¥ID
Mi[1] -60.51 dBm
20 dBm 10.00000 ms
=30 dBm:
/[ 1 | Radar Signal
-40 dem / 1
-50 dBm
HLGRm | Noise Floor
P TRG -67.500 dBm j
-0 dBm
CF 5.53 GHz 32001 pts 8.0 ms/

Reference DFS test signal
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2.10 CHANNEL SHUTDOWND

802.11a

CH60

Channel Shutdown

1:Start of Channel Move Time T2:End of Channel Mave Time

“] Radar Signal 0.2
104 i -.

Level (dBm)

e - N o A i, " i

40+
504 Traffic Signal
- /

Per Bin Time:1.62ms Channel Close Time:81ms[T1 to T2 ON Bins:50] Channel Move Time:2063.88ms
r T T T T T T T T T T T T 1
0.0 10 20 30 40 50 60 7.0 80 9.0 100 1.0 120 130

Time(s)

NOTE: TO denotes the start of Radar signal time.
T1 denotes the data transmissions complete time.
T2 denotes the end of Channel Move Time.

CH100

Channel Shutdown

TO:Start of Radar signal Time T1:Start of Channel Move Time T2:End of Channel Mov

304 me

2] f Radar Signal ‘w: HJ.
T
N

104 T2 4.15¢

0+

ALl S ¢ y T L

T2
20

L
40+
- Traffic Signal | /

Level (dBm)

] JLLLLULLLLLLL i i : T ; i T ST

70
.80 -

30

100 Per Bin Time:1.62ms Channel Close Time:69.66ms[T1 to T2 ON Bins:43] Channel Move Time:2050.92ms
T

r T T T T T T T T T T T 1
00 10 20 30 40 5.0 60 7.0 80 9.0 100 1.0 120 130
Time(s)

NOTE: TO denotes the start of Radar signal time.
T1 denotes the data transmissions complete time.
T2 denotes the end of Channel Move Time.
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802.11n (HT40) mode

CH54
Channel Shutdown
- T0:Start of Radar signal Time T1:Start of Channel Move Time T2:End of Channe! Move Time
20
it [ Radar Signal
0 1 > |
10 | Moty it
T2
. 204 |
E
3 .30 |
g 40 |
¥l —
7 e i ol L e . ;
70 Traffic Signal [
80
a0
A= Per Bin Time:1.62ms Channel Close Time:64.8ms[T1 fo T2 ON Bins:40] Channel Move Time:2102.76ms
UTO 1‘r0 2.‘0 3“0 4‘10 5.‘0 6“0 7"0 S.’O S‘ID 16.0 11’.0 12‘0 13].0
Time(s)
NOTE: TO0 denotes the start of Radar signal time.
T1 denotes the data transmissions complete time.
T2 denotes the end of Channel Move Time.
CH102
Channel Shutdown
= T0:Start of Radar signal T T1:5tart of Channel Move Time TZEnd of Channel Mave Time
T0: 2.00s
204 . T1:210s
Radar Signal :
10 T2 4205
9 i
-104 i
o] T
E
g anq
T a0
0] Traffic Signal |
70 ‘ - e
80
<80
100~ Per Bin Time:1.62ms Channel Close Time:40.5ms[T1 to T2 ON Bins:25] Channel Move Time:2102.76ms
IlIEI 1IEI 2,‘1] EIU 4'[[ 5‘0 EiII] 7‘0 S‘EI S‘U 1U‘U 'i'IIEI 12‘0 TS:EI

Time(s)

NOTE: T0 denotes the start of Radar signal time.
T1 denotes the data transmissions complete time.
T2 denotes the end of Channel Move Time.
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3. PHOTOGRAPHS OF THE TEST CONFIGURATION

Dynamic Frequency Selection Test

Radar (conducted)
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4. APPENDIX A — MODIFICATIONS RECORDERS FOR ENGINEERING
CHANGES TO THE EUT BY THE LAB

No any modifications were made to the EUT by the lab during the test.

- END -
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