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Revision History
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equipment list

Note:
1 The remark "*" indicates modification of the report upon requests from certification

body.
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1 GENERAL INFORMATION

1.1 Product Description

Product Name: Wi-Fi & Bluetooth Module

Brand Name: QUECTEL

Model No.: AF51Y

Model Difference: N/A

Hardware Version: R1.0

Firmware Version: AG525RGLAAR01A16M4G_OCPU _01.011 (Remark: the SW of
) branch is Post-CS[13]0.0.125.1)

EUT Series No.: 01A21LS12000419

Power Supply: DC3.8V

. 64QAM, 16QAM, QPSK, BPSK for OFDM
Modulation type 256QAM for OFDM in 802.11ac only

1.2 DFS Firmware version:

B EH C\Windows\System32\cmd.exe - adb shell - O %
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1.3  RF specification

Wi-Fi Frequency Channels Modulation
802.11 Range Technology

5150~5250 4
5250~5350 4
a OFDM
5470~5725 12
5725-5850 5
5150~5250 4
n_HT  '5550~5350
ac_VHT OFDM
5725-5850
5150~5250
n_HT  '5550~5350
ac_VHT
5725-5850
5150~5250
ac_VHT |5250~5350
80M 5470~5725

5725-5850

N

—_
N

OFDM

OFDM

= IN[=2=2|N[ON[IN]|O;

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
BT FORE o SRR B R THPFL RS PO RSERFIR c AL ALAIP TR FET 2T INGAW -

his document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at http://www.sgs.com.tw/Terms-and-Conditions and for
electronic format documents, subject to Terms and Conditions for Electronic Documents at http://www.sgs.com.tw/Terms-and-Conditions. Attention is drawn to the limitation of liability, indemni-
fication and jurisdiction issues defined therein. Any holder of this document is advised that information contained hereon reflects the Company’s findings at the time of its intervention only and
within the limits of Client’s instructions, if any. The Company’s sole responsibility is to its Client and this document does not exonerate parties to a transaction from exercising all their rights and
obligations under the transaction documents. This document cannot be reproduced except in full, without prior written approval of the Company. Any unauthorized alteration, forgery or falsification
of the content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law.

No.134,Wu Kung Road, New Taipei Industrial Park, Wuku District, New Taipei City, Taiwan/#7#* % I % % #74* A £ F1 % 7 1 # 134 55
FAMRRPPLG G LR | (886-2) 2299-3279 f (886-2) 2298-0488 WWWw.sgs.com.tw

Member of SGS Group




Report No.: ER/2022/20059
Page: 6 of 20

1.4 Test Methodology of Applied Standards

FCC Part 15, Subpart E §15.407
FCC KDB 905462 D02 UNII DFS Compliance Procedures New Rules v02
FCC KDB 905462 D03 UNII Clients Without Radar Detection New Rules v01r02
RSS-247 issue 2 Feb. 2017
1.5 Test Facility

FCC Designa- IC CAB

Laboratory Test Site Address Test Site Name tion number identifier

SAC 1
SAC 3
Conduction 1
No.134, Wu Kung Road, New Taipei Conducted 1
Industrial Park, Wuku District, New Conducted 2 TWO0027

Taipei City, Taiwan. Conducted 3
Conducted 4
Conducted 5
Conducted 6

Conduction C

SGS Taiwan Ltd. SAC C
Central RF Lab. SACD TW3702
(TAF code 3702)

SAC G
Conducted A

No.2, Keji 1st Rd., Guishan District,
Taoyuan City, Taiwan 333 Conducted B TW0028

Conducted C
Conducted D
Conducted E
Conducted F
Conducted G

Note: Test site name is remarked on the equipment list in each section of this report as an indica-
tion where measurements occurred in specific test site and address.

1.6 Special Accessories

There are no special accessories used while test was conducted.

1.7 Equipment Modifications

There was no modification incorporated into the EUT.
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2 SUMMARY OF TEST RESULT

FCC Rules ISED Rules Description Of Test Result Note

IC RSS-247 is-
sue 1 §6.3

§15.407(h) TPC and DFS Measurement | Compliant N

Note
1. N/S Indicates whether item(s) being newly tested [N] or spot checked [S].

3 MEASUREMENT UNCERTAINTY

Test Items Uncertainty
TPC and DFS Measurement +/- 0.88 Hz
Temperature +/- 0.4 °C
Humidity +/- 3.5 %
DC / AC Power Source +/- 1 %

This uncertainty represents an expanded uncertainty expressed at approximately the
95% confidence level using a coverage factor of k=2.

The conformity assessment statement in this report is based solely on the test results,
measurement uncertainty is excluded.
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4 TPC AND DFS MEASUREMENT

4.1 TPC Requirements
According to Part 15.407 (h)(1) Transmit power control (TPC). U-NIl devices operating in
the 5.25-5.35 GHz band and the 5.47-5.725 GHz band shall employ a TPC mechanism. The
U-NII device is required to have the capability to operate at least 6 dB below the mean EIRP
value of 30 dBm. A TPC mechanism is not required for systems with an e.i.r.p. of less than
500 mW.

Result: N/A, TPC is not required.

4.2 DFS: Standard Applicable

According to §15.407(h)(2) and FCC KDB 905462 D02 , Radar Detection Function of Dy-
namic Frequency Selection (DFS).

Radar Detection Function of Dynamic Frequency Selection (DFS). U-NII devices operating
with any part of its 26 dB emission bandwidth in the 5.25-5.35 GHz and 5.47-5.725 GHz
bands shall employ a DFS radar detection mechanism to detect the presence of radar sys-
tems and to avoid co-channel operation with radar systems. Operators shall only use equip-
ment with a DFS mechanism that is turned on when operating in these bands. The device
must sense for radar signals at 100 percent of its emission bandwidth. The minimum DFS
detection threshold for devices with a maximum e.i.r.p. of 200 mW to 1 W is =64 dBm. For
devices that operate with less than 200 mW e.i.r.p. and a power spectral density of less than
10 dBm in a 1 MHz band, the minimum detection threshold is =62 dBm. The detection
threshold is the received power averaged over 1 microsecond referenced to a 0 dBi an-
tenna. For the initial channel setting, the manufacturers shall be permitted to provide for ei-
ther random channel selection or manual channel selection.

(i) Operational Modes. The DFS requirement applies to the following operational
modes:

(a) The requirement for channel availability check time applies in the master opera-
tional mode.

(b) The requirement for channel move time applies in both the master and slave
operational modes.

(i) Channel Availability Check Time. A U-NIl device shall check if there is a radar sys-
tem already operating on the channel before it can initiate a transmission on a
channel and when it has to move to a new channel. The U-NII device may start us-
ing the channel if no radar signal with a power level greater than the interference
threshold values listed in paragraph (h)(2) of this section, is detected within 60
seconds.
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(i)  Channel Move Time. After a radar's presence is detected, all transmissions shall
cease on the operating channel within 10 seconds. Transmissions during this pe-
riod shall consist of normal traffic for a maximum of 200 ms after detection of the
radar signal. In addition, intermittent management and control signals can be sent
during the remaining time to facilitate vacating the operating channel.

(iv)  Non-occupancy Period. A channel that has been flagged as containing a radar
system, either by a channel availability check or in-service monitoring, is subject to
a non-occupancy period of at least 30 minutes. The non-occupancy period starts

at the time when the radar system is detected.

According to RSS 247 §6.2.3, Until further notice, devices subject to this section shall not
be capable of transmitting in the band 5600-5650 MHz. This restriction is for the protection

of Environment Canada’s weather radars operating in this band.

According to RSS 247 §6.3,Devices operating in the bands 5250-5350 MHz, 5470-5600

MHz and 5650-5725 MHz band shall comply with the following:

(a) DFS radar signal detection threshold

Devices shall employ a DFS radar detection mechanism to detect the presence of radar

systems and to avoid co-channel operation with radar systems. The device must detect

radar signals within its entire emission bandwidth. The minimum DFS radar signal detec-

tion threshold is described below.

Devices DFS Threshold
Devices with an e.i.r.p. <200 mW AND a Power Spectral Density < 10 dBm/MHz -62 dBm
Devices with 200 mW < e.i.rp. <1 W -64 dBm

Note: The detection threshold power is the received power, averaged over a 1-microsecond reference to a 0

dBi antenna.

(b) Operational requirements

Devices shall comply with the following requirements, however, the requirement for in-
service monitoring does not apply to slave devices without radar detection.

(i) In-service monitoring: an LE-LAN device shall be able to monitor the operating channel
to check that a co-channel radar has not moved or started operation within range of
the LE-LAN device. During in-service monitoring, the LE-LAN radar detection function
continuously searches for radar signals between normal LE-LAN transmissions.

(i) Channel availability check time: the device shall check whether there is a radar system
already operating on the channel before it initiates a transmission on a channel and
when it moves to a channel. The device may start using the channel if no radar signal
with a power level greater than the interference threshold value specified in Section
6.3.1 above is detected within 60 seconds. This requirement only applies in the master

operational mode.
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(i) Channel move time: after a radar signal is detected, the device shall cease all trans-
missions on the operating channel within 10 seconds.

(iv) Channel closing transmission time: is comprised of 200 ms starting at the beginning of
the channel move time plus any additional intermittent control signals required to facili-

tate a channel move (an aggregate of 60 ms) over the remaining 10-second period of

the channel move time.

(v) Non-occupancy period: a channel that has been flagged as containing a radar signal,
either by a channel availability check or in-service monitoring, is subject to a 30-mi-

nute non-occupancy period where the channel cannot be used by the LE-LAN device.

The non-occupancy period starts from the time that the radar signal is detected.

4.3 Limit

Table 1: Applicability of DFS requirements prior to use of a channel

Operational Mode

width

Requirement
Master Client(without radar| Client(with radar
detection) detection)
Non-occupancy Period Yes Not required Yes
DFS Detec:)t;gn Thresh- Yes Not required Yes
Channel Availability . .

Check Time Yes Not required Not required

U-NII Detection Band- Yes Not required Yes

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.

RELT FORP o LSS EHRRIRSE o RO RSTERTIE o AL AL AP L 5T

his document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at http://www.sgs.com.tw/Terms-and-Conditions and for
electronic format documents, subject to Terms and Conditions for Electronic Documents at http://www.sgs.com.tw/Terms-and-Conditions. Attention is drawn to the limitation of liability, indemni-
fication and jurisdiction issues defined therein. Any holder of this document is advised that information contained hereon reflects the Company’s findings at the time of its intervention only and
within the limits of Client’s instructions, if any. The Company’s sole responsibility is to its Client and this document does not exonerate parties to a transaction from exercising all their rights and
obligations under the transaction documents. This document cannot be reproduced except in full, without prior written approval of the Company. Any unauthorized alteration, forgery or falsification

s R T IR AT e

of the content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law.
No.134,Wu Kung Road, New Taipei Industrial Park, Wuku District, New Taipei City, Taiwan/#7# # 7 "< % A7 & £ F % 7 1§ 134 5.

SRR AHRSF AT | 1(886-2) 2299-3279

f (886-2) 2298-0488

www.sgs.com.tw

Member of SGS Group




Report No.: ER/2022/20059
Page: 11 of 20

Table 2: Applicability of DFS requirements during normal operation

Requirement

Operational Mode

Master Device or Client
with Radar Detection

Client Without
Radar Detection

DFS Detection Threshold Yes Not required
Channel Move time Yes Yes
U-NII Detection Bandwidth Yes Not required

Additional requirements
for devices with multiple
bandwidth mode

Master Device or Client
with Radar Detection

Client Without Radar
Detection

U-NII Detection Band-
width and Statistical
Performance Check

All BW modes must be
tested

Not required

Channel Move Time and
Channel Closing Trans-
mission Time

Test using widest BW
mode available

Test using the widest BW
mode available for the link

All other tests

Any single BW mode

Not required

Note: Frequencies selected for statistical performance check (Section 7.8.4) should in-
clude several frequencies within the radar detection bandwidth and frequencies near the
edge of the radar detection bandwidth. For 802.11 devices it is suggested to select fre-
quencies in each of the bonded 20 MHz channels and the channel center frequency.

Table 3: Interference Threshold values, Master or Client incorporating In-Service Monitoring
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Maximum Transmit Power Value
{See Notes 1, 2, and 3)
EIRP = 200 mllrwatt -64 dBm
EIRP = 200 milliwatt and -62 dBm
power spectral density < 10 dBm/MHz
EIRP = 200 mulliwatt that do not meet the power spectral -64 dBm
density requirement

Note 1: This is the level at the input of the receiver assuming a 0 dBi receive antenna.

Note 2: Throughout these test procedures an additional 1 dB has been added to the amplimde of the test
transmission waveforms to account for variations in measwrement equipment. This will ensure that the
test signal is at or above the detection threshold level to trigger a DFS response.

Noted: EIRP is based on the highest antenna gain. For MIMO devices refer to KDB Publication 662911
DOl.

Table 4: DFS Response requirement values

Parameter Value

Non-occupancy period Minimum 30 minutes
Channel Availability Check Time 60 seconds

Channel Move Time 10 seconds

See Note 1.

Channel Closing Transmission Time 200 milliseconds + an
aggregate of 60
milliseconds over
remaining 10 second
period.

See Notes 1 and 2.

L-NII Detection Bandwidth Minimum 100% of the U-
NII 99% transmission
power bandwidth. See
Note 3.

Note 1: Channel Move Time and the Channel Closing Transmission Time should be performed with
Radar Type 0. The measurement timing begins at the end of the Radar Type 0 burst.

Note 2: The Channel Closing Transmission Time 1s comprised of 200 milliseconds starting at
the begmning of the Channel Move Time plus any additional intermittent control signals required
to facilitate a Channel move (an aggregate of 60 milliseconds) during the remainder of the 10
second period. The aggregate duration of control signals will not count quiet periods in between
Tansmissions.

Note 3: During the U-NII Detection Bandwidth detection test, radar type 0 should be used. For
each frequency step the munimum percentage of detection 15 90 percent. Measurements are
performed with no data traffic.

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
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Table 5: Radar Test Waveforms
Short Pulse Radar

Report No.: ER/2022/20059

Page: 13 of 20

Radar Pulse PRI Number of Pulses Minimmnm Mininmumn
Tvpe Width {usec) Percentage of | Number
{usec) Successful of
Detection Trials
0 1 1428 18 See Note 1 See Note
1
1 1 Test A: 15 umque 1 60% 30
PRI values | 360 J )
randomly selected | Roundup! .
from the list of 23 19-10°
PRI values in ‘ PRI . |
Table 5a S
Test B: 15 unique
PRI values
randomly selected
within the range
of 518-3066 psec,
with a minimum
mcrement of 1
psec, excluding
PRI values
selected 1n Test A
2 1-5 150-230 23-29 60% 30
3 6-10 200-500 16-18 60% 30
4 11-20 200-500 12-16 60% 30
Agpgregate (Radar Types 1-4) 80% 120
Note 1: Short Pulse Radar Type 0 should be used for the detection bandwidth test, channel move
time, and channel closing time tests.

Long Pulse Radar

Badar Pulse Chirp PRI Number MNumber Mininmim Minimum
Type Width Width (pusec) of Pulses | of Bursts | Percentage of | Number of
(psec) (MHz) per Burst Successful Trials
Detection
5 50-100 5-20 1000- 1-3 8-20 80% 30
2000
Frequency Hopping Radar
FEadar | Pulse PRI | Pulses | Hopping Hopping Minimum Minimmm
Type | Width | (psec) per Rate Sequence Percentage of Number of
(psec) Hop (kHz) Length Successful Trials
(msec) Detection
6 1 333 9 0.333 300 70% 30

The applicant of this given application confirms that information regarding the parame-
ters of the detected Radar Waveforms is not available to the end user.

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
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5 TEST SETUP

Report No.: ER/2022/20059
Page: 14 of 20

Setup for Client with injection at the Master

Radar Test )
Signal Generator Master
Cul;'l.l.(:l':]
L{M 2-Way 2-Way
Splitter! -—-—r Em Spittes/
FEL | Combiner S Combiner |-
(o] L——mo Spectrum
uuT Analyzer
(Chient) {with 10 d8 infernal
ARlguabion)
5.1 Test Equipment Used:
Conducted Emission Test Site: Conducted 6
EQUIPMENT TYPE MFR MODEL NUM- | SERIAL NUM-| | rsT cAL. | CAL DUE.
BER BER
EXA Spectrum Analyzer KEYSIGHT N9010B MY59071541 | 07/14/2021 | 07/13/2022
Signal Generator KEYSIGHT N5182B MY61252553 | 09/22/2021 | 09/21/2022
Attenuator KEYSIGHT 8494B TH60073121 | 12/14/2021 12/13/2022
Attenuator KEYSIGHT 8496B TH60073123 | 12/14/2021 12/13/2022
Power Divider RF-LAMBAD | RFLT2W1G18G 11'J%'1°8F412' 1201412021 | 12/13/2022
Power Divider RF-LAMBDA | RFLT2W1G18G | 18112200202 | 12/14/2021 12/13/2022
Power Divider RF-LAMBDA | RFLT2W1G18G | 21032900043 | 12/14/2021 12/13/2022
Power Divider RF-LAMBDA | RFLT4W1G18G | 18090300133 | 12/14/2021 12/13/2022
N7607B Signal
Test Software KEYSIGHT |[Stdio for DFS Ra-| Ver. 3.2.0.0 N.C.R N.C.R
dar profile
Notebook Lenovo T14 PF-380WLW N/A N/A
Notebook Lenovo L430 R9-XFGOX N/A N/A
FCC ID :MSQ-
RTAXHPOO
, IC : 3568A-
Accece Ponit ASUS RT-AX88U RTAXHPOO N/A N/A
CAN ICES-
3(B)/NMB-3(B)

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
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5.2 Description of EUT:

EUT operates over the 5250-5350MHz and 5470-5725MHz ranges and EUT is a slave device
(client equipment) w/o radar detection and DFS capability.

EUT has no TPC mechanism implemented, the level of output power stays at fixed and not ad-
justable.

WLAN traffic is generated by streaming the mpeg file from the master to slave in full monitor video
mode using the media player.

The rated output power of the master unit is =23dBm(EIRP).therefore the required interference
threshold level is -64dBm.after correction for antenna gain and procedural adjustments, the re-
quired conducted threshold at the antenna port is -64dBm.

The rated output power of the master unit is <23 dBm(EIRP).therefore the required interference
threshold level is -62dBm.after correction for antenna gain and procedural adjustments, the re-
quired threshold at the antenna port is -62dBm.

While calibrate the path on antenna port of DFS test equipment (master), measurements equip-
ment (spectrum) is ensured to be 50 Ohms, and therefore verification on antenna gain measure-
ment can be ignored.

Message or files that is used for communication between Master and Client:

IP based system:

For the required channel loading, send packets via software to reach a pay load of at least 17%,
via the DFS Master device to the UE.

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
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5.3 Test results

5.3.1 Radar waveforms
Radar type 0

KEYSIGHT lops Ri Ingadt £ 50 sAsan O 08 0 Fast g Type: Log-Pows
o] Cowt COat o Tng Feem Ran
Ngn Auln Freg Rl el [5) IF Gan: Hgh
Sig Track: O

Rl -

ScalaDiv 10 dB Rl Laved -20,00 dBmi

{5tant Freq
5.530000000 GH

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
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5.3.2 WLAN traffic

R D TR T
o

[HEFLILY e ]

KE'\"SIGHT Iput R g Ty i P
Al e Tng Frem Hem

Frequengy v

Mo haki ¥ ooy Rk bt (5 [
g Tiack O

Scale’Dre 10 0B o Level 20.00 gim

{ 5530000000 GHr

iS00 Freg

1 5530000000 GHz

Conter 5 530000000 GHz
Res BW 2.0 MHx

== I‘":: !_..—: - ? K

Duty Cycla 23.55056 % 3 The Channel Loading must be more than 17%
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5.3.3 Channel closing transmission and Move time

Channel Shutdown Result

Detection Threshold Level (dBm)

-64

Channel Closing Transmis-

Modulation Mode Freq. (MHz) Radar Test Signal sion Time(ms) Channel Move Time(s)
200ms~10sec
VHT80 5530 Type 0 0 0.140
Limit 60 ms 10 sec
Result Complied

Channel Move and Closing Transmission Time - 1

50

Channel Move Time

Tl 2102428 Sec{Radar injection)

T1 2 164 Sec(Eut Move Tes)

T2 3 2428 Socl 200ms Intensl)

Channad Mowe Time: 0.1

4 Sec

=3
i3

Channel Ciosng Transmission Time: 0 5ac
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Channel Move and Closing Transmission Time - 2

Channel Closing Transmission Time

iy b T
40 = r-« L r".ﬂ- f~a b P e | 1
| Il
;l:...l ‘ | 14| i - |. . |
W=4 ! | | { ! -1 I
St
41 11 1 | | 1 ) | 1 .
E A N -p.! W W N J T PR PYRT TS VST JRY) TR | T

50
&0 | 1]
N =- |
= T T r LB T T T
1 L3 2 i% |
Time{Sec)
T 2 02428 SeciRadar Injection) Channed Move Time: .14 Sec
THE 10 el ) Channel Ciosng Transmission Time: 0 Sec

T2 3 22428 Secl200ms niensal)

Verdict: Note: narrowing the sweep time as the good engineering process for the verification of
transmission closing in 200ms
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Non-occupancy Period (without radar detection)

el

KEYSIGHT ' BF : PHIOD Fast Jog Typee: Lo Powed
itl Ny Caley 08 Trg. Feea Ren
Frag Ral i {5 IF Gati: Low
g Track, 0

0.00000000 Hz

ScalaiDiv 10 dB Rl Lewid 0,00 dBm ! Swepl Span
Zem Span

I?F-—
{5t Freq

1,7 || 5530000000 Giz

Fumciion Furction Widh Funchon Valus

Verdict: To verify whether channel is unavailable to be operated in 30 minutes.
1.8ks = 1800s = 1800 s/min /60 = 30minute
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