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2 Details about the Test Laboratory

Details about the Test Laboratory
Test Site 1

Company name:  TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch
No.16 Lane, 1951 Du Hui Road,
Shanghai 201108,

P.R. China
Telephone: +86 21 6141 0123
Fax: +86 21 6140 8600
FCC Registration 820234
No.:
FCC Designation CN1183
Number:
ISED CAB CNO0101
identifier

IC Registration 31668
No.:
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3 Description of the Equipment under Test

Product:

Model no.:

Hardware Version

Identification No. (HVIN)

Product Marketing
Name (PMN)

FCC ID:
IC:

Options and
accessories:

Rating:

RF Transmission
Frequency:

No. of Operated
Channel:

EMC_SHA_F_R_02.04E

CCU
Lime-CCU23

Lime-CCU23

Lime-CCU23

2APB2-LIME-CCU23
32977-LIMECCU23

NA

DC 42V/54V

For 2.4G Wi-Fi:
For 802.11b/g/n-HT20: 2412~2462 MHz

For 5G Wi-Fi:

5180~5240 MHz (U-NII-1)
5260~5320 MHz (U-NII-2A)
5500~5720 MHz (U-NII-2C)
5745~5825 MHz (U-NII-3)

The device shall not be capable of transmitting in the 5600-5650 MHz

band.

For BLE (Modulel): 2402~2480 MHz
For EDR (Modulel): 2402~2480 MHz
For BLE (Module2): 2402~2480 MHz
For EDR (Module2): 2402~2480 MHz

For 2.4G Wi-Fi:
11 for 802.11b/802.119/802.11n(H20)

For 5G Wi-Fi:
5180~5240 MHz (U-NII-1)

TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch
3-13, No.151, Heng Tong Road, Shanghai, 200070, P.R. China
Phone: +86 21 61410123, Fax:+86 21 61408600
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5260~5320 MHz (U-NII-2A)
5500~5700 MHz (U-NII-2C)
5745~5825 MHz (U-NII-3)
For BLE (Modulel): 40
For EDR (Modulel): 79
For BLE (Module2): 40
For EDR (Module2): 79
Modulation: For 2.4G Wi-Fi:
Direct Sequence Spread Spectrum (DSSS) for 802.11b
Orthogonal Frequency Division Multiplexing (OFDM) for 802.11g/n

For 5G Wi-Fi:
Orthogonal Frequency Division Multiplexing (OFDM) for 802.11a/n/ac

For BLE (Modulel): GFSK
For EDR (Modulel): GFSK, /4 DQPSK, 8DPSK
For BLE (Module2): GFSK

For EDR (Module2): GFSK, /4 DQPSK, 8DPSK

Hardware Version: EG21GGFR07A01M4G_OCPU_NCFG_QDM549 01.200.01.002
Software Version: V1.2
Data speed: For 2.4G Wi-Fi:

11b 1-11Mbps
11g 6-54Mbps
11n(H20) 6.5-72.2Mbps

For 5G Wi-Fi:
11a 6 ~ 54Mbps,
11n HT20 6.5 ~ 72.2Mbps,
1lac VHT20 6.5 ~ 86.7Mbps, 11ac VHT40 13.5 ~ 200Mbps,
1lac VHT80 29.3 ~ 433.3Mbps

For BLE (Modulel): 1Mbps

For EDR (Modulel): 1Mbps, 2Mbps, 3Mbps

TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch
EMC—SHA—F—R—02'04E 3-13, No.151, Heng Tong Road, Shanghai, 200070, P.R. China Page 5 of 65
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Channel list:

EMC_SHA_F_R_02.04E

For BLE (Module2): 1Mbps, 2Mbps

For EDR (Module2): 1Mbps, 2Mbps, 3Mbps

For 2.4G Wi-Fi:
802.11b/g/n(HT20)
Ch | Fre(MHz) | Ch | Fre(MHz)
1 | 2412 7 | 2442
2 2417 8 | 2447
3 | 2422 9 |[2452
4 | 2427 10 | 2457
5 12432 11 | 2462
6 |2437
For 5G Wi-Fi:
: Channel center
Operating frequencies for
Band (GHz) Channel
Number 2QMHZ
bandwidth (MHZz)
36 5180
40 5200
5.15GHz~5.25GHz 24 5220
48 5240
52 5260
56 5280
5.25GHz~5.35GHz 60 5300
64 5320
100 5500
104 5520
108 5540
112 5560
5.5GHz~5.7GHz 116 5580
132 5660
136 5680
140 5700
144 5720
149 5745
153 5765
5.725GHz~5.825GHz 157 5785
161 5805
165 5825

TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch
3-13, No.151, Heng Tong Road, Shanghai, 200070, P.R. China
Phone: +86 21 61410123, Fax:+86 21 61408600
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EMC_SHA_F_R_02.04E
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. Channel center
Operating frequencies for
Band (GHz) Channel
Number 4QMHZ
bandwidth (MHz)
38 5190
5.15GHz~5.25GHz 16 5230
54 5270
5.25GHz~5.35GHz 62 5310
102 5510
110 5550
5.5GHz~5.7GHz 134 5670
142 5710
151 5755
5.725GHz~5.825GHz 159 5795
: Channel center
Operating frequencies for
Band (GHz) Channel
Number 8QMHZ
bandwidth (MHZz)
5.15GHz~5.25GHz 42 5210
5.25GHz~5.35GHz 58 5290
106 5530
5.5GHz~5.7GHz 138 5690
5.725GHz~5.825GHz 155 5775
For BLE
Ch | Fre(MHz) | Ch | Fre(MHz) | Ch | Fre(MHz) | Ch | Fre(MHz)
0 2402 | 10 2422 | 20 2442 30 2462
1 2404 | 11 2424 | 21 2444 31 2464
2 2406 | 12 2426 | 22 2446 32 2466
3 2408 | 13 2428 | 23 2448 33 2468
4 2410 | 14 2430 | 24 2450 34 2470
5 2412 | 15 2432 | 25 2452 35 2472
6 2414 | 16 2434 | 26 2454 36 2474
7 2416 | 17 2436 | 27 2456 37 2476
8 2418 | 18 2438 | 28 2458 38 2478
9 2420 | 19 2440 | 29 2460 39 2480
For EDR
Fre Fre Fre Fre Fre
Ch T ommy [ CM [ ovmy | M | vk | €D L ovky | © | (M)
112402 | 172418 | 332434 | 49|2450| 65| 2466
212403 | 18[2419| 34|2435| 50|2451| 66| 2467
312404 | 19[2420| 35|2436| 512452 | 67| 2468
412405 202421 | 36|2437| 52|2453| 68| 2469

TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch
3-13, No.151, Heng Tong Road, Shanghai, 200070, P.R. China
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Antenna Type:

Antenna Gain:

Description of the EUT:

Test sample no.:

EMC_SHA_F_R_02.04E

512406 | 212422 | 372438 | 532454 | 69| 2470

612407 | 2212423 | 382439 | 5412455 | 70| 2471

712408 | 2312424 | 392440 55]2456| 71| 2472

812409 | 24 12425| 402441 | 562457 | 72| 2473

912410 | 25|2426| 412442 | 572458 | 73| 2474
1012411 | 262427 | 422443 | 582459 | 74| 2475
112412 | 27 2428 | 432444 | 592460 | 75| 2476
12 12413 | 282429 | 44 12445| 602461 | 76| 2477
132414 | 292430 | 452446 | 61 |2462| 77| 2478
1412415 | 30|2431| 462447 | 622463 | 78| 2479
1512416 | 312432 | 472448 | 63 |2464 | 79| 2480
16 | 2417 | 32| 2433 | 482449 | 64| 2465

For 2.4G Wi-Fi: FPC

For 5G Wi-Fi: FPC

For BLE (Modulel): FPC

For EDR (Modulel): FPC

For BLE (Module2): FPC

For EDR (Module2): FPC

For 2.4G Wi-Fi: 1.96 dBi

For 5G Wi-Fi: 3.52 dBi

For BLE (Modulel): 1.96 dBi
For EDR (Modulel): 1.96 dBi
For BLE (Module2): 3.16 dBi

For EDR (Module2): 3.16 dBI

The Equipment Under Test (EUT) is a CCU with Wi-Fi Module,
BLE/EDR Module and LTE Module. The EUT support Wi-Fi operated
at 2.4GHz and 5GHz.

SHA-843416-2 (Radiated sample)

SHA-843416-3 (Conducted sample)

TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch

3-13, No.151, Heng Tong Road, Shanghai, 200070, P.R. China
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The sample’s mentioned in this report is/are submitted/ supplied/ manufactured by client. The
laboratory therefore assumes no responsibility for accuracy of information on the brand name,
model number, origin of manufacture, consignment, antenna gain or any information supplied.

TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch
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4 Summary of Test Standards

Test Standards
FCC Part 15 Subpart C PART 15 - RADIO FREQUENCY DEVICES
10-1-2023 Edition Subpart C - Intentional Radiators
RSS-Gen Issue 5 General Requirements for the Certification of Radio
Amendment 2 Apparatus
February 2021
RSS-247 Issue 3 Digital Transmission Systems (DTSS), Frequency Hopping
August 2023 Systems (FHSS) and License-Exempt Local Area Network
(LE-LAN) Devices

All the test methods were according to KDB 558074 D01 15.247 Measurement Guidance
v05r02 and ANSI C63.10-2013.

TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch
EMC—SHA—F—R—02'04E 3-13, No.151, Heng Tong Road, Shanghai, 200070, P.R. China Page ;’0 O;36c)50
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5 Summary of Test Results

&)

Technical Requirements

FCC Part 15 Subpart C & RSS-247 Issue 3/RSS-Gen Issue 5

requirement

" Test Test Result
Test Condition Pages Site | Pass FEaill N/A
§15.207 Rss-GENgg | Conducted emission | g, | X LT U
AC power port
§15.247 (b) (3) | RSS-247 5.4(a) | COnducted average |y g o | oy | 4 LI L
output power
Equivalent Isotropic . X [ L
RSS-247 5.4(d) | o2 dited Power 18-26 | Site 1
20dB bandwidth and L1 O X
§15.247(a)(1) RS 247 >4 | 9996 Occupied
-Gen 6.7 .
Bandwidth
§15.247()(1) | RSS-247 5.1(h) | SAMer frequency U0 K
separation
§15.247(a)(1)(ii) | RSS-247 5.1(d) | Moot T hoPRINg U0
requencies
Dwell Time - Average [] [] X
§15.247(a)(1)(iii) | RSS-247 5.1(d) | i of Occupancy
§15.247(a)(2) RSS-247 6dB bandwidth and X O U
5.2(a) & RSS- | 99% Occupied 27-33 | Site 1
GEN 6.7 Bandwidth
RSS-247 Power spectral . X [ L
§15.247(e) 5.2(b) density 34-37 | Site 1
Spurious RF X 1 O
815.247(e) RSS-247 5.5 | conducted 38-47 | Site 1
emissions
815.247(d) RSS-247 5.5 | Band edge 48-54 | Site 1 > H
§15.247(d) & RSS-247 5.5 | Spurious radiated X O U
815.209 & & RSS-Gen emissions for 55-61 | Site 1
§15.205 6.13 transmitter
§15.203 RSS-Gen 6.8 | ~Ntenna See note 1 U u

Remark 1: N/A — Not Applicable.
Remark 2: The EUT only operation at 2.4G Wi-Fi and 5G Wi-Fi UNIl Band (5180MHz-5240MHz,
5260~5320 MHz, 5500~5720 MHz, 5745MHz-5825MHz).

Note 1: The EUT uses a FPC antenna, which gain is 1.96 dBi for 2.4GWi-Fi, 3.52 dBi for 5GWi-Fi. In
accordance to 815.203 and RSS-Gen 6.8, It is considered sufficiently to comply with the provisions of

this section.

EMC_SHA_F_R_02.04E

TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch
3-13, No.151, Heng Tong Road, Shanghai, 200070, P.R. China

Phone: +86 21 61410123, Fax:+86 21 61408600

Page

11 of 65
Rev. 23.00




Report Number: 709502403822-00C Revl

15.203 requirement: An intentional radiator shall be designed to ensure that no antenna other than that
furnished by the responsible party shall be used with the device. The use of a permanently attached
antenna or of an antenna that uses a unique coupling to the intentional radiator, the manufacturer may
design the unit so that a broken antenna can be replaced by the user, but the use of a standard antenna
jack or electrical connector is prohibited. 15.247(c) (1)(i) requirement: (i) Systems operating in the 2400-
2483.5 MHz band that is used exclusively for fixed. Point-to-point operations may employ transmitting
antennas with directional gain greater than 6dBi provided the maximum conducted output power of the
intentional radiator is reduced by 1 dB for every 3 dB that the directional gain of the antenna exceeds
6dBi

TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch
EMC—SHA—F—R—02'04E 3-13, No.151, Heng Tong Road, Shanghai, 200070, P.R. China Page ;-ng236050
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6 General Remarks
Remarks

This submittal(s) (test report) is intended for FCC ID: 2APB2-LIME-CCU23,
IC: 32977-LIMECCU23 complies with Section 15.207, 15.209, 15.247 of the FCC Part 15,
Subpart C Rules and RSS-247, RSS-GEN.

This report is only for 2.4GHz Wi-Fi test report, for the 5GHz Wi-Fi test report please refer to
709502403822-00A, for the BLE (Modulel) test report please refer to 709502403822-00D, for
the EDR (Modulel) test report please refer to 709502403822-00E, for the BLE (Module2) test
report please refer to 709502403822-00F, for the EDR (Module2) test report please refer to
709502403822-00G.

SUMMARY:
All tests according to the regulations cited on page 6 were

B - Performed

O - Not Performed

The Equipment under Test

W - Fulfills the general approval requirements.

O - Does not fulfill the general approval requirements.

Sample Received Date: June 19, 2024
Testing Start Date: June 21, 2024
Testing End Date: November 4, 2024

-TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch

Reviewed by: Prepared by: Tested by:

H e e - Li(:*ﬁ' u,r:ﬂﬂ% .|"- @

s i | | 1
'J-.lﬂf'h':‘rﬂr‘.:'r L
L
Hui TONG Wengiang LU Chengijie GUO
Review Engineer Project Engineer Test Engineer
EMC SHA F R 02.04E TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch page 13 of 65
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7 Test Setups

7.1 AC Power Line Conducted Emission test setups

- 40cm
EUT

B0rm

|™

LISN

Measunng
Receiver

L
Ll

7.2 Radiated test setups

9kHz ~ 30MHz Test Setup:

EUT

Sis
T [ a |
08m M 3 M —
(Turntable)

Test Receiver [[ 7 A 3|l

. es 3
$--9

EMC SHA F R 02.04E TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch
— - = - 3-13, No.151, Heng Tong Road, Shanghai, 200070, P.R. China
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30MHz ~ 1GHz Test Setup:

y—

1~4m (Antenna Tower)
Antenna
EUT l | V i

| s ———— | ! A

0.8Tm H— 3m » b-
(Turntable) = =

Test Receiver [_] -l]

1GHz ~ 18GHz Test Setup:

1~4m

' = . b
(Turntable) e

T Pre-Amplifier
]

: =8
Spectrum Analyzer _,Igm’ e >
1
¢ I — i L .
EMC SHA F R 02.04E TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch Page 15 of 65
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18GHz ~ 25GHz Test Setup:

]

1~4m . (Antenna Tower)

l Antenna

A S m Analyzer

e
r 3 '!_j
“—3m——* L |

(Turntable)

7.3 Conducted RF test setups

Signal spectrum analyzer EUT

TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch
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8 Systems test configuration

Auxiliary Equipment Used during Test:

&)

DESCRIPTION

MANUFACTURER

MODEL NO.(SHIELD)

S/IN(LENGTH)

Notebook

Lenove

E470

PF-OU5TS7 17/09

Test software: adb.exe, which used to control the EUT in continues transmitting mode.

The system was configured to channel 1(2412MHz), 6(2437MHz), and 11(2462MHz).

Test Mode Applicability and Tested Channel Detail:

Mode Tested Data Rate Modulation Index Value_
Channel (Mbps) (Power level setting)

1 1 CCK 20

802.11b 6 1 CCK 20
11 1 CCK 20

1 6 OFDM 19

802.119g 6 6 OFDM 19
11 6 OFDM 19

1 MCSO0 OFDM 18

802.11n HT20 6 MCSO0 OFDM 18
11 MCSO0 OFDM 18

Non-hopping mode: The system was configured to operate at a signal channel transmitting. The
test software allows the configuration and operation at the worst-case duty and the highest

transmit power.

EMC_SHA_F_R_02.04E
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9 Technical Requirement

9.1 Conducted Average output power and EIRP

Test Method (1)

Measure the duty cycle D of the transmitter output signal.

Set span to at least 1.5 times the OBW.

Set RBW = 1% to 5% of the OBW, not to exceed 1 MHz.

Set VBW 2 [3 x RBW].

Number of points in sweep = [2 x span / RBW]. (This gives bin-to-bin spacing < RBW / 2, so

that narrowband signals are not lost between frequency bins.)

Sweep time = auto.

Detector = RMS (i.e., power averaging), if available. Otherwise, use the sample detector

mode.

Do not use sweep triggering. Allow the sweep to “free run.”

Trace average at least 100 traces in power averaging (rms) mode; however, the number of

traces to be averaged shall be increased above 100 as needed such that the average

accurately represents the true average over the ON and OFF periods of the transmitter.

10.Compute power by integrating the spectrum across the OBW of the signal using the
instrument’s band power measurement function with band limits set equal to the OBW band
edges. If the instrument does not have a band power function, then sum the spectrum levels
(in power units) at intervals equal to the RBW extending across the entire OBW of the
spectrum.

11.Add [10 log (1 / D)], where D is the duty cycle, to the measured power to compute the
average power during the actual transmission times (because the measurement represents
an average over both the ON and OFF times of the transmission).

arwnE

~N o

© ®

Test Method (2)

1) The EUT is configured to transmit continuously, or to transmit with a constant duty cycle.
2) At all times when the EUT is transmitting, it shall be transmitting at its maximum power
control level.

3) The integration period of the power meter exceeds the repetition period of the transmitted
signal by at least a factor of five.

4) Measure the peak power of the transmitter. This measurement is a peak over both the ON
and OFF periods of the transmitter.

Wideband Power Sensor EUT

]

Attenuator

Wideband Power Sensor conducted test setup

TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch
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Limits
According to 815.247 (b) (3) & RSS-247 5.4(d), conducted peak output power limit as below:

Frequency Range Limit Limit

MHz W dBm

Conducted peak output power 2400-2483.5 <1 <30
e.i.r.p. 2400-2483.5 <4 <36

Test result (average power) as below table

802.11B
Duty cycle Conducted Total e.i.r.p.
Frequency Factor Power Power(average) Result
MHz dB dBm dBm dBm
Low channel
2419MHz 0 18.69 18.69 20.65 Pass
Middle channel
2437TMHzZ 0 20.26 20.26 22.22 Pass
High channel
>469MHzZ 0 18.83 18.83 20.79 Pass
802.11G
Duty cycle Conducted Total e.i.r.p.
Frequency Factor Power Power(average) Result
MHz dB dBm dBm dBm
Low channel
2419MHz 0.3 16.9 17.2 19.16 Pass
Middle channel
2437MHzZ 0.23 18.19 18.42 20.38 Pass
High channel
5462MHz 0.25 16.85 17.1 19.06 Pass
802.11N20
Duty cycle Conducted Total e.i.r.p.
Frequency Factor Power Power(average) Result
MHz dB dBm dBm dBm
Low channel
2419MHz 0.32 15.54 15.86 17.82 Pass
Middle channel
2437MHz 0.33 16.97 17.3 19.26 Pass
High channel
5462MHz 0.26 15.96 16.22 18.18 Pass

EMC_SHA_F_R_02.04E
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&)

Duty Cycle
Condition | Mode Frequency Antenna | Duty Cycle | Correction Factor
(MHz) (%) (dB)
NVNT b 2412 Antl 99.12 0
NVNT b 2437 Antl 99.12 0
NVNT b 2462 Antl 99.12 0
NVNT g 2412 Antl 93.24 0.3
NVNT g 2437 Antl 94.77 0.23
NVNT g 2462 Antl 94.5 0.25
NVNT n20 2412 Antl 92.79 0.32
NVNT n20 2437 Antl 92.75 0.33
NVNT n20 2462 Antl 94.12 0.26
EMC_SHA F _R_02.04E TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch page 20 of 65

3-13, No.151, Heng Tong Road, Shanghai, 200070, P.R. China

Phone: +86 21 61410123, Fax:+86 21 61408600

Rev. 23.00



Report Number: 709502403822-00C Revl

Duty Cycle

11B_Antl_2412
Spectrum Analyzer 1 ‘ |
Swept SA " +
KEYSIGHT Input RF lInpul Z 50 0 #Allen 40dB PNO. Fast lAvg Type: Voltage 31456
Coupling: AC Corrections Off  Preamp: Off Gate: Off Trig: Free Run I
RL = ign: Auto Fraq Ref: Int (5) IF Gain' Low WW W W W
Sig Track: OFf PNNNNN
1 Spectrum Y Rof Lyl Offsot 2.64 dB Mkr1 7.400 ms
Scale/Div 10 dB Ref Level 30.00 dBm 21.91 dBm
Lo
zug; L e
100
0.00
0
Center 2.412000000 GHz #Video BW 50 MHz Span 0 Hz
Res BW 8 MHz Sweep 100 ms (10001 pts),
5 Marker Table .J
H Mode | Trace | Scale X Y Function Function Width Function Value
N T 7400 ms. Z1.01 dBm
2| N t 7.510ms 21.92 dBm|
3 N t 19.94 ms 22.71 dBm|
4
5
6
sl Nov 01, 2024 WK
=9~ ‘-‘ ? 5:42:17 PM " -l |% |ﬁ\\
11B_Antl 2437
Spectrum Analyzer 1 ‘ |
Swept SA " +
KEYSIGHT Input RF lInpul Z 50 0 #Allen 40dB PNO. Fast lAvg Type: Voltage 31456
Coupling: AC Corrections Off  Preamp: Off Gate: Off Trig: Free Run I
RL = ign: Auto Fraq Ref: Int (5) IF Gain' Low WW W W W
Sig Track: OFf PNNNNN
1 Spectrum Y Rof Lyl Offsot 2.65 0B Mkr1 5.020 ms
Scale/Div 10 dB Ref Level 30.00 dBm 23.31 dBm
Lo v I
zug; L 4 =8
100
0.00
0
Center 2.437000000 GHz #Video BW 50 MHz Span 0 Hz
Res BW 8 MHz Sweep 100 ms (10001 pts),
5 Marker Table .J
H Mode | Trace | Scale Y Function Function Width Function Value |
N T 5.020 ms, 23,31 dBm
2| N t 5.130 ms| 23.62 dBm|
3 N t 1756 ms 24.57 dBm|
4
5
6
] Nov 01, 2024 A V3
- "3 (’ ‘-‘ ? 5:46:07 PM ‘. G:: |% |ﬂ‘\
11B_Antl_2462
Spectrum Analyzer 1 ‘ |
Swept SA " +
KEYSIGHT Input RF lInpul Z 50 0 #Allen 40dB PNO. Fast lAvg Type: Voltage 31456
Coupling: AC Corrections Off  Preamp: Off Gate: Off Trig: Free Run I
RL = ign: Auto Fraq Ref: Int (5) IF Gain' Low WW W W W
Sig Track: OFf PNNNNN
Ref Lvl Offset 2.65 dB Mkr1 11.60 ms
Ref Level 30.00 dBm 23.79 dBm
¥
Center 2.462000000 GHz #Video BW 50 MHz n 0 Hz
Res BW 8 MHz Sweep 100 ms (10001 pts)|
5 Marker Table 'J
Mode | Trace | Scale | X Y Function Function Width Function Value
TN T 60 ms 73.79 dBm
2| N t 1.71ms 21.97 dBm|
3 N t 24.14 ms| 22.91 dBm|
4
: |
6
] Nov 01, 2024 A V3
- D ‘-‘ ? 5:51:20 PM ‘. .1 |% |ﬂ‘\
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11G_Antl 2412

‘Spectrum Analyzer 1
Swept SA v+
KEYSIGHT Input RF Inpul Z 50 0 #Allen: 40 dB PNO. Fast lAvg Type: Voltage 56
RL oy Couping AC Corrections: Of  Preamp: Off Gate: Off Trig: Free Run w
Align' Auto Fraq Ref: Int (S) IF Gain' Low "
W Sig Track: Off P
1 Spactrum ' Ref Lv Offset 2.64 dB
Scale/Div 10 dB Ref Level 30.00 dBm
Log N
Center 2.412000000 GHz #Video BW 50 MHz Span 0 Hz
Res BW 8 MHz Sweep 100 ms (10001 pts)
5 Marker Table v
Mode | Trace | Scale X Y Function Function Width Function Value
[T N T F50.0 s 70.12 dBm|
2 N t 400.0 ps| 20.27 dBm|
3 N t 2470 ms| 20.41 dBm)|
4
5
]
Nov 01, 2024 LV
B') (‘al - ? 5:56:02 PM ":: @ LAY
11G_Antl 2437
‘Spectrum Analyzer 1
Swept SA v+
KEYSIGHT Input RF Inpul Z 50 0 #Allen: 40 dB PNO. Fast lAvg Type: Voltage 56
RL oy Couping AC Corrections: Of  Preamp: Off Gate: Off Trig: Free Run w
Align' Auto Fraq Ref: Int (S) IF Gain' Low "
W Sig Track: Off P
1 Spectrum '_‘ Ref Lvl Offset 2.65 dB
Scale/Div 10 dB Ref Level 30.00 dBm
Log ¥ 4]
A% %
Center 2.437000000 GHz #Video BW 50 MHz Span 0 Hz
Res BW 8 MHz Sweep 20.0 ms (10001 pts)|
5 Marker Table v
Mode | Trace | Scale X Y Function Function Width | Function Value
1 N t 1374 ms__-3.910 dBm
2 N t 1.488 ms 21.27 dBm
3 N t 3.552 ms 20.98 dBm
4
5
]
sl Nov 01, 2024 % Y's
-y ".) rs - ? 5:59:56 PM l:: [, LAY

Input RF
Coupling: AC
Align’ Auto

(Center 2.462000000 GHz
Res BW 8 MHz

5 Marker Table v

Mode Trace Scale

EMC_SHA_F_R_02.04E

Input Z- 50 O
Corrections: Off
Fraq Ref: Int (S)

Preamp: Off

01, 2024
5:18 PM

#Atten: 40 dB

11G_Antl 2462

PNO: Fast
Gate: Off

IF Gain' Low
Sig Track: Off

Trig: Free Run

Ref Lvl Offset 2.65 dB
Ref Level 30.00 dBm

#Video BW 50 MHz

Function

[Avg Type: Voltage ’T 1

Mkr1 440.0 ps|
20.45 dBm

Span 0 Hz|
Sweep 100 ms (10001 pts)

Function Width Function Value
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11N20_Antl_2412

Spectrum Analyzer 1 Y ‘ +
Swept SA
KEYSIGHT Input RF lInpul Z 50 0 #Allen 40dB PNO. Fast AvgType Vollage || > 3456
Coupling: AC Corrections: Off Preamp: Off Gate: Off Trig: Free Run R
RL = Align Auto Fraq Ref: Int (5) IF Gain' Low WW W W W
Sig Track: Off PNNNNN
Ref Lvl Offset 2.64 dB Mkr1 340.0 ps
Ref Level 30.00 dBm 17.87 dBm|
Lot [ ‘ | . |
4+ —f— "v‘ +—+
Center 2.412000000 GHz #Video BW 50 MHz Span 0 Hz
Res BW 8 MHz Sweep 100 ms (10001 pts),
5 Marker Table v
Mode | Trace | Scale X Y Function Function Width Function Value |
N T [ O us g m
2| N t 490.0ps|  18.67 dBm
3 N t 2.420 ms 17.50 dBm
4
5
6
-l Nov 04, 2024 A W ¥
@9l ?2wENe SOl YRR
1IN20_Antl 2437
Spectrum Analyzer 1 Y ‘ +
Swept SA
KEYSIGHT Input RF lInpul Z 50 0 #Allen 40dB PNO. Fast wg Type Voltage || > 3 4 56
Coupling: AC Corrections: Off Preamp: Off Gate: Off Trig: Free Run R
RL = Align Auto Fraq Ref: Int (5) IF Gain' Low WW W W W
Sig Track: Off PNNNNN
1 Spectrum v RefLvl Offset 2.65 dB Mkr1 1.480 ms
Scale/Div 10 dB Ref Level 30.00 dBm 14.53 dBm|
Log _6 132 I - by ] 1 -
T —t + ——r—t + — —F
-50.0
80.0
Center 2.437000000 GHz #Video BW 50 MHz Span 0 Hz,
Res BW 8 MHz Sweep 100 ms (10001 pts)|
5 Marker Table v
Mode | Trace | Scale X Y Function Function Width Function Value |
1 T 1480 ms. 14,53 dBm
2| N t 1.630 ms| 20.48 dBm|
3 N t 3.550 ms| 19.73 dBm|
4
5
6
il Nov 04, 2024 A vl
@9l ?WNe SOV
11N20_Antl_2462
Spectrum Analyzer 1 Y ‘ +
Swept SA
KEYSIGHT Input RF lInpul Z 50 0 #Allen 40dB PNO. Fast wg Type: Voltage 31456
Coupling: AC Corrections: Off Preamp: Off Gate: Off Trig: Free Run R
RL = Align Auto Fraq Ref: Int (5) IF Gain' Low WW W W W
Sig Track: Off PNNNNN
1 Spectrum v RefLvl Offset 2.65 dB Mkr1 1.950 ms
Scale/Div 10 dB Ref Level 30.00 dBm 19.57 dBm|
Log | | \ ‘
200 - i | " " .
10.0
0.00
-10.0 t
-20.0 + | rrrrr 1t 1
-30.0 ] + et 1 + —t v .
400
-50.0
80.0
Center 2.462000000 GHz #Video BW 50 MHz Span 0 Hz,
Res BW 8 MHz Sweep 100 ms (10001 pts)|
5 Marker Table v
Mode | Trace | Scale X Y Function Function Width Function Value |
N 1 T 1.550 ms, 16,57 dBm|
2| N t 2.070 ms 19.75 dBm)|
3 N t 3.990 ms| 17.75 dBm|
4
5
6
sl Nav 04, 2024 LV
b | a ‘-‘ ? 9:18:48 AM ‘. \ - |% |)l'\
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Average Power

11B_Antl_2412

Spectrum Analyzer 1
Channel Power
KEYSIGHT nput RF
Coupling: AC
RL = ign: Auto

Whd
lInput Z 50 0 TAtten: 30 dB Titig” Free Run Cenler Freq 2.412000000 GHz
Corrections Off  Preamp: Off Gate: Off lAvglHold: 100/100
Freq Ref: Int (S)  #PNO- Fast #F Gain' Low Radio Std: None

J

Scale/Div 10.0 dB
Log

Ref Lvl Offset 2.64 dB
Ref Value 22.64 dBm

126

2641

7.4
274

4741
57.4

A

674

Center 2.41200 GHz
#Res BW 1.0000 MHz

Nden BW 3.0000 MHz* Span 40 MHz
Sweep 1.00 ms (1001 pts)

2 Metrics v

‘ Total Channel Power

18.69 dBm / 13.1 MHz ‘

‘ Total Power Spectral Density

5248 dBmiHz |

g9~

Spectrum Analyzer 1
Channel Power
KEYSIGHT lnput. RF

RL = ign: Auto

Coupling: AC

Nov 01, 2024 WK
? 5:42:25 PM " -l |% |ﬁ\\
11B_Antl 2437
Whd
lInput Z 50 0 TAtten: 30 dB Titig” Free Run Cenler Freq 2.437000000 GHz
Corrections Off  Preamp: Off Gate: Off lAvglHold: 100/100
Freq Ref: Int (S)  #PNO- Fast #F Gain' Low Radio Std: None

J

Scale/Div 10.0 dB
Log

Ref Lvl Offset 2.65 dB
Ref Value 22.65 dBm

127

265}

735

7.4
274

374
474t
57.4

674

Center 2.43700 GHz
#Res BW 1.0000 MHz

Nden BW 3.0000 MHz* Span 40 MHz
Sweep 1.00 ms (1001 pts)

2 Metrics v

‘ Total Channel Power

20.26 dBm / 14 2 MHz ‘

‘ Total Power Spectral Density

-51.25 dBm/Hz ‘

-l Nov 01, 2024 A V3
H e ‘-‘ ? | m @ R P
11B_Antl_2462

Spectrum Analyzer 1 Y ‘ + |
Channel Power
KEYSIGHT Input RF lInpul Z 50 0 ‘Atlen: 30 dB [Tig Free Run  Cenler Freq 2 462000000 GHz
RL  wp. Couning AC Corrections: Off  Preamp: Off Gate: Off Avg|Hold: 100/100
Align' Auto Freq Ref: Int (S)  #PNO- Fast #F Gain' Low Radio Std: None
1 Graph ‘J Ref Lvl Offset 2.65 dB
Scale/Div 10.0 dB Ref Value 22.65 dBm
Log
127
265
135
174
274
374
arak -
57.4
674
Center 2.46200 GHz #Video BW 3.0000 MHz* Span 40 MHz
#Res BW 1.0000 MHz Sweep 1.00 ms (1001 pts)|
2 Metrics v
Total Channel Power 18.830Bm /132 Mz |
‘Tmal Power Spectral Density -52.38 dBm/Hz ‘

N |

Sersion @/ Bl IR

?
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11G_Antl_2412

Spectrum Analyzer 1 Y ‘ + |
Channel Power
KEYSIGHT Input RF lInpul Z 50 0 ‘Atlen: 30 dB [Tig Free Run  Cenler Freq 2 412000000 GHz
RL  wp. Couning AC Corrections: Off  Preamp: Off Gate: Off Avg|Hold: 100/100
Align: Auto Fraq Ref Int (S)  #PNO: Fast #IF Gain: Low Radio Std: None

1 Graph ‘J Ref Lvl Offset 2.64 dB
Scale/Div 10.0 dB Ref Value 22.64 dBm

Log

126

2641 — - ~1
174

27.4 e N e

374 |
474t
57.4

674

Center 2.41200 GHz
#Res BW 1.0000 MHz

#Video BW 3.0000 MHz*

Span 40 MHz
Sweep 1.00 ms (1001 pts)

2 Metrics v

‘ Total Channel Power

16.90 dBm / 16.3 MHz

‘ Total Power Spectral Density

5522 dBmiHz | |

?

g9~

Nov 01, 2024
5:56:14 PM "

SOl YRR

11G_Antl 2437

Spectrum Analyzer 1
Channel Power
KEYSIGHT lnput. RF
Coupling: AC
Align’ Auto

RL -

Whd
Inpul Z- 50 O TAtten: 30 dB
Corrections Off  Preamp: Off

Fraq Ref: Int (5)  #PNO- Fast

Titig” Free Run
Gate: Off lAvglHold: 1001100
#F Gain' Low Radio Std: None

Cenler Freq 2 437000000 GHz

Ref Lvl Offset 2.65 dB
Ref Value 22.65 dBm

265}

74
27 4=

374
474t
57.4

674

Center 2.43700 GHz
#Res BW 1.0000 MHz

#Video BW 3.0000 MHz*

Span 40 MHz
Sweep 1.00 ms (1001 pts)

2 Metrics v

‘ Total Channel Power

18.19 dBm / 16.5 MHz ‘

‘ Total Power Spectral Density

5399 dBmiHz | |

ES9c~M?

Nov 01, 2024
6:00:07 PM "

SOV

11G_Antl_2462

Spectrum Analyzer 1
Channel Power
KEYSIGHT lnput. RF
Coupling: AC
Align’ Auto

RL -

Whd
lInput Z 50 0 TAtten: 30 dB
Corrections Off  Preamp: Off

Fraq Ref: Int (5)  #PNO- Fast

Titig” Free Run
Gate: Off lAvglHold: 1001100
#F Gain' Low Radio Std: None

Cenler Freq 2 462000000 GHz

Ref Lvl Offset 2.65 dB
Ref Value 22.65 dBm

374
474t
57.4

674

Center 2.46200 GHz
#Res BW 1.0000 MHz

#Video BW 3.0000 MHz*

Span 40 MHz
Sweep 1.00 ms (1001 pts)

2 Metrics v

‘ Total Channel Power

16.85 dBm / 16.2 MHz ‘

‘ Total Power Spectral Density

-55.26 dBm/Hz ‘

o9 ~l?

Nov 01, 2024 s
6:05:30 PM ‘.

Bl RN
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11N20_Antl_2412

Spectrum Analyzer 1
Channel Power
KEYSIGHT nput RF
Coupling: AC
RL =+ |align: Auto

Whd
lInput Z 50 0 TAtten: 30 dB Titig” Free Run

Corrections: Off  Preamp: Off Gate: Off
Fraq Ref: Int (5)  #PNO- Fast #IF Gain' Low

Cenler Freq: 2 412000000 GHz
{AvgHold: 100/100
Radio Std: None

1Graph 'J
Scale/Div 10.0 dB
Log

126

Ref Lvl Offset 2.64 dB
Ref Value 22.64 dBm

2641

74

27.4
374

araf—
57.4

674

Center 2.41200 GHz
#Res BW 1.0000 MHz

#Video BW 3.0000 MHz*

Span 40 MHz
Sweep 1.00 ms (1001 pts)

2 Metrics v

‘ Total Channel Power

15.54 dBm / 17 4 MHz

‘ Total Power Spectral Density

-56.88 dBm/Hz

g9~

?

Nov 04, 2024
9:10 AM"

S

11N20_Antl 2437

Spectrum Analyzer 1 Y ‘ + |
Channel Power
KEYSIGHT Input RF lInpul Z 50 0 ‘Atlen: 30 dB [Tig Free Run  Cenler Freq 2 437000000 GHz
AL Coupling: AC Corrections: Off  Preamp: Off Gate: Off Avg|Hold: 100/100
Align: Auto Fraq Ref Int (S)  #PNO: Fast #IF Gain: Low Radio Std: None
1 Graph ‘J Ref Lvl Offset 2.65 dB
Scale/Div 10.0 dB Ref Value 22.65 dBm
Log
127
265
135
174
274 [t -
374
A7 AL
574
674
Center 2.43700 GHz #Video BW 3.0000 MHz*

#Res BW 1.0000 MHz

Span 40 MHz
Sweep 1.00 ms (1001 pts)

2 Metrics v

‘ Total Channel Power

16.97 dBm / 17.6 MHz

‘ Total Power Spectral Density

-55.47 dBm/Hz

g9~

?

Nov 04, 2024
9:15:13AM "

B

11N20_Antl_2462

Spectrum Analyzer 1 Y ‘ + |
Channel Power
KEYSIGHT Input RF lInpul Z 50 0 ‘Atlen: 30 dB [Tig Free Run  Cenler Freq 2 462000000 GHz
RL  wp. Couning AC Corrections: Off  Preamp: Off Gate: Off Avg|Hold: 100/100
Align: Auto Fraq Ref Int (S)  #PNO: Fast #IF Gain: Low Radio Std: None
1 Graph ‘J Ref Lvl Offset 2.65 dB
Scale/Div 10.0 dB Ref Value 22.65 dBm
Log
127
265
135
174
274 -
374
AT AF
574
674
Center 2.46200 GHz #Video BW 3.0000 MHz*

#Res BW 1.0000 MHz

Span 40 MHz
Sweep 1.00 ms (1001 pts)

2 Metrics v

‘ Total Channel Power

15.96 dBm / 17 4 MHz

‘ Total Power Spectral Density

-56.44 dBm/Hz

@oc A

?

Nov 04, 2024 7
9:19.02 AM ‘.

ol
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9.2 6dB bandwidth and 99% Occupied Bandwidth

Test Method for 6 dB Bandwidth

1. The RF output of EUT was connected to the spectrum analyzer. The path loss was
compensated to the results for each measurement.

2. Set to the maximum power setting, the instrument center frequency is set to the nominal
EUT channel center frequency enable the EUT transmit continuously.

3. Use the following spectrum analyzer settings:
RBW=100KHz, VBW=3RBW, Sweep = auto, Detector function = peak, Trace = max hold

4. Use the automatic bandwidth measurement capability of an instrument, use the X dB
bandwidth mode with X set to 6 dB.

5. Allow the trace to stabilize, record the 6 dB Bandwidth value.

Test Method for 99 % Bandwidth
1. Connect EUT test port to spectrum analyzer.
Use the following spectrum analyzer settings:
RBW=1% to 5% of the actual occupied, VBW=3RBW, Sweep = auto,
Detector function = peak, Trace = max hold

2. Use the occupied bandwidth measurement capability of test receiver.
3. Allow the trace to stabilize, record the occupied bandwidth value.
Limit
6dB bandwidth Limit [kKHZz] 99% bandwidth Limit [kHZz]
>500 | -
Test result
Test Mode Frequency 6dB bandwidth (MHz) Result 99% occupied bandwidth
MHz result limit verdict MHz
2412 8.264 >0.5 Pass 13.095
802.11b 2437 9.169 >0.5 Pass 14.167
2462 8.618 >0.5 Pass 13.228
2412 15.743 >0.5 Pass 16.299
802.11g 2437 15.935 >0.5 Pass 16.521
2462 15.322 >0.5 Pass 16.243
2412 16.768 >0.5 Pass 17.442
802.11n(HT20) 2437 16.853 >0.5 Pass 17.554
2462 16.564 20.5 Pass 17.37
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Input: RF Trig: Free Run Cenler Freq: 2 412000000 GHz
Coupling: AC Gate: Off IAvg|Hold: 100/100
#F Gain'Low  Radio Std None
RefLvl Offset 2.14 dB Mkr3 2.416629000 GHz|
Ref Value 22.14 dBm 1.84 dBm
O 3
[V RN . S .
e~ —
1 -
Center 2.41200 GHz #Video BW 2.0000 MHz Span 30 MHz
#Res BW 510.00 kHz Sweep 1.33 ms (10001 pts)
2 Metrics v
Occupied Bandwidth
13.054 MHz| | | Total Power 17.6 dBm |
Transmit Freq Error 351.62 kHz % of OBW Power 99.00 %
x dB Bandwidth 8.264 MHz [xdB -6.00 dB

IR NE a5 I |[o2e/ (A °C 54

Input. RF Inpul Z 50 @ 30 dB Trig Free Run  |Cenler Freq 2 437000000 GHz
Coupling: AC Corrections: Off Preamp: Off Gate: Off \Avg|Hold: 100100
Fraq Ref: Int (5) #F Gain'Low  Radio Std None
RefLvl Offset 2.15 dB Mkr3 2.441647000 GHz|
Ref Value 22.15 dBm 1.39 dBm|
; o 3
. - ] BN P L & |
71.85 — —1— <
179 — B
>

279 = - ]
379
479
-57.9
679
Center 2.43700 GHz #Video BW 2.0000 MHz Span 30 MHz
#Res BW 510.00 kHz Sweep 1.33 ms (10001 pts)
s ]

Occupied Bandwidth

L 14183MHz| | | Total Power I 17.6 dBm|

Transmit Freq Error 36.872 kHz. % of OBW Power 99.00 %

xdB 9.169 MHz. |xdB [ -6.00 dB

gocm?uEe.  uM o BY

BW
Input RF Input Z 50 0 30 dB Trig Free Run  |Cenler Freq 2 462000000 GHz
Coupling: AC Corrections: Off Preamp: Off Gate: Off \Avg|Hold: 100100
Fraq Ref: Int (S) #IF Gain' Low Radio Std None
Ref Lvl Offset 2.65 dB Mkr3 2.466051000 GHz|
Ref Value 22.65 dBm 5.33 dBm
2 5 e
O s S . 1
- ] O
=
= —
=]
Center 2.46200 GHz #Video BW 2.0000 MHz Span 30 MHz
#Res BW 510.00 kHz Sweep 1.33 ms (10001 pts)
2 Metrics v
Occupied Bandwidth
13.247 MHz| | Total Power 21.3dBm
Transmit Freq Error -31.048 kHz % of OBW Power 99.00 %
|xdB 8.618 MHz | |xdB -6.00dB|
Jl2e M - X
LAY

g9l ?en=e
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11G_Antl_2412

Spectrum Analyzer 1 Y ‘ +
Occupied BW
KEYSIGHT Input RF lInpul Z 50 0 ‘Atlen: 30 dB [Tig Free Run  Cenler Freq 2 412000000 GHz
RL - Coupling: AC Corrections: Off Preamp: Off te: Off \Avg|Hold: 100100
Align: Auto Freq Ref. Int (S) #F Gain' Low  Radio Std None
Rut Lyl Olfast 24 B Mkr3 2.420001000 GHz
Ref Value 22.64 dBm 5.51 dBm|
- A _3
264l | . Y i it ™. 4 .
-1.36 -
ral | b M LZLVTI "
;7 :s.,« AR - | B e YT
374
474t
-57.4
67.4
Center 2.41200 GHz “#Video BW 2.0000 MHz Span 30 MHz
#Res BW 510.00 kHz Sweep 1.33 ms (10001 pts)

2 Metrics v

Occupied Bandwidth
16.462 MHz

| Total Power | 23.0dBm|
Transmit Freq Error 70.203 kHz | % of OBW Power | 99.00 %
x dB Bandwidth 15.74 MHz |xdB [ -6.00dB

-l Nov 01, 2024 A W
=9~ ‘-‘ ? 5:56:22 PM " \ -1 |% |ﬁ\\
11G_Antl 2437

Spectrum Analyzer 1 Y ‘ + |
Occupied BW
KEYSIGHT Input RF lInpul Z 50 0 ‘Atlen: 30 dB [Tig Free Run  Cenler Freq 2 437000000 GHz
RL - Coupling: AC Corrections: Off Preamp: Off Gate: Off wg|Hold: 100100
Align’ Auto Freq Ref: Int (S) #F Gain' Low  Radio Std None

Ref Lvl Offset 2.65 dB
Ref Value 22.65 dBm

MKkr3 2.444906000 GHz
7.09 dBm

e e N el S s . |

-135
A74
274

M A s “,_:_,,...‘-..-w "

A s A ekt i s

374
474}
574

67.4
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