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1. ATTESTATION OF TEST RESULTS

COMPANY NAME: SAMSUNG ELECTRONICS CO., LTD.

EUT DESCRIPTION: GSM/WCDMA/LTE 5G NR Phone + BT/BLE, DTS/UNII a/b/g/n/ac/ax,
NFC and WPT

MODEL: SM-S§921U, SM-S921U1

SERIAL NUMBER: R3CW90BXLKA, R3CW90BXLGJ (CONDUCTED);

R3CW90BXLCD, R3CW90BXLFV (RADIATED);

DATE TESTED: 2023-10-05 ~ 2023-10-30

APPLICABLE STANDARDS
STANDARD TEST RESULTS
47 CFR Part 15 Subpart C Complies

UL KOREA LTD. tested the above equipment in accordance with the requirements set forth in
the above standards. All indications of Pass/Fail in this report are opinions expressed by UL
KOREA LTD. based on interpretations and/or observations of test results. Measurement
Uncertainties were not taken into account and are published for informational purposes only.
The test results show that the equipment tested is capable of demonstrating compliance with
the requirements as documented in this report.

Note: The results documented in this report apply only to the tested sample, under the
conditions and modes of operation as described herein. This document may not be altered or
revised in any way unless done so by UL KOREA LTD. and all revisions are duly noted in the
revisions section. Any alteration of this document not carried out by UL KOREA LTD. will
constitute fraud and shall nullify the document. This report must not be used by the client to
claim product certification, approval, or endorsement by IAS, any agency of the Federal
Government, or any agency of any government.

Approved & Released For

UL KOREA LTD. By: Tested By:
M W W
Seokhwan Hong Dexter(Hyunsik) Yun
Suwon Lab Engineer Suwon Lab Engineer
UL KOREA LTD. UL KOREA LTD.
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2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with following methods.

FCC 47 CFR Part 2.

FCC 47 CFR Part 15.

KDB 558074 D01 15.247 Meas Guidance v05r02.
KDB 662911 D01 v02r01

ANSI C63.10-2013.

arwnNpE

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 218 Maeyeong-ro,
Yeongtong-gu, Suwon-si, Gyeonggi-do, 16675, Korea. Line conducted emissions are measured
only at the 218 address. The following table identifies which facilities were utilized for radiated
emission measurements documented in this report. Specific facilities are also identified in the test
results sections.

218 Maeyeong-ro
X] Chamber 1(3m semi-anechoic chamber)
X] Chamber 2(3m semi-anechoic chamber)
=
[

Chamber 3(3m semi-anechoic chamber)
Chamber 4(3m Full-anechoic chamber)
[ ] Chamber 5(3m Full-anechoic chamber)

UL KOREA LTD. is accredited by IAS, Laboratory Code TL-637. The full scope of accreditation
can be viewed at https://www.iasonline.org/wp-content/uploads/2017/05/TL-637-cert-New.pdf.
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4. DECISION RULES AND MEASUREMENT UNCERTAINTY
4.1. METROLOGICAL TRACEABILITY

The measuring equipment utilized to perform the tests documented in this report has been
calibrated in accordance with the manufacturer's recommendations, and is traceable to
recognized national standards.

4.2. SAMPLE CALCULATION

Where relevant, the following sample calculation is provided:
Field Strength (dBuV/m) = Measured Voltage (dBuV) + Antenna Factor (dB/m) +
Cable Loss (dB) — Preamp Gain (dB)
36.5dBuV + 18.7 dB/m + 0.6 dB — 26.9 dB = 28.9 dBuV/m

AC Corrected Reading (dBuV) = Measured Voltage (dBuV) + Extension Cord

Loss (dB) + Cable Loss (dB)
44.72 dBuV = 34.72 dBuV + 9.9dB + 0.1 dB

4.3. MEASUREMENT UNCERTAINTY

Where relevant, the following measurement uncertainty levels have been estimated for tests
performed on the apparatus:

PARAMETER UNCERTAINTY
Conducted Disturbance, 0.15 to 30 MHz 2.80dB
Radiated Disturbance, 30 MHz to 1 GHz 3.92dB
Radiated Disturbance, 1 GHz to 18 GHz 5.06 dB
Radiated Disturbance, 18 GHz to 40 GHz 6.02 dB

Uncertainty figures are valid to a confidence level of 95%.

4.4. DECISION RULES

Decision rule for statement(s) of conformity is based on Procedure 2, Clause 4.4.3 in IEC Guide
115:2021.
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5. EQUIPMENT UNDER TEST
5.1. EUT DESCRIPTION

The EUT is a GSM/WCDMA/LTE 5G NR Phone + BT/BLE, DTS/UNII a/b/g/n/ac/ax, NFC and
WPT. This test report addresses the DSS(Bluetooth) operational mode.

Representative Difference Derivative model
model SM-S921U1
Hardware Same
SM-5921U Software The Ul has changed according to Service Provider

The model SM-S921U was used for final testing and is representative of the test results in this
report.

5.2. MAXIMUM OUTPUT POWER

The transmitter has a maximum peak conducted output power as follows:

Frequency Range Mode Power Output Power Output Power
[MHZ] Mode [dBm] [mW]
] Peak 20.080 101.859
Basic GFSK
Average 19.657 92.406
) Peak 19.450 88.105
2402 ~ 2480 Enhanced Pi/4-DPSK
Average 16.289 42.550
Peak 19.470 88.512
Enhanced 8PSK
Average 16.570 45.394
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5.3. DESCRIPTION OF AVAILABLE ANTENNAS

An intentional radiator antenna shall be designed to ensure that no antenna other than that
furnished by the responsible party can 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 shall
be considered sufficient to comply with the provisions of this section.

The internal antenna was Permanently attached.
Therefore this E.U.T Complies with the requirement of §15.203.

The radio utilizes a internal antenna, with a maximum gain of:

Frequency ANT1 Gain ANT2 Gain Correlated Chains
Band[MHz] [dBi] [dBi] Directional Gain[dBi]
DTS
2400 — 2483.5 -2.44 -3.89 -0.12

Directional gain for the MIMO operations is determined using KDB 662911 D01 Multiple
Transmitter Output section F (2)(d)(1) for Unequal antenna gains, with equal transmit
powers. The gain is calculated using the formula for correlated transmissions across the two
transmit antennas.

Directional gain = 10 log[(10%/2° + 10¢2/20 + _ + 10©¢N/20)2 [NanT] dBi.
Sample calculation for this device with Nant = 2
Directional gain = 10 log[(10-3-5/20 + 10-7-1/20Y2 /2] = -2.1 dBi

“‘BT/WIFI #1_2.4GHz” and “BT/WIFI #2_2.4GHz (SUB6_Ant J)” as indicated in antenna
specification are written as ANT1 and ANT2 in this report.
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54. WORST-CASE CONFIGURATION AND MODE
Both Bluetooth Diversity mode and DUAL mode have been investigated and confirmed.

The fundamentals of the EUT were investigated in three orthogonal orientations X, Y and Z.

It was determined that below table’s orientation was the worst-case orientation.

ANT1 ANT2 DUAL
X X X

For conducted power test, both Diversity and DUAL mode were verified and reported.

In DUAL mode, except power test, no noticeable data was found. Tests was performed on
Diversity mode.

Diversity mode test was performed on SISO and DUAL iPA mode.

Radiated and power line conducted tests were performed with EUT connected to AC power
adapter as the worst-case configuration. Radiated harmonics spurious 1~18 GHz Low/Mid/High
channels,18-26GHz were performed with the EUT set at the Diversity and DUAL mode.
Radiated emission below 1GHz and power line conducted emission were performed with the
EUT set to transmit at the channel with highest output power as worst-case scenario.

For Radiated band-edge and spurious test, tests were performed on Diversity mode and DUAL
mode.

All radiated and power line conducted tests were performed attached with travel adapter for the
worst-case condition mode.

GFSK, Pi/4-DQPSK, 8PSK average Power are all investigated, The GFSK & 8PSK Power are
the worst case. Testing is based on this mode to showing compliance.
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5.5. DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT

Charger SAMSUNG EP-TA800 R37MC7MHS27DK3 N/A
Data Cable SAMSUNG EP-DN980 GH39-02111A N/A
/O CABLE

1 DC Power 1 C Type Shielded 1.0m N/A

TEST SETUP

The EUT is continuously communicating to the Bluetooth tester during the tests.
Test software enable BT communications.
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SETUP DIAGRAM FOR TESTS (CONDUCTED TEST SETUP)

Combiner

| Bluetooth Tester |

L
it

_
A N )

| Spectrum Analyzer|

SETUP DIAGRAM FOR TESTS (RADIATED TEST SETUP)

Adaptor

AC Main

\—[ 3m SAC

RENEN

n
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Page 12 of 88

UL KOREA LTD. Suwon Laboratory FORM ID: FCC_15C(05)
218 Maeyeong-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16675, Korea TEL: (031) 337-9902 FAX: (031) 213-5433
UL KOREA LTD. Confidential
This report shall not be reproduced except in full, without the written approval of UL KOREA LTD.



REPORT NO: 4790976523-E9V2 DATE: 2023-10-30

FCC ID: ASLSMS921U

6. TEST AND MEASUREMENT EQUIPMENT
The following test and measurement equipment was utilized for the tests documented in this
report:

Test Equipment List
Description Manufacturer Model S/N Cal Due
Antenna, Bilog, 30MHz-1GHz | SCHWARZBECK VULB9163 750 2024-08-15
Antenna, Loop, 9kHz-30MHz R&S HFH2-22 100418 2025-09-06
Antenna, Horn, 18 GHz ETS 3117 00168724 2024-08-04
Antenna, Horn, 18 GHz ETS 3117 00168717 2024-08-21
Antenna, Horn, 40 GHz ETS 3116C 00166155 2024-08-02
Preamplifier ETS 3115-PA 00167475 2024-07-25
Preamplifier ETS 3116C-PA 00168841 2024-07-25
Directional Antenna Cobham FPA3-0.8-6.0R/1329 80108-0004 N/A
Directional Antenna Cobham FPA3-0.8-6.0R/1329 110367-0003 N/A
Preamplifier, 2000 MHz Sonoma 310N 341282 2024-07-24
Preamplifier, 18 GHz Miteq AFS42-00101800-25-S-42 1896138 2024-07-25
Preamplifier, 18 GHz Miteq AFS42-00101800-25-S-42 2029169 2024-07-24
Spectrum Analyzer, 44 GHz KEYSIGHT N9030B MY60070693 2024-01-09
Spectrum Analyzer, 44 GHz KEYSIGHT N9040B MY60080268 2024-01-09
Average Power Sensor Agilent / HP U2000 MY54270007 2024-07-23
Average Power Sensor Agilent / HP U2000 MY54260010 2024-07-24
Bluetooth Tester TESCOM TC-3000C 3000C000546 2024-07-24
Power Splitter MINI-CIRCUITS WA1534 UL003 2024-01-09
Power Splitter MINI-CIRCUITS WA1534 UL004 2024-01-09
Attenuator PASTERNACK PE7087-10 A009 2024-07-24
Attenuator PASTERNACK PE7087-10 A001 2024-07-23
EMI Test Receive, 40 GHz R&S ESU40 100439 2024-07-23
EMI Test Receive, 40 GHz R&S ESU40 100457 2024-07-24
Low Pass Filter 5GHz Micro-Tronics LPS17541 009 2024-07-23
High Pass Filter 3GHz Micro-Tronics HPM17543 010 2024-07-23
High Pass Filter 6GHz Micro-Tronics HPS17542 009 2024-07-23
LISN R&S ENV-216 101836 2024-07-23
Termination WEINSCHEL M1406A TO9 2024-07-23
UL Software
Description Manufacturer Model Version
Radiated software UL UL EMC Ver 9.5
AC Line Conducted software UL UL EMC Ver 9.5
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7. TEST RESULTS SUMMARY

FCC Part o — Test

Section Test Description Test Limit Condition Test Result
2.1051, | Band Edge / Conducted .

15.247(d) | Spurious Emission -20 dBe Complies
1(5b)2(f)7 TX conducted output power <21 dBm Complies
15.247 . . > two-thirds of the 20 ,
(@)(1) Hopping frequency separation dB bandwidth Conducted Complies
15.247 . More than 15 non- .
(@)(1) i) Number of Hopping channels overlapping channels Complies
15.247 . :

... | Avg Time of Occupanc <8dBm Complies
(@))i) | paney P
15.207(a) AC_Po_wer Line conducted Section 11 Power Line Complies

emissions conducted
15.205, . : o . .
15.209 Radiated Spurious Emission < 54dBuV/m(Av) Radiated Complies
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8. MEASUREMENT METHODS

20dB BW : ANSI C63.10, Section 6.9.2
99% BW : ANSI C63.10, Section 6.9.3

HOPPING FREQUENCY SEPARATION : ANSI C63.10, Section 7.8.2

NUMBER OF HOPPING CHANNELS : ANSI C63.10, Section 7.8.3

AVERAGE TIME OF OCCUPANCY : ANSI C63.10, Section 7.8.4

OUTPUT POWER : ANSI C63.10, Section 7.8.5.

Qut-of-band EMISSIONS (Conducted) : ANSI C63.10, Section 7.8.6, 7.8.8

Out-of-band EMISSIONS IN NON-RESTRICTED BANDS: ANSI C63.10, Section 6.

Out-of-band EMISSIONS IN RESTRICTED BANDS : ANSI C63.10, Section 6.

AC Power Line Conducted Emission : ANSI C63.10-2013, Section 6.2.
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DATE: 2023-10-30

9. ANTENNA PORT TEST RESULTS

LIMITS

None; for reporting purposes only.

PROCEDURE

ON TIME AND DUTY CYCLE

ANSI C63.10, Section 11.6 : Zero-Span Spectrum Analyzer Method.

ON TIME AND DUTY CYCLE RESULTS

26087

26087
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Swept A Swept SA
RESIGHTI T ‘ = RESIGHTI T T T
RE o Do uto Ay P o W RE o D o e rous W
. e . "
1 Specium v AMKr3 3.750 ms| 1 Spectm AMKr3 3.760 ms|
Eﬁl:l!ﬂlv‘w a8 Ref Level 30.00 dBm ) 0.00 dB| Eﬁl:”m'w a8 Ref Level 30.00 dBm ) 0.02 dB|
o o L o | 4
o rom G5 s | [comrmaronomen o]
s PN -~ O e v o ]
5 Markar Tabls. 5 Markar Tabls
| Mode  Trace | Scale X Y Function Function Widih Function Value | | Mode  Trace | Scale X Y n Function Width Function Value |
i N i N 3425ms__ 7.530 aBm
[ T T A 3Te0msiA) 002 a8
: :
: :
g0 c M ? Ee = | Eacm? e R
1-DH5 3-DH5
On time | Period Duty Cycle 1/T Minimum VBW
Mode o
[msec] [msec] [%] [kHz]
2 400 ~ 2 483.5 MHz Band
BDR 2.880 3.750 76.80 0.35
EDR 2.887 3.760 76.78 0.35
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9.2. 20 dB BANDWIDTH

LIMITS

None; for reporting purposes only.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The nominal IF filter bandwidth (3
dB RBW) shall be in the range of 1% to 5% of the OBW and video bandwidth (VBW) shall be
approximately three times RBW, unless otherwise specified by the applicable requirement. The
sweep time is coupled.

RESULTS

9.2.1. BLUETOOTH BASIC DATA RATE GFSK MODULATION

Antenna Channel Frequency 20 dB Bandwidth

[MHZ] [kHz]

0 2 402 1068.0
ANT1 39 2 441 953.3
78 2 480 971.3
0 2 402 943.3
ANT2 39 2 441 941.2
’8 2 480 939.2

Worst 1068.0

9.2.2. BLUETOOTH ENHANCED DATA RATE 8PSK MODULATION

Channel Frequency 20 dB Bandwidth
[MHZ] [kHz]

0 2 402 1297.0

ANT1 39 2441 1281.0
/8 2 480 1282.0

0 2 402 1276.0

ANT2 39 2441 1275.0
8 2 480 1277.0

Worst 1297.0
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BDR ANT1

BDR ANT2

20 dB bandwidth / 39 CHANNEL

Specirum Analyzer { "+ Spectrum Analyzer 1 R ‘ +
Oceupied BV Ocoupied BW
KEYSIGHT inur 1 WUz 00 [Aen 30 a8 ng Fres fun [Genter Frec 2 Q02000000 GHZ KEVSIGHT st ¥ Input Z 500 ston. 0 4B g Freo Run (Conler Freg 242000000 GHe
S Precmg: OfF e OF wgiHokt 300r300 — Froang OF |G okl 3001300
Align: Auta Fraq R Int (5} [ Cair: Low [Radio Sit Non ign Aui Froq Rof Int (3} | Palh Standoed 915 Gain Low R S0 Hore
WFE: Adapiiva N Adapiva
1 . |
[ScaleDiviooas Ref Valuz 40.00 dBm ScalelD 150 d8 Ref Value 50.00 dBm
Lo
a0
a0 it
Center 2.402000 GHz #Video BW 100.00 kHz Span 3 MHz] Center 2402000 GHz ¥Video BW 100.00 kHz Span 3 MI
[#Res BW 30.000 kHz Swesp 5.00 ms (1001 pts) #Res BWW 30.000 kHz Sweep 5.00 ms (1001 pis
2 Metics ,J 2 Metres o
Measure Trace .
Occupied Bandwidth Qccupied Bandwhdth
2.3 kHZ Total Powser 25.908m 6553 kHZ Total Power 236d6m
Transmit Freq Emor 3251 kHz % of OBW Fower 58.00% Transmi Freq Emor A278kHZ % of OBW Pawer $9.00%
X &6 Banawiath 1,068 Wz xo8 00008 = 06 Bandkth LEELLH xd8 200
et 17, 2023 wx Oct 18,2023 V7
Y s B | = (7 s LN [
Spectrum Analyzer 1 Spectrum Analyzer 4
Oceupied B 1+ Ocoupied BW T+
KEYSIGHT e i Pz 0 [Alten G0 d8 Ing bres Run  [Ganter Freq 2 4104000 GHr KEYSIGHT Irsct RF Input Z 500 o 40 0B g FremRun  (Canler Fre 2441000000 GHe
wgiHokt 300300 a— Proanp. OF |Gale OF okl 3001200
T ign Ao Freg R nt (51 [ Cair: Low  [Radio Sid None ign Auto Fioq ROT 1ot (S} | Pl Standied ol Gain Low oo S8 Nor:
- NEE. Adaplivs o N Adapie
T ; 7
[Scaiow 10008 Ref Value 40.00 dBm ScalelDn 15008 Ref Value 50.00 dBm
Log
-
Center 2.441000 GHz #Video BW 100.00 kHz Span 3 MHz] Conter 2.441000 GHz EVideo EW 100.00 kHz Span 3 MKz,
#Res BW 30.000 kHz Swoep 5.00 ms (1001 pts). #Res BW 30.000 kHz Sweep 5.00ms (1001 pts
2 Mstics ,J 2 Metries of
Measure Trace | Trace 1 §
Occupied Bandnicth Qoalipied Banawin
6225 Kz Total Fower 27 5d8m 8275 Kz Total Power 234 dBm
Transmit Freq Emor 4.083 kHz. %% 01 OBW Power 55,00 % Teansmi Freq Error 8GRz % of OBW Powier 000%
X GB Bandwidth 853.3 kHz xdB 20,0048 %08 Bandwidh 24H X8 200048
Oct 17, 2023 | - .| ‘ H Oct 18, 2023 ‘ X
e~ ?nnE [le2el ) L[4 Q29 Ml ? G QI Y

20 dB bandwidth / 39 CHANNEL

20 dB bandwidth / 78 CHANNEL

Spectrum Analyzer 1 , Spestrum Analyzer 1 N
Oocupied BW + Occapied BW +
KEYSIGHT nour i WpUZ 00 Atew 3048 [ingFresRun  [Gemer Freg 2 8000000 GHr KEYSIGHT Ireut =7 nputZ 500 [Aten: 40 4B g Froa fun [enlar Freg 2450000000 GHz.
s Preap: OfF  |Cater ugiHoi: 300300 — Praamp O (G O il . 3007300
Aligr: Aua Freq Ref nt (S} (e Cain: Low | Redo St Nana Nign o Frea Rof Ini (3) | Palh Siandsad #IF Gain Lon Rado 5ig Nons
NFE: Adapive w N
1 6rapn v 1 G '
ScaleiDiv 10048 Ref Vaiue 40.00 d8im ScaleDw 150 08 Ref Value 50.00 d8m
Lo Log
g
Genter 2.450000 GHz #Video BW 100.00 kHz : Span 3 iz Contor 2.480000 GHz #Video BW 100.00 kHz . Span 3 MHz
#Res BW 30.000 kHz Sweep 5.00 ms {1001 pts) [fRes BW 30.000 kHz Swesp 5.00 ms (1001 pis]
2 hemes ,J 2Metris o
Measure Trace )
Oecupied Banowiain Occupied Bandwidin
915,02 KHz| Total Power 24.808m B64.55 kHz TotalPower | 216Bm|
Transmit Freg Ertor EXCT0 % of OEW Power 00
Transmit Freq Emor 1.784 k. 4 of OBV Power 55.00 %
X 6B Banawiotn 971.9 iz x08 200008 B Banduidth 8302 kHz xd8 -20008
E Oct 19, 2003 SV
Oct 17,2003 - .
w7 lad @) 1 3¢ w9~ A ? S WL R

20 dB bandwidth / 78 CHANNEL
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EDR ANT1

EDR ANT2

20 dB bandwidth / 39 CHANNEL

Specirum Analyzer { "+ Spectrum Analyzer 1 R ‘ +
Oceupied BV Ocoupied BW
KEYSIGHT inur 1 WUz 00 [Aen 30 a8 ng Fres fun [Genter Frec 2 Q02000000 GHZ KEVSIGHT st ¥ Input Z 500 ston. 0 4B g Freo Run (Conler Freg 242000000 GHe
S Precmg: OfF e OF wgiHokt 300r300 — Froang OF |G okl 3001300
Align: Auta Fraq R Int (5} [ Cair: Low [Radio Sit Non ign Aui Froq Rof Int (3} | Palh Standoed 915 Gain Low R S0 Hore
WFE: Adapiiva N Adapiva
1 . |
[ScaleDivio0as Ref Valuz 40.00 dBm ScalelD 150 d8 Ref Value 50.00 dBim
Lo
a0
a0 it
Center 2.402000 GHz #Video BW 100.00 kHz Span 3 MHz] Center 2402000 GHz ¥Video BW 100.00 kHz Span 3 MI
#Res BW 30,000 kHz Swesp 5.00 ms (1001 pts) #Res BWW 30.000 kHz Sweep 5.00 ms (1001 pis
2 Metics ,J 2 Metres o
Measure Trace .
Occupied Bandwidth Qccupied Bandwhdth
11786 NHz Totml Power 231 aam 1.1600 WHZ “Total Power 192 6Bm
Transmit Freq Emor 6.875 kHz % of OBW Fower 58.00% Transmi Freq Emor 5622 kHz % of OBW Pawer $9.00%
0B Bl 557 i FE3 20,0065 % B Bandwidth 1.276 MHz %dB 200068
Ot 18,2023 oYY
et 17, 2023 .
Y K o b | e e ? aN B
Spectrum Analyzer 1 Spesirum Analyzer 1
Oceupied B 1+ Ocoupied BW T+
KEYSIGHT e i Pz 0 [Alten G0 d8 T Fres Fun  [Cenfer Freq 2 441000000 GHr KEYSIGHT Irsct RF Input Z 500 o 40 0B g FresRun [Canlar Freg 241000000 GHz.
wgiHokt 300300 a— Proanp. OF |Gale OF okl 3001200
T ign Ao Freg R nt (51 [ Cair: Low  [Radio Sid None ign Auto Fioq ROT 1ot (S} | Pl Standied ol Gain Low oo S8 Nor:
- NEE. Adaplivs o N Adapie
oo ; 7
[Scaiow 10008 Ref Value 40.00 dBm ScalelDn 15008 Ref Value 50.00 dBm
Log
- -
Center 2.441000 GHz HVideo BW 100,00 kHE h Span 3 MHz] Conter 2.441000 GHz EVideo EW 100.00 kHz Span 3 MKz,
#Res BW 30.000 kHz Swoep 5.00 ms (1001 pts). #Res BW 30.000 kHz Sweep 5.00ms (1001 pts
2 Mstics ,J 2 Metries of
Measure Trace | Trace 1 §
Occupied Bandnicth Qoalipied Banawin
11707 WHz Total Power 24 5.d8m 11601 Wz Total Power 9.1 dBm
Transmit Freq Emor 6.948 kHZ %% 01 OBW Power 55,00 % Teansmi Freq Error 4702 kHz % of OBW Power 000%
xGB Bandwidth 1281 Mz xdB 20,0048 %08 Bandwidh 1275 MHz xdB 200048
Oct 18,2023 bV
Oct 17, 2023 3
w2 [ 34 | e ]2 Bl SRR

20 dB bandwidth / 39 CHANNEL

20 dB bandwidth / 78 CHANNEL

Spectrum Analyzer 1 , Spectrum Analyzer 1 )
Oocupied BW + Occapied BW +
KEYSIGHT nour i WpUZ 00 Atew 3048 [ingFresRun  [Gemer Freg 2 8000000 GHr KEYSIGHT Ireut =7 nputZ 500 [Aten: 40 4B g Froa fun [enlar Freg 2450000000 GHz.
s Preap: OfF  |Cater ugiHoi: 300300 — Praamp O (G O il . 3007300
Aligr: Aua Freq Ref nt (S} (e Cain: Low | Redo St Nana Nign o Frea Rof Ini (3) | Palh Siandsad #IF Gain Lon Rado 5ig Nons
NFE: Adapive w N
1 6rapn v 1 G '
[Scaibivio0ds Ref Vaiue 40.00 d8im ScaleDw 150 08 Ref Value 50.00 dBm
Lo Log
g
Genter 2.450000 GHz viden BW 100,00 kHz : Span 3 iz Contor 2.480000 GHz #Video BW 100.00 kHz i Span 3 MHz
#Res BW 30,000 kHz Sweep 5.00 ms (1001 pts) [fRes BW 30000 kHz Swaep 5.00 ms (1001 pts),
2 hercs ,J 2Metris o
Measure Trace )
Gecupied Bangwicn Oceupics Banawidn
S AToT W Total Powet Z1.6d8m 11617 WHZ Total Power 7.3 dBm
Transmi Freg Ertor 17 Rz % of OBW Pawer W0
Transmit Freq Emor 5.937 kriz 4 of OBV Power 55.00 %
X 6B Banawiotn 1.262 Miriz x08 200008 B Banduidth 277 Mz xde 200038
E Oct 19,2003 SV
Oct 17,2023 - x| .
qa R ? e [[eze| W) L[5 w9~ l? e Rl RSP

20 dB bandwidth / 78 CHANNEL
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9.3. HOPPING FREQUENCY SEPARATION

LIMITS

FCC §15.247 (a) (1)

Frequency hopping systems shall have hopping channel carrier frequencies separated by a
minimum of 25 kHz or the 20 dB bandwidth of the hoping channel, whichever is greater.

Alternatively, frequency hopping systems operating in the 2400-2483.5 MHz band may have
hopping channel carrier frequencies that are separated by 25 kHz or two-thirds of the 20 dB
bandwidth of the hopping channel, whichever is greater, provided the systems operate with an
output power no greater than 125 mWw.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. Start with the RBW set to
approximately 30% of the channel spacing; adjust as necessary to best identify the center of
each individual channel. The VBW is set to VBW >= RBW. The sweep time is coupled.

RESULTS
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9.3.1. BLUETOOTH BASIC DATA RATE GFSK MODULATION

Spectrum Analyzer 1 " + Spectrum Analyzer 1 . +
Swept SA Swept SA
KEYSIGHT Inpur - Input 7 50 0 Iaten 40 4B PNCY Hest Wide wg Type Power (RIS C KEYSIGHT ineut RF Input Z 500 iten. 40 dB [PNG: Best Vide  ftéwg Type: Power (RMS: 3
- Preamp: Off (Gater Off wglHold 100/100 PR - Proamp. OF (Gale. O Vivaltiold. 1001100 M
Align Autn Freq Ref int () | 1W Path Standerd I Cain: Low g Free Run v Nign Auto Freq Ref It () (AW Palh: Standasd |IF Gain’ Low g Eree Run W
w NFE. Adapiive iSig Track: O PHN NN v N taptve. g Irack: O PN K
1 Spectun v AMKr1 1.000 MHz 1 Specium v AMkri1 1.000 MHZ|
Scale/Div 10 dB : Ref Level 30.00 dBm Scale/Div 10d8. Ref Level 30.00 dBm 0.84 dB|
2Vide % Center 2.441000 GHz #Video BW 300 kHz Span 3.000 MHz|
[Carter 2441000 Gz 0 EW 300 kHz » #Res BW 300 kHz Sweep ~5.31 ms (1001 pts)
#Res BW 300 kHz Sweep ~5.31 ms (1001 pts)
Oct 19, 2023 - 7 | Oct19,2023 i 'Yl
g9l ?snne [ o3/ 8 €9 (2 SEEEe R

9.3.2. BLUETOOTH ENHANCED DATA RATE 8PSK MODULATION

Spectrum Analyzer 1 Hips Spesirum Analyzer 1 [+
Swept SA Swept SA
KEYSIGHT ot i Tnpui £ B00 [Aften 40dE [PNC Hest Wide (g Type Powes (KIS 6 KEYSIGHT st R Inut Z 500 ton A0GE PO, Best Vi fihvg Type: Powsr (RMS 5
-~ Preamp: OF Cster OF L e T N (O ROl [Gue e
Al Ao Freqflef It (§) W Patn Standard |~ Cain: Low i Frea Run 4 g Aty Froq ROT 1ot ()| Pl Standeed [ Gan Low [Tw) Frec Run
v NFE Adaplive S Track, 01 PR N o N Aapie g track o B
+ Spactun P AMKri 1.000 MHZ 1 Spautun | AMir1_1.000 MHZ
|Scale/biv 1008 Ref Level 30.00 dBm [ScaeDn 1008 Ref Level 30.00 dam -0.42 dB|
Log - Log - ‘
L "
Cantor 2.441000 GHz Pi¥i80 DI 308 W ‘Span 5.000 MHz, Center 2.441000 GHz #Video BW 300 kiz Span 3.000 MHz
#Res BW 300 kHz Sweep ~5.31 ms (1001 pts) [#Res BW 300 kr Sweep ~5.31 ms (1001 pts),
Oct 18, 2023 - ) Oct13, 2023 gy ; v
49 cl?Esne IR =9 ? e S RERIPH
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9.4. NUMBER OF HOPPING CHANNELS

LIMITS

FCC §15.247 (a) (1) (iii)

Frequency hopping systems in the 2400 — 2483.5 MHz band shall use at least 15 non-
overlapping channels.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The span is set to cover the entire
authorized band, in either a single sweep or in multiple contiguous sweeps. To identify clearly
the individual channels, set the RBW to less than 30% of the channel spacing or the 20 dB
bandwidth, whichever is smaller. The analyzer is set to Max Hold.

RESULTS

Normal Mode: All Channels Observed
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9.4.1. BLUETOOTH BASIC DATA RATE GFSK MODULATION

Spectrum Analyzer 1 "+ Spectrum Analyzer 1 o+
Swepl SA Swept SA
g I K00 [Afen 40dS [PNO-Fast g Types Poer (RIS Input. R Input Z 50 0 fon: 1008 [PNO BestVida fAug Typa: Power (RMS
KEYSIGHT KEYSIGHT
- rearep: O |Cater O GO 00100 | o canp. OF [Gals G g
Algr: At Fraq R Int (S) i Pan: Standerd I Gain: Low - Frea Rum R Aion Auin FIq ROT I (S) | Pl Sisncee [ Gan Low [Ty Ereo Run v
o NFE: Adapiiva |Sig Track: 0 PNHH NN w N Adapive a Irack G L
1 Spectun 1 Sgacttun '
[Scaleivioas Ref Level 30.00 dBm ScalelDv 1008 Ref Leval 30.00 dBm
- Log
i i 1
Start 2.40000 GHz #Video BW 300 kiiz ‘Stop 2.43000 GHz
Center 2.42000 GHz #ideo BW 300 kHz Span 100.0 MHz]
lites B 300 kitz Sweop 1.33 ms (20001 pis) [#Res BW 300 kHz Sweep 1.00 ms (1001 pts)
0ct 19, 2023 | - ‘ 4 | Oct 18, 2003 0 [ #|
IR el e | WS [P e S
100 MHz Span 30MHz SPAN, SEGMENT 1 OF 3
Spectrum Analyzer 1 |+ Specirum Analyzer 1 [+
Swept SA Siwept SA
gt R WPNZ 00 [Aen 4008 [PNO-Host Wide [ Typer Powss (RIS F Input. R Input Z 500 don. 0GB [PNO BestWide g Type. Powsr (RMS | 5
KE’ HT
. o wghHo 100100 | — Froang. O |Gal OF Pkl 100100
Align: Auta Fraq . Int (8) W Pt Standrd I” Cain: Low g Frea Faum ; 4 ign muto Frcq ROr 1ot (S} | il Standa IF G Low g Fren Run
v WFE. Adapliva i Teack. 01 PN KN N o N Aaptva q Irack o H
1 spocin v 1 Speciun
[Scaleibiviods Ref Level 30.00 dBm ScalelDiv 10 4B Ref Leval 30.00 dBm
Log - Log v
a Start 2.46000 GHz Hideo BW 300 Kz 248200 GHz,
Start 2.43000 GHz #Video BW 300 kHz Stop 2.45000 GHz,
#Res BW 300 kHz Sweep 1.00 ms (1001 pts), [#Res BW 300 ke Sweep 1.00 ms (1001 pts)
Oct 18, 2023 ] - o Ocig,202 i V7
w9 C a2 EERe [z py | =le .7 e SHL TR
30MHz SPAN, SEGMENT 2 OF 3 30MHz SPAN, SEGMENT 3 OF 3
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Spectrum Analyzer 1 Specium Analyzer 1
et OA e T+ Gwapt SA T+
KEYSIGHT inpur i WPULZ 00 [Aen 40dR  [PNOTFasi g Type: Pomer (RMS . 3 2 5 ¢ KEVSIGHT st 7 Input Z 500 o A0 B PNC: Bosl Wida  [fég Typa, Power (RIS 56
- Promp OF |Gater OF WO 100100 | - Fraang. o (Gt OF ll ol 100100y
Align: Auta Fraq R Int (5) W Pah: Stondrd I i Low - Frea fun W W Wign Aulo Frcq Rof Int (3} | Balh Standaed IF G Low g Freo Run i
v WFE: Adapiiva PN KN NN v NEE Adapive g Irack 0 PN N
1 specimn v + Spocun v
[ScaleDiviods Ref Level 30.00 4Bm [Scabn 10a8 Ref Leval 30.00 dBm
- Log -
i 1 " |
GHz #Video BW 300 kiiz stop
Start 2.30000 GHz ideo BW 300 kHz Stop 2.49000 GHz|
#Res BW 300 kHz ‘Sweop 1.33 ms (20001 pis) #Res BW 300 kHz Sweep 1.00 ms (1001 pts)
- Oct 18,2023 Y]
Wl ?TTe R R AN B
100 MHz Span 30MHz SPAN, SEGMENT 1 OF 3
Spectrum Analyzer 1 Specrum Analyzer 1
Swept A 1+ SweptSA T+
KEYSIGHT Ineut k- Input 7 ) 0 Aften 40 di5 (PO Best Wide [ Typer Powes (RMS 3456 KEYSIGHT /npot RF Input Z 500 lan: 40 B PND. Best Vil it Typs: Powsr (RIS s6
rearmp o ughokt 100400 | e N p-on (el OF gkl 100100
" dlign Auto Freq Ref. Int (] W Palf- Standsrd I7 Gain: Low g fun oy Wign' Muto Fieq Rt Iat (S} | Palh Standaad |IF Gain' Low Ty Free Run W
v NCE. Adaplive [Sia Track. OF AL o N Adapie g track o [ILLE
1 Spocin v 1 Sportiun |
[ScamDvi0d8 Ref Level 30.00 dBm Scale/Div 10 08, Ref Leval 30.00 dBm
Log -
i "
Start 2.43000 GHz #ideo BW 300 kHz Stop 2.46000 GHz| [atart 2.48000 QHz #Video BW 300 kHz Stop 2.48200 GHz|
#Res BW 300 KHZ Sweep 1.00 ms (1001 pe) [#Re5 BW 300 kHr Sweep 1.00 ms (1001 pts)
- ‘ Oct 18, 2023 7 ‘ SV
Yl IR LW 32 | Eee w2 e e
30MHz SPAN, SEGMENT 2 OF 3 30MHz SPAN, SEGMENT 3 OF 3
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9.4.2. BLUETOOTH ENHANCED DATA RATE 8PSK MODULATION

ANT1

Spectrum Analyzer 1 N Spectrum Analyzer 1 ¥
Swept SA Swept SA
KEYSIGHT et - puZ 500 [Afen d0dS  [PNOr Fast g Type Poer (R4S KEYSIGHT rsct RF Input 2 50 0 fon. 4008 [PNO Best Vi féug Type: Power (RMS
- resrrp (Cater O woiHokt: 1001100 a— warp O (el OF L
Algn: Auto Freq Ref.int (S} WV Pl Standsed I Cain Low - Fres Run ign Ao Froq ROT 1ot (S} | Pl Standesd [ Gan Low [Ty Erec Run N
w NCE. Adaplive [Sia Track. OF LR o apie g track o ALLE
1 Spectun v T Spoustun
[ScamDvi0d8 Ref Level 30.00 dBm Scale/Div 10 8. Ref Leval 30.00 dm
Log - Log
i "
iart 555500 67 oo BV 300 hFE Stop 2.49000 GHz| Start 2.40000 GHz #Video BW 300 Kz ‘Stop 2.43000 GHz
#Res BW 300 KHZ Sweep 1.33 ms (20001 pis) #Res BW 300 kHz Sweep 1.00 ms (1001 pts)
- ‘ Oct 18,2023 7 3 K
Hocm?uEe R ECIRE R D R
100 MHz Span 30MHz SPAN, SEGMENT 1 OF 3
Spectrum Analyzer 1 "+ Spectrum Analyzer 1 B
Swepl SA Swept SA
KEYSIGHT inpur WHZ KO0 [Afen 40dB  [PNO-HestWide [ Typer Powes (RS KEYSIGHT rsut ¥ input Z 50 0 dn ATB [PNC: BestWida v Typa: Power (RMS|
o rearnp jcate: o GG 00100 | o Froanp O (Galo
Al Auto Fraq R Int (S) i Pan: Standerd I Gain: Low - Frea Rum e Ao Ao Frea Bof Int (S} Pail Standasd [IF Gain 1ow
v NFE: Adapiiva 51 Track: 01 PNHNHNN w HEE Adapive Sa Irack G
1 Spectun 1 Specun .
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9.5. AVERAGE TIME OF OCCUPANCY

LIMITS

FCC §15.247 (a) (1) (iii)

The average time of occupancy on any channel shall not be greater than 0.4 seconds within a
period of 0.4 seconds multiplied by the number of hopping channels employed.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The span is set to 0 Hz, centered
on a single, selected hopping channel. The width of a single pulse is measured in a fast scan.
The number of pulses is measured in a 3.16 second scan, to enable resolution of each
occurrence.

The average time of occupancy in the specified 3.16 second period (79 channels * 0.4 s) is
equal to 10 * (# of pulses in 3.16 s) * pulse width.

For AFH mode, the average time of occupancy in the specified 8 second period (20 channels *
0.4 seconds) is equal to 10 * (# of pulses in 0.8 s) * pulse width.

RESULTS
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9.5.1. BLUETOOTH BASIC DATA RATE GFSK MODULATION

DH Packet Pulse Number of Average Time Limit Margin
Width Pulses in of Occupancy
[msec] 3.16 [sec] [sec] [sec]
seconds
GFSK Normal ANT1
DH1 0.377 32 0.121 0.4 -0.279
DH3 1.632 15 0.245 0.4 -0.155
DH5 2.880 11 0.317 0.4 -0.083
DH Packet Pulse Number of Average Time Limit Margin
Width Pulses in of Occupancy
[msec] 0.8 seconds [sec] [sec] [sec]
GFSK AFH ANT1
DH1 0.377 8 0.030 0.4 -0.370
DH3 1.632 4 0.065 0.4 -0.335
DH5 2.880 3 0.086 0.4 -0.314
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DH Packet Pulse Number of Average Time Limit Margin
Width Pulses in of Occupancy
[msec] 3.16 [sec] [sec] [sec]
seconds
GFSK Normal ANT2
DH1 0.378 32 0.121 0.4 -0.279
DH3 1.632 15 0.245 0.4 -0.155
DH5 2.880 11 0.317 0.4 -0.083
DH Packet Pulse Number of Average Time Limit Margin
Width Pulses in of Occupancy
[msec] 0.8 seconds [sec] [sec] [sec]
GFSK AFH ANT2
DH1 0.378 8 0.030 0.4 -0.370
DH3 1.632 0.065 0.4 -0.335
DH5 2.880 3 0.086 0.4 -0.314
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9.5.2. BLUETOOTH ENHANCED DATA RATE 8PSK MODULATION

DH Packet Pulse Number of Average Time Limit Margin
Width Pulses in of Occupancy
[msec] 3.16 [sec] [sec] [sec]
seconds
8PSK Normal ANT1
DH1 0.382 32 0.122 0.4 -0.278
DH3 1.631 15 0.245 0.4 -0.155
DH5 2.880 12 0.346 0.4 -0.054
DH Packet Pulse Number of Average Time Limit Margin
Width Pulses in of Occupancy
[msec] 0.8 seconds [sec] [sec] [sec]
8PSK AFH ANT1
DH1 0.382 8 0.031 0.4 -0.369
DH3 1.631 4 0.065 0.4 -0.335
DH5 2.880 3 0.086 0.4 -0.314
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DH Packet Pulse Number of Average Time Limit Margin
Width Pulses in of Occupancy
[msec] 3.16 [sec] [sec] [sec]
seconds
8PSK Normal ANT2
DH1 0.378 32 0.121 0.4 -0.279
DH3 1.632 15 0.245 0.4 -0.155
DH5 2.880 11 0.317 0.4 -0.083
DH Packet Pulse Number of Average Time Limit Margin
Width Pulses in of Occupancy
[msec] 0.8 seconds [sec] [sec] [sec]
8PSK AFH ANT2
DH1 0.378 8 0.030 0.4 -0.370
DH3 1.632 0.065 0.4 -0.335
DH5 2.880 3 0.086 0.4 -0.314
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EHICN - (I dRsaekes E RS o7 s R

PULSE WIDTH - 3-DH5

NUMBER OF PULSES IN 3.16 SECOND
OBSERVATION PERIOD - 3-DH5
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9.6.

LIMITS

§15.247 (b) (1)

OUTPUT POWER

The correlated maximum antenna gain + Beamforming gain is less than 6 dBi,

therefore the limit is 21 dBm.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer the analyzer bandwidth is set to a value

greater than the 20 dB bandwidth

RESULTS

of the EUT.

9.6.1. BASIC DATA RATE GFSK MODULATION

Frequency | Peak Output Limit Margin
Antenna Channel Power
[MHZz] [dBm] [dBm] [dB]
0 2 402 19.85 -1.15
ANT1 39 2441 20.08 -0.92
78 2480 18.21 -2.79
0 2 402 16.68 21.00 -4.32
ANT2 39 2441 17.66 -3.34
78 2 480 15.25 -5.75
Worst 20.08 -0.92
9.6.2. ENHANCED DATA RATE Pi/4-DPSK MODULATION
Peak Output P ;
Antenna Channel Frequency Powerp Limit Margin
[MHZ] [dBm] [dBm] [dB]
0 2 402 19.09 -1.91
ANT1 39 2441 19.45 -1.55
78 2480 17.61 -3.39
0 2 402 16.31 21.00 -4.69
ANT2 39 2441 16.14 -4.86
78 2 480 14.20 -6.80
Worst 19.45 -1.55
9.6.3. ENHANCED DATA RATE 8PSK MODULATION
Frequency | Peak Output Limit Margin
Antenna Channel Power
[MHZz] [dBm] [dBm] [dB]
0 2 402 18.46 -2.54
ANT1 39 2 441 19.47 -1.53
78 2480 17.77 -3.23
0 2 402 15.72 21.00 -5.28
ANT2 39 2441 16.81 -4.19
78 2 480 14.17 -6.83
Worst 19.47 -1.53
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9.6.4. BASIC DATA RATE GFSK MODULATION(DUAL)

Peak Output

Antenna Channel Frequency Power Limit Margin
[MHZ] [dBm] [dBm] [dB]
DUAL 0 2 402 13.90
ANT1 39 2441 13.45
78 2480 13.59
DUAL 0 2 402 12.42
39 2441 13.87
ANT2 .
78 2480 12.09 21.00
DUAL 0 2 402 16.23 -4.77
ANT142 39 2441 16.68 -4.32
78 2480 15.91 -5.09
Worst 16.68 -4.32
9.6.1. ENHANCED DATA RATE Pi/4-DPSK MODULATION(DUAL)
Peak Output P ;
Antenna Channel Frequency Power Limit Margin
[MHZ] [dBm] [dBm] [dB]
DUAL 0 2 402 12.02
ANTL 39 2441 12.33
78 2480 11.06
DUAL 0 2 402 9.67
39 2441 10.56
ANT2 .
78 2 480 9.08 21.00
DUAL 0 2 402 14.01 -6.99
ANT142 39 2441 14.54 -6.46
78 2480 13.19 -7.81
Worst 14.54 -6.46
9.6.2. ENHANCED DATA RATE 8PSK MODULATION(DUAL)
Frequency | Peak Output Limit Margin
Antenna Channel Power
[MHZ] [dBm] [dBm] [dB]
DUAL 0 2 402 12.29
ANTL 39 2441 12.58
78 2 480 12.10
DUAL 0 2 402 9.88
39 2441 11.04
ANT2
78 2 480 9.43 21.00
DUAL 0 2 402 14.26 -6.74
ANT1+2 39 2441 14.89 -6.11
78 2 480 13.98 -7.02
Worst 14.89 -6.11
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9.6.3. OUTPUT POWER PLOTS

PEAK OUTPUT POWER

26087 |SpeammAn=Ayza2 .+ 26087 |SpeammArwyzev2 “ +
Burst Power Swept S Burst Porer Swep: S
KEYSIGHT ineut k- Tinput 7 500 WAten abdE PN bast wg lype LogFawer |+ 34 5 6 KEYSIGHT Insut R+ TInput 2 51 0 HAten ADdE [PNC bast wg Iype LogPower | 34 5 6
roamp: wolHoid 1001100 o rosme: (Cate: 0F waiHaid: 1001100 e
RL g Ao FreqRsf Int (8} W P Sianderd I Can Low M AL = gn A Freq Ref Int (81 W Pl Siandard I Cain Low M
w NFE. Adaive 5 Track. O PHNNNN w NFE. Adapive S Track. Of PN N NN
1 Spocum i Mkri 2.402 30 GHZ| 1 Spaciun il Mkr1 2.402 71 GHz
ScaleiDly 1048 Ref Level 10.00 dBm 19.85 dBm| ScaleiDly 1048 Ref Level 10.00 dBm 16.68 dBm|
Lag Log
o am -
0 00
mo 20
100 s
s 00
o) s
Center 2.402000 GHz #Video BW 50 Wiz Span 10.00 MHz center 2.402000 GHz #Video BW 50 MHz Span 10.00 MHz,
[#Res BW 2.0 MHz Swoep 1.00 ms (1001 pts) [#Res BW 3.0 MHz Swoop 1.00 ms (1001 pis)
1 1 Oct 08, 2023 7 T I Oci 08, 2023 ; ey
HaCl? e [z WIEEE | o o2 uEe [RSlLY]ES]M
26087 Spectrum Analyzer 2 T+ 26087 Spectrum Analyzer 2 L+
Burst Power Swep: A Burst Poner Swept S
KEYSIGHT it 16 PEZ 00 [Aten s (PN T e — KEVSIGHT e WREZ 00 [ten 05 [P0 Fas g type Logbamer |54 5o
reamp: o T T Preanip lcate on T
AL gy FraqRef Int (S} W Patn: Siandard I~ s Low ' Frea Run M BL o ign Ao Fraq Ret Int (S} W Pah: Standard I G Lowr ng: Fres Run MW
w NFE. Adapvs i Track: O PHNNNN w NFE Adapive 5 Track o PNNNNK
1 Spoctium K Mkr1 2.440 96 GHz| 1 Spectiun i Mkr1 2.440 92 GHz
Scale/Div 10 a8 Ref Level 30.00 dBm 20.08 dBm| ScalelDiv 10 dB Ref Level 30.00 dBm 17.66 dBm|
[} 4
o o -
} N
0 0
100 y
e
Conter 2.431000 GHz #Video BW 50 HHz Span 10,00 MHz Contor 2.431000 GHz #Video B 50 MHz Span 10.00 MHz,
[#Res BW 3.0 MHz Swesp 1.00 ms (1001 pts) #Res BW 3.0 Mz Swesp 1.00 ms (1001 prs)
Oct 08, 2023 D10 [ ] Oct 08, 2023 / D10 [ ]
€9 l? e o3/ ] [ =4 woC Wl ? e J o2/ [ [ [3
26087 Spectrum Analyzer 2 o+ 26087 Spectrum Analyzer 2 D+
Burst Power Swept A Burst Fomer Swep: SA
KEYSIGHT inpur i Input 2 500 wten 4D R [PNCr Fast wy Iype LogPower [+ 5 34 5 6 KEYSIGHT Inpur - Input Z 500 whiten 40 R (PN Fast wg Iype LogPower |- 34 5 6
reamp. wgHom 000 [, rsamp. wgHo 000, D
RL o ign Auta FreqRef- Int(S) | Pain Standaed | Cain: Low iy Frea Rum M RL o= ipn Aun Freq Ref- Int (S | Paih Standsed I Cain: Low iy Frea Rum M
w NFE. Adapiivs i Track: O PHNNNN w NFE Adapiive 59 Track. O PNNNNN
1 Spocium v MKr1 2.480 32 GHZ| 1 Spocin v MKr1 2.480 00 GHz
Scale/Div 10 dB Ref Level 30.00 dBm 18.21 dBm| 'Scale/Div 10 dB Ref Level 30.00 dBm 15.25 dBm|
Log Log
a0 '] 200 &
0 o
00
00 0
10 i
S0 500
a0 5
Contor 2.480000 GHz Vide0 BW 50 MHz Span 10.00 MHz Contor 2.480000 GHz BVideo BAY 50 MHE Span 10.00 MKz
[#Res BW 3.0 MHz Swosp 1.00 ms (1001 pts) [#Res BW 3.0 MHz Swoep 1.00 ms (1001 pis)
act08, 2023 \ el Ye et 08, 2023 3 el Ye
Ha - l? e [b@EE | o c|? e [ 1oz [ 5 > <

Page 38 of 88
UL KOREA LTD. Suwon Laboratory FORM ID: FCC_15C(05)
218 Maeyeong-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16675, Korea TEL: (031) 337-9902 FAX: (031) 213-5433
UL KOREA LTD. Confidential
This report shall not be reproduced except in full, without the written approval of UL KOREA LTD.




REPORT NO: 4790976523-E9V2 DATE: 2023-10-30

FCC ID: ABLSMS921U

7 Spectrum Analyzer 2 26087 Spectrum Analyzer 2
Burst Power Sy Burst Power Sy
KEYSIGHT inpur i input 7 500 wAten 4DAR [PNOTFast Typer L ng-ower 1456 KEYSIGHT inpur 1 input 7 50 G wAten aDdR [PNO Fast Typer | og-Fower
AL Pre off wofHokt 1001100 M AL Pre wgfHokt 1001100
T Align Autn FreqRef-Int (S} | Path Standard | Cain Low g Frea Run e = Align Auia Freq Ref-Int (S | Par Standsed I Cain: Low g Frea fun
o |Sig Track: G PNNNNN v [Sig Track: O
1 spectrum v Mkr1 2.402 22 GHZ| 1 Spectiun v Mkr1 2.402 06 GHz,
ScaleiDiv 1048 Ref Level 30.00 dBm 19.09 dBm) ScaleiDiv 1048 Ref Level 30.00 dBm 16.31 dBm
1
SR - ¢
0 — . o0, o ' S
00 . - ey,
20 w0
00 *©
o
Center 2.402000 GHz #Video BW 50 MHZ 'Span 10.00 MHz Canter 2.402000 GHz #Video BW 50 MHZ ‘Span 10.00 MHZ
[#Res BW 3.0 MHz Sweep 1.00 ms (1001 pts) [#Res BW 3.0 MHz Sweep 1.00 ms (1001 pts)
0ct08, 2023 \ | [ Oct 08, 2023 A, o0 e
€9~ ?EEEe [[22| ) B> € €9~ ?NETe 22/ |83 (23] > &
26087 ‘Spectrum Analyzer 2 N T 26087 ‘Spectrum Analyzer 2 |+
Burst Power Swept SA T Burst Power [Swept SA
KEYSIGHT Ineuf k- lnput 2 500 wAiten 4D dE [PNCr Fast wg lype LogFawer |+ 34 5 6 KEYSIGHT Insut k- Tinput 2 50 0 hhiten 40 dEs (PN Fast wg Iype LogPower |~ 34 5 6
ream: ikt 100100 s reame: svglHokt: 100100 e
RL g Ao FreqRef Int (S} | Path: Standerd || Cain: Low Run M AL = aign A Freq Ref Int (S} W Path: Standsrd [I Cain: Low Run M
o NFE. Adapive |Sig Track: G PRNNNN ™ NE. Adaplive |Sig Track. OFf PNNNNN
1 Specium K Mkr1 2.441 37 GHz 1 Specim v Mkr1 2.441 35 GHz
ScaleiDiv 10 d& Ref Level 30.00 dBm 19.45 dBm)| ScaleiDiv 108 Ref Level 30.00 dBm 16.14 dBm|
Log Log
¢ N "
om0 . - o100, S
o .
v + -
20 20
T o
400 0.
50 500
00 60
Gonter 2.441000 GHz #Video BW 50 Wz an 10.00 Mz Gontor 2.441000 GHz #ideo BV 50 Mz an 10.00 MHz,
#Res BW 3.0 MHZ Swedp 1.00 me (1001 pte) [#¥Res BW 3.0 MHZ Sweep 1.00 ms (1001 pte).
1 1 Oc 08, 2023 7 T I 1 Oc 08, 2023 ; ey
®aCl? e @R | o~ a? swe Iz |8 B¢
26087 ‘Spectrum Analyzer 2 . T 26087 ‘Spectrum Analyzer 2 o+
Burst Power Swept SA T Burst Power [Swept SA
KEYSIGHT inpur k- Input 2 500 wAtten aDAR [PNOr Fast w Iype LogPower |+ 54 5 6 KEYSIGHT Ineur it Input 7 500 wAtten aDAR [PNOF Fast wg Iype LogPower |- 54 5 6
rearp lcate: 0 gl 1004100 —— Preamps jcate: ot gl Hoka 1001100 AW
AL gn FreqRet It (S) W Patr: Standerd 1 Car Lo [Tng: Fres Rum M AL o on A Freq R Int (S} W Patr: Standerd | Caim Low [Tng: Free Rum M
w NFE: Adapive IS Track: G PNNNNN w NFE: Adaplive |Sig Track: O PNNNNN
1 Spectium K Mkr1 2.480 15 GHZ| 1 Spectium i Mkr1 2.480 00 GHz,
ScaleiDiv 1048 Ref Level 30.00 dBm 17.61 dBm) ScaleiDiv 1048 Ref Level 30.00 dBm 14.20 dBm
1
St = '3
0o - oo
h ] b
o
0 w0
00 10
o
Center 2.480000 GHz #Video BW 50 MHz an 10.00 MHz Center 2.480000 GHz #Video BW 50 MHz an 10.00 MHz|
[#Res BW 3.0 Mz Sweep 1.00 ms (1001 pts) [#Res BW 3.0 Mz Sweep 1.00 ms (1001 pts)
0ct08, 2023 \ T [ Oct 08, 2023 A 0 s
€9 c A ?REe o3/ 8] [ (2 w9 C Ml ? e |22/ 89 [FE] [3
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26087 ‘Spectrum Analyzsr 2 ‘Spectrum Analyzsr 2
Burst Power Swey Burst Power Sy
KEYSIGHT inpur i input 7 500 wAten 4DAR [PNOTFast Typer L ng-ower 1456 KEYSIGHT inpur 1 input 7 50 G wAten aDdR [PNO Fast Typer | og-Fower
AL i o MO 10000 | AL o gl Hokd 100100
T Align Autn FreqRef-Int (S} | Path Standard | Cain Low g Frea Run e = Align Auia Freq Ref-Int (S | Par Standsed I Cain: Low g Frea fun
w S Track: O PNNNNN w i Track: OF
1 spectrum v Mkr1 2.401 82 GHZ| 1 Spectiun v Mkr1 2.402 06 GHz,
Scale/Div 10 dB Ref Level 30.00 dBm 18.46 dBm| 'Scale/Div 10 dB Ref Level 30.00 dBm 15.72 dBm|
¥ Log Y
1
" . Tl 0
c - o,
" o
w0 00
00 %0
00 500
0
Conter 2.402000 GHz #Video BW 50 MHz Span 10.00 Mz Cnter 2.402000 GHz #Video BW 50 MHZ Span 10.00 Mz
[#Res BW 3.0 MHzZ Swosp 1.00 ms (1001 pts) [#Res BW 3.0 MHz Swoep 1.00 ms (1001 pis)
et 08, 2023 \ | [ Oct 08, 2023 A o0 [
€9 C? SN e W | o c.? SSie (==L Ve
26087 ‘Spectrum Analyzer 2 Brs 26087 ‘Spectnum Analyzer 2 s
Burst Power Swept 54 Burst Power Swept 54
KEYSIGHT ineut k- Tinput 7 500 WAten abdE PN bast wg lype LogFawer |+ 34 5 6 KEYSIGHT Insut R+ TInput 2 51 0 HAten ADdE[PNC Fast wg Iype LogPower | 34 5 6
reamp: ikt 100100 s reame: (Gater OFF svglHokt: 100100 e
RL g Ao [reqRef Int (S} |/ Paif: Standerd I~ Cain: Low Run M AL = aign A Freq Rt Int (S} W/ Pat: Standerd I” Cain: Low Run M
w NE. Adaglive S Track. O PNNNNN w NFE. Adaplive /S Track. 0 PN NN
1 Specium K Mkr1 2.440 95 GHz| 1 Specim v Mkr1 2.441 23 GHz
ScalelDiv 10 48 Ref Level 30.00 d&m 19.47 dBm| ScalelDiv 10 a8 Ref Level 30.00 dBm 16.81 dBm|
Log Log
'y ; ¢
om0 . u -
..
oy
c A
F -
20 a0
w0 0
100 10
00 500
00 50
Gonter 2.441000 GHz #Video BW 50 Wz an 10.00 Mz Gontor 2.441000 GHz #ideo BV 50 Mz an 10.00 MHz,
[#Res BW 3.0 MHz Swesp 1.00 me (1001 pts) [#Res BW 3.0 MHz Sweep 1.00 me: (1001 pts)
1 1 Oci 08, 2023 7 T I 1 Oc 08, 2023 ; ey
HaCl? RERe [z WEEE | w2 R Iz |8 B¢
26087 ‘Spectrum Analyzer 2 B 26087 ‘Spectnum Analyzer 2 L+
Burst Power Swept SA Burst Powrer Swept SA
KEYSIGHT it i IR SO0 JuAtn SDAE[PNO s wg Iyper LogPower |- 5 4 5 6 KEYSIGHT irr i I KO0 (uAflen SDAE [PNOr bas g lyper LogDamer |- 5 4 5 6
ey lCater O wglHaiE 10100 et Praarops [Cate: 0t g oK 100100 e
AL gn FreqRet It (S) W Patr: Standerd 1 Car Lo [Tng: Fres Rum M AL o on A Freq R Int (S} W Patr: Standerd | Caim Low [Tng: Free Rum M
w NFE: Adaptiva /5 Track: o1 PNNNNN w NFE: Adapive IS Track: OF PNNNNN
1 Spectium K Mkr1 2.479 93 GHZ| 1 Spectium i Mkr1 2.480 21 GHz,
Scale/Div 10 dB Ref Level 30.00 dBm 17.77 dBm| 'Scale/Div 10 dB Ref Level 30.00 dBm 1417 dBm|
T Log ¥
u - w = ~
0 o
00 10
o
Center 2.450000 GHz #ideo BWY 50 MHz ‘Span 10.00 Mz Center 2.450000 GHz #Video BW 50 MHZ an 10.00 MHz,
[#Res BW 3.0 MHz Swesp 1.00 ms (1001 pts) [#Res BW 3.0 MHz Sweep 1.00 ms (1001 pts)
0ct 08, 2023 \ T [ 0Oct 08, 2023 A | e
€9 l? e o3/ 8] [ (2 w9 C Wl ? NSRS |22/ 89 [FE] [3
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Spectrum Analyzer 1 Spectrum Analyzer 2 + Spectrum Analyzer 1 Spectrum Analyzer 2 o+
Burst Power Swept SA Burst Power Swept SA
KEYSIGHT input &5 pi £ 500 o 005 [PNO Fast Type Power (RS | 7 2 5 6 KEYSIGHT inpu & piA £ 500 o 00 [PNO bast Type: Power (RS |0 5 2 5 p
Preamp 0 [Gate 0 wglHold 200200 . Progmp Of |Gate O wglHold 200200 .
* align it FreqRef Int (3) W Paih: Standard IF Gain Low (Triy Frea Run (M A " Align Auto Freq Ref Int(S) W Pain’ Standard IF Gain Low Trig® Free Run [P BN A
w NTE Agspive Track PNNNNN w NTE Acspive 5 Tracke O PHNNNN
1 Spectun v Mkr1 2.402 276 5 GHz| 1 Spectum ' Mkr1 2.401 959 5 GHz|
Scale/Div 10 4B Ref Level 30.00 dBm 13.90 dBm)| Scale/Div 10 4B Ref Level 30.00 dBm 12.42 dBm)|
Log Y Log v
¥ [
. A L
:0/ o = T
300 300
0 0
500 500
Center 2.402000 GHz #ideo BW 50 MHz Span 10.00 Mz Center 2.402000 GHz #Video BW 50 MHz Span 10.00 Mz
[#Res BW 3.0 MiHz Sweep 1.33 ms (20001 pis; [#Res BW 3.0 Mz Sweep 1.33 ms (20001 pis
Oct26, 2023 Y Cet26, 2003 ) s
W ol ?EEN SR E WM ? N SHIL IS S P
Spectrum Analyzer 1 Spectrum Analyzer 2 s Spectrum Analyzer 1 Spectrum Analyzer 2 s
Burst Power Swept S4 Burst Power Swept SA
KEYSIGHT input npit 7 505 o 40 [PNG Ea Tyge Power (RS | 3 2 5 6 KEYSIGHT ineut 3 opit 7 506 o S0 [PNOY Tyre Pownr (RMS] |0 5 2 5 6
amp [t of walHold 2007200 emp (Cate: Off salHold 200200
T ign Ao Freq Ret Int (S) | Path Standerd I- Can Low — |Tng: Free Run [H W el e T pign aue Freq Ret Int(S) W Path Standard I Cain Low | Tng: Free Run [H e
v NTE Adspiwe 8 Track: Cf PUNNNN v NIE Adspine [Sq Track: O PN NN
1 Spechun v Mkr1 2.441 012 0 GHz| 1 Spechum v Mkr1 2.441 020 5 GHz|
ScaleiDiv 10 48 Ref Level 30.00 dBm 13.45 dBm) ScaielDiv 10 48 Ref Level 30.00 d8m 13.87 dBm)
Log - Log v
2 Y 2 3
- — .
0 - 100 ad
00 00
a0 0
500 o
Genter 2.441000 GHz #Video BW 50 MHz Span 10.00 Mz enter 2.441000 GHz #Video BW 50 MHz Span 10.00 Mz
BW 3.0 MHz Sweep 1.33 ms (20001 pts; 3.0 MHz Sweep 1.33 ms (20001 pts;
I 1 Oct 26, 2023 [ I o e I 1 Oct 26, 2023 [ I 0w
/ool ? RN oL YIRS | M ? SR RS YIRS
Spectrum Analyzer 1 Spectrum Analyzer 2 Tt Spectrum Analyzer 1 Spectrum Analyzer 2 T+
Power Swept SA Power Swept SA
KEYSIGHT inpot & pit 7 506 on 4l [NO Fast Type Power (5|2 1 5 5 6 KEYSIGHT inpu opiA 7 506 o [P s Type Fower (RS0 5 5 5 6
Al Tl w(s) P S i Gan Lon iy besien MW T hmnAde Tk () b o i Gan ou i bestun MY
w NIE: Adspiea lSq Trac o PNNNNN w NTE Adapive IS Track: O PN NN
1 Spaclrun v Mkr1 2.479 865 0 GHz| 1 Specum v Mkr1 2.479 897 0 GHz|
ScaleiDIv 10 48 Ref Level 30.00 d8m 13.59 dBm| Scale/DIv 10 48 Ref Level 30,00 dBm 12.09 dBm|
Log - Log v
L [}
0.0 < ~ — —
-100 / o T SN
20 2 .
200 00
0 "
500 00
Genter 2.460000 GHz #Video BW 50 Mz Span 10.00 Mz Genter 2.460000 GHz #Video BW 50 Mz Span 10,00 Mz

[#Res BW 3.0 MHz

Sweep 1.33 s (20001 prs]
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4B023PM -

#c~cd?
78 CHANNEL

Bueee .55 b {2001
S0 K
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o i T
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Spectrum Analyzer 1 Spectrum Analyzer 2 + Spectrum Analyzer 1 Spectrum Analyzer 2 o+
Burst Power Swept SA Burst Power Swept SA
KEYSIGHT npur i Input £ 500 dien 40 a8 PN Fast Type Powier (RMS[ |0 7 2 5 g KEYSIGHT nput i inpu 7 500 e 40 [PNO Fast Type Power (RMS] 0 9 2 5 5
.t € SQHO 200000 ey my " SO 200000y
Align: Aty Freq Ref Int(5) W Path: Standsnd |IF Gain Low (T Frea Run * Algn: Auto Freq Ref Inf(S) W Peth Standard IF Gain Low Ty Frae Run *
™ NFE: Adsptve l8ig Track: G PNNNNN w NFE: Acaptve [Sig Track: OfF PMNNNN
1 Spectun v Mkr1 2.402 292 0 GHz| 1 Spectum ' Mkr1 2.402 060 5 GHz|
ScaleiDiv 10 48 Ref Level 30.00 dBm 12.02 dBm)| Scale/Div 10 4B Ref Level 30.00 dBm 9.67 dBm|
Log Y Log v
) R 'Y
e e - e
- P . e ——
N / o / \m
200 0 w/w
300 300
0 0
500 500
Center 2.402000 GHz #ideo BW 50 MHz Span 10.00 Mz Center 2.402000 GHz #Video BW 50 MHz Span 10.00 Mz
[#Res BW 3.0 MiHz Sweep 1.33 ms (20001 pis; [#Res BW 3.0 Mz Sweep 1.33 ms (20001 pis
Oct26, 2023 Y Ce126, 2003 ) s
W o7 SR E woc Al ? R <8 e
Spectrum Analyzer 1 [Spectrum Analyzer 2 B Spectrum Analyzer 1 [Spectrum Analyzer 2 o
Burst Power Swept A Burst Power Swept SA
KEYSIGHT npuf & input 750 03 fen 40 df [PNOY Fast Type Power (RMS| |2 3 2 5 6 KEYSIGHT /npuf i inpit 7 5061 fon 40 di [N Fast Type Power (RMS| | > 3 2 5 6
Proamp 0 [Gater OfF walHold 2007200 Progmp Off Cate OfF salHold 200200
T ign Ao Freq Ret Int (S) | Path Standerd I- Can Low — |Tng: Free Run [H W el e T pign aue Freq Ret-Int(S) | Paih: Standard I Gain Low Tng: Free Run [H e
w NIE: Adapive PNNNNN m NIE: Adaptive PN NNNN
1 Specinum v Mkr1 2.441 419 5 GHz| 1 Spselum v Mkr1 2.440 971 0 GHz|
ScaleDiviods Ref Level 30.00 d8m 12.33 dBm) ScaklOW 1008 Ref Level 30.00 d8m 10.56 4Bm)
Log - Log -
0 Y 0 ‘
B Eett s S - v—~——'———~_—~ -
R —— —— ——
o | | e,
o=
. ;UM o rf/ \\
200 LF oy
00 w00
a0 0
500 500
Genter 2.441000 GHz #Video BW 50 MHz Span 10.00 Mz enter 2.441000 GHz #Video BW 50 MHz Span 10.00 Mz
BW 3.0 MHz Sweep 1.33 ms (20001 pts; [#Res BW 3.0 MHz Sweep 1.33 ms (20001 pts;
I 1 Oct 26, 2023 [ I o e I 1 Oct 26, 2023 [ I 0w
Wl ?E oL YIRS | M ? S RS YIRS
Spectrum Analyzer 1 Spectrum Analyzer 2 Tt Spectrum Analyzer 1 Spectrum Analyzer 2 T+
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9.7. AVERAGE POWER

LIMITS

None; for reporting purposes only

TEST PROCEDURE

Measurements perform using a wideband gated RF power meter.
The cable assembly insertion loss was entered as an offset in the power meter to allow for
direct reading of power.

RESULTS

9.7.1. BASIC DATA RATE GFSK MODULATION

Frequency Average Average
Antenna Channel Output Power Output Power

[MHZz] [dBm] [mW]

0 2 402 19.300 85.114

ANT1 39 2441 19.657 92.406
78 2 480 17.747 59.525

0 2402 16.650 46.238

ANT2 39 2441 17.346 54.275
78 2 480 14.772 30.005

9.7.2. ENHANCED DATA RATE P1/4-DQPSK MODULATION

Frequency Average Average
Antenna Channel Output Power Output Power
[MHZ] [dBm] [mW]
0 2 402 15.952 39.373
ANT1 39 2441 16.289 42.550
78 2 480 14.590 28.774
0 2 402 13.170 20.749
ANT2 39 2441 13.645 23.147
78 2 480 11.405 13.820
9.7.3. ENHANCED DATA RATE 8PSK MODULATION
Average Average
Antenna Channel Frequency Output P%wer Output P%Wer
[MHZz] [dBm] [mMW]
0 2 402 15.929 39.165
ANT1 39 2441 16.570 45.394
78 2 480 14.568 28.629
0 2 402 13.176 20.778
ANT2 39 2441 13.675 23.308
78 2480 11.392 13.778
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9.7.4. BASIC DATA RATE GFSK MODULATION(DUAL)
Average Average
Frequenc
Antenna Channel d y Output Power Output Power
[MHZ] [dBm] [mW]
DUAL 0 2 402 13.631
ANTL 39 2441 13.174
78 2480 13.330
DUAL 0 2402 12.354
ANT2 39 2441 13.633
78 2480 12.116
DUAL 0 2402 16.050 40.268
ANT142 39 2441 16.420 43.852
78 2 480 15.776 37.806

9.7.5. ENHANCED DATA RATE P1/4-DQPSK MODULATION(DUAL)

Average Average
Frequenc
Antenna Channel d y Output Power Output Power
[MHZ] [dBm] [mW]
DUAL 0 2 402 10.144
ANTL 39 2441 10.737
78 2480 9.004
DUAL 0 2402 7.682
ANT2 39 2441 8.208
78 2 480 6.412
DUAL 0 2402 12.096 16.201
ANT142 39 2441 12.664 18.469
78 2480 10.909 12.327

9.7.6. ENHANCED DATA RATE 8PSK MODULATION(DUAL)

Frequency Average Average
Antenna Channel Output Power Output Power
[MHZ] [dBm] [mW]
DUAL 0 2 402 9.886
ANTL 39 2441 10.769
78 2 480 8.721
DUAL 0 2402 7.527
ANT2 39 2441 8.295
78 2480 6.436
DUAL 0 2 402 11.875 15.399
ANT142 39 2441 12.716 18.690
78 2480 10.737 11.850
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9.8. CONDUCTED SPURIOUS EMISSIONS

LIMITS

FCC 8§15.247 (d)
Limit = -20 dBc

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The resolution bandwidth is set to
100 kHz. The video bandwidth is set to 300 kHz.

The spectrum from 30 MHz to 26 GHz is investigated with the transmitter set to the lowest,
middle, and highest channels.

The band-edges at 2.4 and 2.4835 GHz are investigated with the transmitter set to the normal
hopping mode.

RESULTS
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9.8.1. BLUETOOTH BASIC DATA RATE GFSK MODULATION

SPURIOUS EMISSIONS, NON-HOPPING — ANT1
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SPURIOUS BANDEDGE EMISSIONS WITH HOPPING ON — ANT1
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SPURIOUS EMISSIONS, NON-HOPPING — ANT2
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SPURIOUS BANDEDGE EMISSIONS WITH HOPPING ON — ANT2
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