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1. ATTESTATION OF TEST RESULTS

COMPANY NAME: SRAM LLC
1000 W Fulton Market 4" Floor
Chicago, IL 60607, United States

EUT DESCRIPTION: Bicycle Head Unit

MODEL: 12300

BRAND: SRAM

SERIAL NUMBER: Radiated: 00416GA23270005 and 00416GA23270009

Conducted: 00413PA232960044 and 00413PA232960035

SAMPLE RECEIPT DATE: 2023-09-22 and 2023-09-28

DATE TESTED: 2023-09-29 to 2023-10-20
APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C Complies
ISED RSS-247 Issue 3 Complies
ISED RSS-GEN Issue 5+ Al + A2 Complies

UL Verification Services Inc. tested the above equipment in accordance with the requirements
set forth in the above standards. The test results show that the equipment tested is capable of
demonstrating compliance with the requirements as documented in this report.

The results documented in this report apply only to the tested sample, under the conditions and
modes of operation as described herein. It is the manufacturer's responsibility to assure that
additional production units of this model are manufactured with identical electrical and
mechanical components. All samples tested were in good operating condition throughout the
entire test program. Measurement Uncertainties are published for informational purposes only
and were not taken into account unless noted otherwise.

This document may not be altered or revised in any way unless done so by UL Verification
Services Inc. and all revisions are duly noted in the revisions section. Any alteration of this
document not carried out by UL Verification Services Inc. 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 A2LA, NIST, or any agency of the U.S. government.
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FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

2. TEST RESULTS SUMMARY

This report contains data provided by the customer which can impact the validity of results. UL
Verification Services Inc. is only responsible for the validity of results after the integration of the

data provided by the customer.
Below is a list of the data provided by the customer:

1) Antenna gain and type (see section 6.3)

FCC Clause | ISED Clause Requirement Result Comment
See Comment Dty Cycle urposes only | Secton 116,
See Comment |RoSCENG.7 15048 BW/99% OBW Efr%%réz‘gomy AP, §n6d361.8§e°“°”5

15.247 (a)(1) RSS-247 (5.1) (b) |Hopping Frequency Separation None.
15.247 (a)(1)(iii)) |RSS-247 (5.1) (d) |Number of Hopping Channels None.
15.247 (a)(1)(iii)) |RSS-247 (5.1) (d) |Average Time of Occupancy None.
15.247 (b)(1) RSS-247 (5.4) (b) |Output Power None.

Reporting Per ANSI C63.10,
See Comment Average Power purposes only Section 11.9.2.3.2.
15.247 (d) RSS-247 (5.5) Conducted Spurious Emissions None.
15.209, 15.205 g?g'GEN 8.9, |Radiated Emissions None.
15.207 RSS-Gen 8.8 AC Mains Conducted Emissions None.
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3. TEST METHODOLOGY

The tests documented in this report were performed in accordance with FCC 47 CFR Part 2,
FCC 47 CFR Part 15, ANSI C63.10-2013, KDB 558074 D01 15.247 Meas Guidance v05r02,
KDB 414788 D01 Radiated Test Site vO1r01, RSS-GEN Issue 5 + A1 + A2, and RSS-247 Issue

3.

4. FACILITIES AND ACCREDITATION

UL Verification Services Inc. is accredited by A2LA, Certificate Number 0751.05, for all testing
performed within the scope of this report. Testing was performed at the locations noted below.

Address ISED CABID ISED Company Number

Building 1:

47173 Benicia Street Us0104 2324A
Fremont, CA 94538, U.S.A

Building 2:

47266 Benicia Street Us0104 2324A
Fremont, CA 94538, U.S.A

Building 4:

47658 Kato Rd US0104 2324A
Fremont, CA 94538, U.S.A
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5. DECISION RULES AND MEASUREMENT UNCERTAINTY
5.1. METROLOGICAL TRACEABILITY

All test and measuring equipment utilized to perform the tests documented in this report are
calibrated on a regular basis, with a maximum time between calibrations of one year or the
manufacturers’ recommendation, whichever is less, and where applicable is traceable to
recognized national standards.

5.2. DECISION RULES
The Decision Rule is based on Simple Acceptance in accordance with ISO Guide 98-4:2012
Clause 8.2. (Measurement uncertainty is not taken into account when stating conformity with a
specified requirement.)

5.3. MEASUREMENT UNCERTAINTY

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

PARAMETER ULab
Radio Frequency (Spectrum Analyzer) 141.16 Hz
Occupied Bandwidth 1.22%
Power Spectral Density 2.47 dB
RF Power Measurement Direct Method Using Power Meter | 1.3 dB (PK) / 0.45 dB (AV)
Unwanted Emissions, Conducted 1.94 dB
Worst Case Conducted Disturbance, 9KHz to 0.15 MHz 3.78 dB
Worst Case Conducted Disturbance, 0.15 to 30 MHz 3.40 dB
Worst Case Radiated Disturbance, 9KHz to 30 MHz 2.87 dB
Worst Case Radiated Disturbance, 30 to 1000 MHz 6.01 dB
Worst Case Radiated Disturbance, 1000 to 18000 MHz 4,73 dB
Worst Case Radiated Disturbance, 18000 to 26000 MHz 451 dB
Worst Case Radiated Disturbance, 26000 to 40000 MHz 5.29 dB
Time Domain Measurements 3.39%
Temperature 0.57°C
Humidity 3.39%
DC Supply Voltages 0.57%

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

RADIATED EMISSIONS

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)

36.5 dBuV + 18.7 dB/m + 0.6 dB — 26.9 dB = 28.9 dBuV/m

MAINS CONDUCTED EMISSIONS

Where relevant, the following sample calculation is provided:

Final Voltage (dBuV) = Measured Voltage (dBuV) + Cable Loss (dB) + Limiter Factor (dB) +
LISN Insertion Loss.

36.5dBuV + 0dB +10.1 dB+ 0 dB =46.6 dBuV
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6. EQUIPMENT UNDER TEST
6.1. EUT DESCRIPTION
The EUT is a Bicycle Head Unit.
6.2. MAXIMUM OUTPUT POWER

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

Frequency Range Mode Output Power Output Power
(MHz) (dBm) (mW)
2402 - 2480 Basic GFSK 6.35 4.32
2402 - 2480 Enhanced DQPSK 7.35 5.43
2402 - 2480 Enhanced 8PSK 7.84 6.08
6.3. DESCRIPTION OF AVAILABLE ANTENNAS

The antenna(s) gain and type, as provided by the manufacturer’ are as follows:

The Qualcomm Radio utilizes a PIFA antenna, with a maximum gain of 2.08 dBi.

6.4. SOFTWARE AND FIRMWARE

The EUT firmware installed, and the test utility software used during testing was FVIN: H-2.0.
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6.5. WORST-CASE CONFIGURATION AND MODE

Radiated emissions below 1GHz, above 18GHz, and power line conducted emission were
performed with the EUT set to transmit at the channel with highest output power as worst-case
scenario.

Band edge and radiated emissions between 1GHz and 18GHz were performed with the EUT set
to transmit at the highest power on low, middle, and high channels.

The fundamental of the EUT was investigated in three orthogonal orientations X,Y,Z, it was
determined that X(Flatbed) orientation was worst-case orientation; therefore, all final radiated
testing was performed with the EUT in X orientation.

Worst-case data rates as provided by the client were:

GFSK mode: DH5
8PSK mode: 3-DH5
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6.6. DESCRIPTION OF TEST SETUP
SUPPORT TEST EQUIPMENT
Description Manufacturer Model Serial Number FCC ID/ DoC
Laptop Lenovo ThinkPad P15s PF-2YV2K6
Gen 2 DoC
Laptop AC/DC Lenovo ADLX65Y 8SSA10R16875C1SGO9PRSHT DoC
Adapter
I/O CABLES (CONDUCTED TEST)
Cable # of Identical Connector Cable
No. Port Ports Type Cable Type Length (m) Remarks
1 AC 1 2-Prong Un-shielded 1 AC Maersdto LT AC/DC
apter
2 DC 1 DC Un-shielded 15 AC/DC Adapter to Laptop
3 USB 1 USB Ato USB C Un-shielded 1 Laptop to EUT
4 SMA 1 SMA Un-shielded 0.1 EUT to Spectrum
Analyzer
5 AC 1 3-Prong Un-shielded 15 AC Mag\]s to Spectrum
nalyzer
I/O CABLES (RADIATED TEST EMISSIONS)
Cable # of Identical Connector Cable
No. Port Ports Type Cable Type Length (m) Remarks
1 AC 1 2-Prong Un-shielded 1 AC Mains to LT AC/DC
Adapter
2 DC 1 DC Un-shielded 15 AC/DC Adapter to Laptop
3 USB 1 USBAto USB C Un-shielded 1 Laptop to EUT
4 AC 1 3-Prong Un-shielded 15 AC Mains to Spectrum
Analyzer
TEST SETUP

For the purposes of testing, the EUT is connected to a laptop via USB A to USB C for radiated
emissions above 1GHz. The EUT is normally powered by a Li-lon battery at 3.85V. The laptop
is used for setting up purposes and was used during testing.
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SETUP DIAGRAMS
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7. 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 ID Num Cal Due Last Cal
Antenna, Broadband .
Hybrid, 30MHz to 1GHz Sunol Sciences Corp. JB3 232075 2024-03-31 | 2023-03-13
Antenna, Horn 1-18GHz ETS-Lindgren 3117 223083 2023-10-31 | 2022-10-25
RF Filter Box, 1-18GHz UL-FR1 n/a 197920 2024-05-31 2023-05-17
EMI TESTBSEF%?:ER’ with Rohde & Schwarz ESW44 191429 2024-02-29 2023-02-15
EMI TEST RECEIVER Rohde & Schwarz ESW44 225688 2024-02-29 2023-02-14
(chamber K)
A”te”;‘g*sgolflrz‘ 1810 ARA MWH-1826/B 199659 2023-12-06 | 2022-12-06
Amplifier 18-26.5GHz, AMP18G26.5-
+5Vdc, -54dBm P1dB AMPLICAL 60 234683 2024-03-29 2023-03-18
Antenna, Passive Loop
100KHz - 30MHz ELECTRO METRICS EM-6872 170015 2024-07-31 2022-07-28
Antenna, Passive Loop ELECTRO METRICS EM-6871 170013 2024-07-31 | 2022-07-28
30Hz - 1IMHz
Spectrum Analyzer, PXA, . .
3Hz to 44GHz Agilent Technologies N9030A 80396 2024-01-31 | 2023-01-27
Powe_r Meter, P-series Keysight Technologies N1911A 00754 2024-01-31 | 2023-01-24
single channel Inc
Power Sensor, P - series, Kevsight Technologies
50MHz to 18GHz, ysig 9 N1921A 81319 2024-01-25 | 2023-01-25
. Inc
Wideband
10dB Fixed Attenuator Pasternack Enterprises PE7087-10 236193 Verified Verified
AC Line Conducted
. FCC-LISN-
LISN Fischer Custom 50/250-25-2-01- 175765 2024-01-31  2023-01-27
Communications, Inc 480V
EMI TEST RECEIVER Rohde & Schwarz ESR 171646 2024-02-29 2023-02-20
Transient Limiter TE TBFL1 207996 2024-08-31 2023-08-10
UL TEST SOFTWARE LIST
Radiated Software uL UL EMC Ver 2023-01-18, 2023-03-03, 2023-05-01
Antenna Port Software UL UL RF Ver 2022-08-16
AC Line Conducted UL UL EMC Rev 9.5, 2022-02-17

Software

NOTES:

1. Equipment listed above that calibrated during the testing period was set for test after the

calibration.

2. Equipment listed above that has a calibration due date during the testing period, the testing is
completed before equipment expiration date.
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8. MEASUREMENT METHODS

On Time and Duty Cycle: ANSI C63.10-2013 Section 11.6

Occupied BW (20dB): ANSI C63.10-2013 Section 6.9.2

Occupied BW (99%): ANSI C63.10-2013 Section 6.9.3

Carrier Frequency Separation: ANSI C63.10-2013 Section 7.8.2

Number of Hopping Frequencies: ANSI C63.10-2013 Section 7.8.3

Time of Occupancy (Dwell Time): ANSI C63.10-2013 Section 7.8.4

Peak Output Power: ANSI C63.10-2013 Section 7.8.5

Conducted Spurious Emissions: ANSI C63.10-2013 Section 7.8.8

Conducted Band-Edge: ANSI C63.10-2013 Section 6.10.4

Radiated Spurious Emissions Below 30MHz: ANSI C63.10-2013 Section 6.4

Radiated Spurious Emissions 30-1000MHz: ANSI C63.10-2013 Section 6.3 and 6.5

Radiated Spurious Emissions above 1GHz: ANSI C63.10-2013 Section 6.3 and 6.6

Radiated Band-edge: ANSI C63.10-2013 Section 6.10.5

AC Power-line conducted emissions: ANSI C63.10-2013, Section 6.2.
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9. ANTENNA PORT TEST RESULTS

9.1. ON TIME AND DUTY CYCLE

LIMITS

None; for reporting purposes only.

PROCEDURE

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

ON TIME AND DUTY CYCLE RESULTS

Mode ON Time | Period | Duty Cycle | Duty Duty Cycle 1/T
B X Cycle | Correction Factor | Minimum VBW
(msec) [(msec)| (linear) (%) (dB) (kHz)
Bluetooth GFSK 85.00 | 85.00 1.000 100.00 0.00 0.010
Bluetooth 8PSK 89.20 | 89.20 1.000 100.00 0.00 0.010

DUTY CYCLE PLOTS

Agilent Spectrum Analyzer - AP2022.8.16,16080,Conductd A

———————

Agilent Spectrum Analyzer - APZ072.8.16,16080,Conducted A
L : = IGHAUTS 1031 L E g
[ Frequency P . Frequency
q #Avg Typa: RMS q #Avg Type: RMS
enter Freq 2.441000000 G:Lzﬂ e Trig:FreeRun il B enter Freq 2.441000000 G,!:f). B fr Wit el
IFGainlow  HAtten:30 dB IFGaindow  #Atten: 30 dB et
Auto Tune| Auto Tune|
0 de/div__Ref 20.00 dBm 0 dsidiv__Ref 20.00 dBm
Log Log
Center Freq| ; Center Freq|
[ 2.441000000 GHz| & ¢ 2441000000 GHz|
StartFreq| StartFreq|
2.441000000 GHz| 2.441000000 GHz|
Stop Freq| Stop Freq|
2.441000000 GHz| 2441000000 GHz|
Center 2.441000000 GHz Span 0 Hz CF Step Center 2.441000000 GHz Span 0 Hz CF Step
Res BW 8 MHz HVBW 50 MHz Sweep 100.0 ms (1001 pts) 8000000 MHz| Res BW 8 MHz #VBW 50 MHz Sweep 100.0 ms (1001 pts) 8000000 MHz|
BLTUNUTH BTN VALUE Man) L S A N30 3 ) S e - |1 Man)
1N t 6500 ms 4033 dBm 1N t 4.600 ms -3.105 dBm
2 a1 to@ 85.00 ms (&) 0029 dB 2 41 t oA 8920 ms () 0250 dB
3 a1 t (4 86500 ms (&) 0029 dB Freq Offset & a t oA £920 ms (A) 0250 d8. Freq Offset|
H 0 He] H OHz]
6 ]
7 7
3 8
9 9
] 10
1

BLUETOOTH 8PSK
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09

FCC ID: C90-HKB1 IC: 10161A-HKB1
9.2. 20 dB AND 99% BANDWIDTH
LIMITS

None; for reporting purposes only.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The RBW is set to =2 1% of the 20
dB bandwidth. The VBW is set to =2 RBW. The sweep time is coupled.

RESULTS

Page 18 of 79

UL VERIFICATION SERVICES
47173 Benicia Street, Fremont, CA 94538; USA TEL:(510) 319-4000 FAX:(510) 661-0888

This report shall not be reproduced except in full, without the written approval of UL VERIFICATION SERVICES



REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

9.2.1. BLUETOOTH BASIC DATA RATE GFSK MODULATION

Channel Frequency 20dB Bandwidth 99% Bandwidth
(MHz) (kHz) (kHz)
Low 2402 885.4 863.57

Mid 2441

883.5

860.82

High 2480

889.3

863.37

Agilent Spectrum Analyzor - AP2027.8.16, 16080, Conducten A Agilont Spectriam Analyzer - AP207.8.16,16080, Conducted A
U 0 : 5 o 8 FYeE
enter Freq 2,402000000 GHz Center Fraq: 2402000000 GHz Frequency enter Freq 2,441000000 GHz Canter Fraq 2441000000 GHz Frequency
o= Trig:Frae Run AvglHold: 2020 ;: AvglHold: 2020
AFGaindow  BAtten: 30 dB HFGainiow  SAen: 30 dB
Ref Offset 106 B Ref Offset 106 dB
"c dBidiv Ref 20.00 dBm ;c dBidiv Ref 20.00 dBm
aa on
Center Freq| CenterFreq|
2.402000000 GHz]| 2.441000000 GHz|
Center 2.402 GHz ‘Span 3 MHz CF Step Center 2.441 GHz Span 3 MHz| CF Step
#Res BW 30 kHz #VBW 91 kHz #Sweep 100 ms| 300,000 kHz] #Res BW 30 kHz #VBW 91 kHz #Sweep 100 ms) 300,000 kHz
lAuto Man Man
Occupied Bandwidth Total Power 6.31 dBm Occupled Bandwidth Total Power 8.54 dBm
863.57 kHz Freqomest 860.82 kHz Freqotten
Transmit Freq Error 10.826 kHz OBW Power 99.00 % oHz Transmit Freq Error 9.172 kHz OBW Power 99.00 % OHz
x dB Bandwidth 885.4 kHz x dB -20.00 dB x dB Bandwidth 883.5 kHz x dB -20.00 dB
usc Tamus wsc STans|
Agilont Spectriam Analyzer - AP207.8.16,16080, Conducted A
enter Freq 2.480000000 GHz Center Freq: 2450000000 GHz Frequency
=+ Trig: Fras Run AvglHold: 2020
FGainiow  SAken: 30 dB Radio Device: BTS
Ref Offset 106 dB
;c dBidiv Ref 20.00 dBm
og
Center Freq|
2.480000000 GHz|
Center 2.48 GHz ‘Span 3 MHz CF St
#Res BW 30 kHz #VBW 91KHz #Sweep 100ms, 300000 pihe
Man
Occupled Bandwidth Total Power 6.74 dBm
863.37 kHz Freqomest
Transmit Freq Error 7.803 kHz OBW Power 99.00 % oHz
x dB Bandwidth 889.3 kHz x dB -20.00 dB
wsc STarus
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REPORT N

0O: 14954500-E1V1

FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

9.2.2. BLUETOOTH ENHANCED DATA RATE 8PSK MODULATION

Channel Frequency 20dB Bandwidth 99% Bandwidth
(MHz) (MHz) (MHz)
Low 2402 1.348 1.2028

Mid 2441

1.350

1.2033

2480

High

1.351

1.2035

Agilent Spectrim Analyzer - AP2072.8.16,16080,Conducted A Agilont Spectrusm Analyzor - AP2072.8.16,16080, Conducted A
U 0 : 101:31:430%4 Sep 29, 2023 T [ W EEeT (01:39:1274 560 29, 123
enter Freq 2.402000000 GHz Center Freq: 2.402000000 GHz Radio Std: None Frequency enter Freq 2.441000000 GHz Center Freq: 2.441000000 GHz Radio Std: None Frequency
s~ Trig:Free Run AvglHeld: 20120 Trig: Free Run Avg|Hold: 2020
FGainLow  RAtten: 30 dB Radio Devica: BTS AFGainLow  #Amen: 30 4B Radio Davics: BTS
Ref Offset 106 dB Ref Offset 10.6 dB
10 dBldiv Ref 20.00 dBm 110 dBidiv Ref 20.00 dBm
Log Log
Center Freq| CenterFreq
2.402000000 GHz]| 2.441000000 GHz|
Center 2.402 GHz ‘Span 3 MHz CF Step Center 2.441 GHz Span 3 MHz| CF Step
#Res BW 30 kHz #VBW 91 kHz #Sweep 100 ms| 300,000 kHz] #Res BW 30 kHz #VBW 91 kHz #Sweep 100 ms) 300,000 kHz
lAuto Man) Man|
Occupied Bandwidth Total Power 5.17 dBm Occupled Bandwidth Total Power 7.54 dBm
1.2028 MHz Freqomest 1.2033 MHz Freqoten
Transmit Freq Error 10.512 kHz OBW Power 99.00 % 0Hz Transmit Freq Error 9.285 kHz OBW Power 99.00 % OHz
x dB Bandwidth 1.348 MHz x dB -20.00 dB x dB Bandwidth 1.350 MHz x dB -20.00 dB
usc amamus wsc Tans

Agilont Spectrim Analyzer - APZ022.8.16,16080, Conductod A

T " A A 10142 3974 Sep 29, 2023
enter Freq 2.480000000 GHz Center Freq: 2.480000000 GHz Radio Std: None Frequency
3~ Trig: Free Run Avg|Hold: 2020
AFGainluow  #Aman: 30 45 Radio Devica: BTS
Ref Offset 10.6 dB
110 dBidiv Ref 20.00 dBm
Log
Center Freq|

2480000000 GHz|

;;nter 248 GHz ‘Span 3 MHz CF Step
es BW 30 kHz #VBW 91 kHz #Sweep 100 ms| 300,000 kHz]
Occupled Bandwidth Total Power 5.73 dBm Man
1.2035 MHz Freqomse
Transmit Freq Error 8.292 kHz OBW Power 99.00 % 0z

x dB Bandwidth 1.351 MHz x dB -20.00 dB

sTans

HIGH CHANNEL
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

9.3. HOPPING FREQUENCY SEPARATION

LIMITS

FCC §15.247 (a) (1)
RSS-247 (5.1) (b)

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 mW.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The RBW is set to 300 kHz and the
VBW is set to VBW >= RBW. The sweep time is coupled.

RESULTS
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

9.3.1. BLUETOOTH BASIC DATA RATE GFSK MODULATION

Agilent Spectrum Analyzer - AP2022.8.16,16080,Conducted A

L RF 506 D SEMNSEINT ALIGH ALTO 10:59;08 AM Sep 29, 2023
[Center Freq 2.441500000 GHz _ #Avg Type: RMS mace[l 55|  Frequency
PNO: Wide . 1rig:Free Run Avg|Hold:>100/100 TYPE |l ihifidihe
IFGaimiLow — #Atten: 50 dB pET | M
AMKr1 1.000 MHZ AutoTune
Ref Offset 106 dB
10 dBidiv  Ref 40.00 dBm -0.130 dB
fLog
Center Freq
00 2.441500000 GHz
200
StartFreq
- ’ | 2.439000000 GHz
o Stop Freq
2.444000000 GHz
-10.0
00 CF Step
500.000 kHz
Auto Man
-30.0
00 Freq Offset
' 0Hz
-50.0
Center 2.441500 GHz Span 5.000 MHz
Res BW 300 kHz #VBW 910 kHz Sweep 2.533 ms (1001 pts)
MSG STATUS
HOPPING FREQUENCY SEPARATION PLOT
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

9.3.2. BLUETOOTH ENHANCED DATA RATE 8PSK MODULATION

Agilent Spectrum Analyzer - AP2022.8.16,16080,Conducted A
L RF S0¢  DC SEMSEINT ALIGH AUTO 01:58:23PM Sep 29, 2023

[Center Freq 2.441500000 GHz _ #Avg Type: RMS TRACE[S 3456 Frequency
PNO: Wide . 1rig:Free Run Avg|Hold:>100/100 THRE | ] bttt
IFGainiLow — #Atten: 50 dB pET | MNP
AMKr1 1.000 MHZ Auto Tune
Ref Offset 10.6 dB
10 dBidiv Rg,f 4(?.?)0 dBm 0.562 dB|
fLog
CenterFreq
00 2.441500000 GHz
200
StartFreq
100 ’ 2.439000000 GHz
S
o Stop Freq
2.444000000 GHz
-10.0
0 CF Step
500.000 kHz
Auto Man
-30.0
400 Freq Offset
' 0Hz
-50.0
Center 2.441500 GHz Span 5.000 MHz
Res BW 300 kHz #VBW 910 kHz Sweep 2.533 ms (1001 pts)
HOPPING FREQUENCY SEPARATION PLOT
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

9.4. NUMBER OF HOPPING CHANNELS

LIMITS

FCC §15.247 (a) (1) (iii)
RSS-247 (5.1) (d)

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. The RBW is set to a
maximum of 1 % of the span. The analyzer is set to Max Hold.

RESULTS

Normal Mode: 79 Channels Observed
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

9.4.1. BLUETOOTH BASIC DATA RATE GFSK MODULATION

Agilent Spectrum Analyzer - AP2022.8.16,16080,Conducted A

L RF S0¢  DC SEMSEINT ALIGH AUTO 10:57:23 AM Sep 29, 2023 E
[Center Freq 2.440000000 GHz _ Avg Type: Log-Pwr TRACE[L 505 6 requency
PNO: Fast 0 Trig: Free Run Avg|Hold:>100/100 TwPE|M
IFGain:Low Atten: 40 dB pET|P MM
Auto Tune
Ref Offset 10,6 dB
10 dBidiv. Ref 40.00 dBm
fLog
CenterFreq
00 2.440000000 GHz
200
StartFreq
0o i SN N N 2.390000000 GHz
o Stop Freq
1w 2490000000 GHz
0.0
0 CF Step
10.000000 MHz
Auto Man
-30.0 fis -
400 Freq Offset
0 Hz
0.0
Start 2.39000 GHz Stop 2.49000 GHz
Res BW 1.0 MHz #VBW 3.0 MHz Sweep 1.000 ms (1001 pts)
MSG STATUS

100MHz SPAN
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

Agilent Spectrum Analyzer - AP2022.8.16,16080,Conducted A

L RF Soq Do SEMNSE!INT

ALIGH AUTO

10:41:25 AM Sep 29, 2023

IFGain:Low Atten: 40 dB

[Center Freq 2.415000000 GHz #Avg Type: RMS

PNO: Wide 0 Trig: Free Run Avg|Hold>100/100

TRACE 2456

Frequency

DET|P I MM R

Ref Offset 10.6 dB
10 dBidiv.~ Ref 40.00 dBm
JLog

Auto Tune

300

200

100

0.00

-10.0

=200

-30.0

CenterFreq
2.415000000 GHz

StartFreq
2.400000000 GHz

StopFreq
2.430000000 GHz

CF Step
3.000000 MHz
Auto Man

-40.0

-a0.0

Start 2.40000 GHz
Res BW 300 kHz #VBW 910 kHz

Sweep 1.000 ms (1001 pts)

Stop 2.43000 GHz

Freq Offset
0Hz

MSG

STATUS

30MHz SPAN, SEGMENT 1 OF 3
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

Agilent Spectrum Analyzer - AP2022.8.16,16080,Conducted A

L RF Soq Do SEMNSE!INT

ALIGH AUTO

10:46:46 AM Sep 29, 2023

IFGain:Low Atten: 40 dB

[Center Freq 2.445000000 GHz #Avg Type: RMS

PNO: Wide 0 Trig: Free Run Avg|Hold>100/100

TRACE 2456

Frequency

DET|P I MM R

Ref Offset 10.6 dB
10 dBidiv.~ Ref 40.00 dBm
JLog

Auto Tune

300

200

0.00

-10.0

CenterFreq
2.445000000 GHz

StartFreq
2.430000000 GHz

StopFreq
2.460000000 GHz

=200

-30.0

CF Step
3.000000 MHz
Auto Man

-40.0

Freq Offset
0Hz

-a0.0

Start 2.43000 GHz
Res BW 300 kHz #VBW 910 kHz

Stop 2.46000 GHz

Sweep 1.000 ms (1001 pts)

MSG

STATUS

30MHz SPAN, SEGMENT 2 OF 3
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

Agilent Spectrum Analyzer - AP2022.8.16,16080,Conducted A

L RF Soq Do SEMNSE!INT

ALIGH AUTO

10:56:27 AM Sep 29, 2023

IFGain:Low Atten: 40 dB

[Center Freq 2.475000000 GHz #Avg Type: RMS

PNO: Wide 0 Trig: Free Run Avg|Hold>100/100

TRACE 2456

Frequency

DET|P I MM R

Ref Offset 10.6 dB
10 dBidiv.~ Ref 40.00 dBm
JLog

Auto Tune

300

200

100

0.00

-10.0

CenterFreq
2.475000000 GHz

StartFreq
2.460000000 GHz

StopFreq
2.490000000 GHz

=200

-30.0

CF Step
3.000000 MHz
Auto Man

-40.0

Freq Offset
0Hz

-a0.0

Start 2.46000 GHz
Res BW 300 kHz #VBW 910 kHz

Stop 2.49000 GHz

Sweep 1.000 ms (1001 pts)

MSG

STATUS

30MHz SPAN, SEGMENT 3 OF 3
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

9.4.2. BLUETOOTH ENHANCED DATA RATE 8PSK MODULATION

Agilent Spectrum Analyzer - AP2022.8.16,16080,Conducted A

L RF S0¢  DC SEMSEINT ALIGH AUTO 01:53:17PM Sep 29, 2023 E
[Center Freq 2.440000000 GHz _ Avg Type: Log-Pwr TRACE[L 505 g requency
PNO: Fast 0 Trig: Free Run Avg|Hold:>100/100 TwPE|M
IFGaim:Low Atten: 40 dB peET P H T
Auto Tune
Ref Offset 10,6 dB
10 dBrdiv. Ref 40.00 dBm
fLog
CenterFreq
00 2.440000000 GHz
il
StartFreq
100 2.390000000 GHz
o Stop Freq
2.490000000 GHz
-10.0 T2 aE|
0 CF Step
10.000000 MHz
Auto Man
-30.0 =
400 Freq Offset
0 Hz
A0
Start 2.39000 GHz Stop 2.49000 GHz
Res BW 1.0 MHz #VBW 3.0 MHz Sweep 1.000 ms (1001 pts)
MSG

100MHz SPAN
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

Agilent Spectrum Analyzer - AP2022.8.16,16080,Conducted A

L RF Soq Do SEMNSE!INT

ALIGH AUTO

01:45:44 PM Sep 23, 2023

IFGain:Low Atten: 40 dB

[Center Freq 2.415000000 GHz #Avg Type: RMS

PNO: Wide 0 Trig: Free Run Avg|Hold>100/100

TRACE 2456

Frequency

DET|P I MM R

Ref Offset 10.6 dB
10 dBidiv.~ Ref 40.00 dBm
JLog

Auto Tune

300

200

100

0.00

-10.0

CenterFreq
2.415000000 GHz

StartFreq
2.400000000 GHz

StopFreq
2.430000000 GHz

=200

-30.0

CF Step
3.000000 MHz
Auto Man

-40.0

Freq Offset
0Hz

-a0.0

Start 2.40000 GHz
Res BW 300 kHz #VBW 910 kHz

Stop 2.43000 GHz

Sweep 1.000 ms (1001 pts)

MSG

STATUS

30MHz SPAN, SEGMENT 1 OF 3
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

Agilent Spectrum Analyzer - AP2022.8.16,16080,Conducted A

L RF Soq Do SEMNSE!INT

ALIGH AUTO

01:50:13PM Sep 23, 2023

IFGain:Low Atten: 40 dB

[Center Freq 2.445000000 GHz #Avg Type: RMS

PNO: Wide 0 Trig: Free Run Avg|Hold>100/100

TRACE 2456

Frequency

DET|P I MM R

Ref Offset 10.6 dB
10 dBidiv.~ Ref 40.00 dBm
JLog

Auto Tune

300

200

100

0.00

-10.0

CenterFreq
2.445000000 GHz

StartFreq
2.430000000 GHz

StopFreq
2.460000000 GHz

=200

-30.0

CF Step
3.000000 MHz
Auto Man

-40.0

Freq Offset
0Hz

-a0.0

Start 2.43000 GHz
Res BW 300 kHz #VBW 910 kHz

Stop 2.46000 GHz

Sweep 1.000 ms (1001 pts)

MSG

STATUS

30MHz SPAN, SEGMENT 2 OF 3

Page 31 of 79

UL VERIFICATION SERVICES

47173 Benicia Street, Fremont, CA 94538; USA TEL:(510) 319-4000

FAX:(510) 661-0888

This report shall not be reproduced except in full, without the written approval of UL VERIFICATION SERVICES




REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

Agilent Spectrum Analyzer - AP2022.8.16,16080,Conducted A

L RF Soq Do SEMNSE!INT

ALIGH AUTO

01:51:52PM Sep 23, 2023

IFGain:Low Atten: 40 dB

[Center Freq 2.475000000 GHz #Avg Type: RMS

PNO: Wide 0 Trig: Free Run Avg|Hold>100/100

TRACE 2456

Frequency

DET|P I MM R

Ref Offset 10.6 dB
10 dBidiv.~ Ref 40.00 dBm
JLog

Auto Tune

300

200

100

0.00

-10.0

CenterFreq
2.475000000 GHz

StartFreq
2.460000000 GHz

StopFreq
2.490000000 GHz

=200

-30.0

CF Step
3.000000 MHz
Auto Man

-40.0

Freq Offset
0Hz

-a0.0

Start 2.46000 GHz
Res BW 300 kHz #VBW 910 kHz

Stop 2.49000 GHz

Sweep 1.000 ms (1001 pts)

MSG

STATUS

30MHz SPAN, SEGMENT 1 OF 30OF 3
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

9.5. AVERAGE TIME OF OCCUPANCY

LIMITS

FCC §15.247 (a) (1) (iii)
RSS-247 (5.1) (d)

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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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

9.5.1. BLUETOOTH BASIC DATA RATE GFSK MODULATION

Number of .
AL Pulses in Average Time Limit Margin
DH Packet | Width of Occupancy g
3.16 (sec) (sec)
(msec) (sec)
seconds
GFSK Normal Mode
DH1 0.377 29 0.1093 0.4 -0.2907
DH3 1.630 14 0.2282 0.4 -0.1718
DH5 2.872 11 0.3159 0.4 -0.0841
Pulse I\lPuurIr::aesriﬁf AL Limit Margin
DH Packet | Width of Occupancy 9
0.8 (sec) (sec)
(sec) (sec)
seconds
GFSK AFH Mode
DH1 0.377 7.25 0.02733 0.4 -0.3727
DH3 1.630 3.50 0.05705 0.4 -0.3430
DH5 2.872 2.75 0.07898 0.4 -0.3210
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

Frequency #hug Type nwﬁ’_ Frequency
™
FGalnlow  RAmen: 50 dB oel®
AMKr1 377.0 ps| Auto Tune AMKr1 1,630 ms Auto Tune
[0 geia Ref 30.00 dBm 0.35 dB 10ceil Ref 30.00 dBm 0.45d
og
CenterFreq Center Freq
2.441000000 GHz 20 2.441000000 GHz.
)
StartFreq StartFreq
- 2.441000000 GHz - 2.441000000 GHz.
0 ¢ N | 4 L
e StopFreq e StopFreq
2.441000000 GHz 2.441000000 GHz.
0 .
T CF Step. 00 CF Step|
1.000000 MHz 1.000000 MHz
{Aute Man {Auto Man
10 v 0.0 A
; Freq Offset . Freq Offset
0Hz : 0Hz
00 50
Center 2.441000000 GHz Span 0 Hz [Center 2441000000 GHz Span 0 Hz
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 1.000 ms (1001 pts) [Res BW 1.0 MHz #VBW 1.0 MHz Sweep 2.000 ms (1001 pts)
- Sratus - Sratus

PULSE WIDTH - DH1

PULSE WIDTH — DH3

oI ] e
z Trig Delay4000 s #Avg Type: RMS Frequency GHz ] Frequency
o Wide == Trig: Video PO Wile == Trig: Free
Weainlow  #Atten: 80 4B FGaimlow  #hmen: 50 dB
Auto Tune Auto Tune
AMkr1 2.872 ms| Ref Offset 10.6 dB
10 deiciv__Ref 30.00 dBm -0.03 dB| 10ge/dy_ Ref 40.00 dBm
of o8
Center Freq Center Freq
10 T T 2441000000 GHz 2 2.441000000 GHz.
) ! )
A StartFreq StartFreq
Lo ) ¢ ! 2441000000 GHz , 2.441000000 GHz.
e Stop Freq " | | " [ | Stop Freq
2.441000000 GHz ’ } | J } ‘ ‘ ‘ | ‘ U “ L n } ‘H | 2.441000000 GHz|
00 0o | I A | 1 L1
e : : +ootep SET.31 L A ) 0 L LB 1w R AL LJ bbb s atbaabl cddon Mt oo Step
lauto Man |auto Man,
00— — <00
i, FreqOffset " Freq Offset
- OHz 0Hz
o 500
[Center 2,441000000 GHz Span 0 Hz [Center 2441000000 GHz Span 0 Hz
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 4.000 ms (1001 pts) [Res BW 1.0 MHz #VBW 1.0 MHz Sweep 3.160 s (1001 pts)
e s - Sratus

PULSE WIDTH — DH5

NUMBER OF PULSES IN 3.16 SECOND
OBSERVATION PERIOD - DH1

T 3 T SENSE SRLAID 1O D6ANSApTS, 202
vy Typ Frequency enter Freq 2.441000000 GHz v Type: RS afi-aiss| Frequancy
0: Viide PNO: Wide —»— 1rig: Free Run T
1 Gain:Low IFGainlow  #Amen:50 dB oer
Auto Tune Auto Tune|
Ref Off3et 106 0B Ref Offset 106 4B
WLIgngfui\- Ref 40.00 dBm ‘?:;_lﬁiuv Ref 40.00 dBm
Center Freq Center Freq|
01 2.441000000 GHz. 2.441000000 GHz|
StartFreq StartFreq)
. 2.441000000 GHz. 2441000000 GHz
| I I &
o | | | . Stop Freq StopFreq|
| | 2441000000 GHz 2.441000000 GHz
100 i H } IR | | ! |-
| |
00 bbb L R8RS ARAA [ XSSP W IS |5 PO N :,-JL LB L R R s N S TS 1‘0030503,:%': NNNPEY S SNt S AR TR 1 * 1.nuu$o:mpz
uto Man, Man
200
o Freq Offset Freq Offset|
0Hz 0Hz
i
Center 2.441000000 GHz Span 0 Hz Center 2.441000000 GHz Span 0 Hz
Res BW 1.0 MHz #VEW 1.0 MHz Sweep 3.160 s (1001 pts) Res BW 1.0 MHz #VBW 1.0 MHz Sweep 3.160 s (1001 pts)
- pm—— wsa s

NUMBER OF PULSES IN 3.16 SECOND
OBSERVATION PERIOD — DH3

NUMBER OF PULSES IN 3.16 SECOND
OBSERVATION PERIOD — DH5

Page 35 of 79

UL VERIFICATION SERVICES
47173 Benicia Street, Fremont, CA 94538; USA

TEL:(510) 319-4000 FAX:(510) 661-0888

This report shall not be reproduced except in full, without the written approval of UL VERIFICATION SERVICES




REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

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 Mode
3DH1 0.382 32 0.12224 0.4 -0.2778
3DH3 1.632 14 0.22848 0.4 -0.1715
3DH5 2.876 11 0.31636 0.4 -0.0836

Note: for AFH(8PSK) mode, please refer to the results of AFH(GFSK) mode; the channel
selection and hopping rate are the same for both EDR and Basic Rate operation, data for Basic
Rate demonstrates compliance with channel occupancy when AFH is employed.
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

Agilert Spectriam Analyzer - M
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

9.6. OUTPUT POWER

LIMITS

§15.247 (b) (1)
RSS-247 (5.4) (b)

The maximum antenna gain is less than 6 dBi, therefore the limit is 30 dBm. 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 mW.

For frequency hopping systems operating in the 2400-2483.5 MHz band employing at least 75
non-overlapping hopping channels, and all frequency hopping systems in the 5725-5850 MHz
band: 1 watt. For all other frequency hopping systems in the 2400-2483.5 MHz band: 0.125
watts

TEST PROCEDURE

The transmitter output is connected to a power meter.

The power output was measured on the EUT antenna port using SMA cable with 10dB
attenuator connected to a power meter via wideband power sensor. Peak output power was
read directly from the power meter.

RESULTS
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DATE: 2023-11-09
IC: 10161A-HKB1

REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

9.6.1. BLUETOOTH BASIC DATA RATE GFSK MODULATION

Tested By: [16080 ZS
Date: 2023-09-29
Channel Frequency Output Power Limit Margin
(MHz) (dBm) (dBm) (dB)
Low 2402 4.14 21 -16.86
Middle 2441 6.35 21 -14.65
High 2480 4.66 21 -16.34

9.6.2. BLUETOOTH BASIC DATA RATE DQPSK MODULATION

Tested By: |16080 ZS
Date: 2023-09-29
Channel Frequency Output Power Limit Margin
(MHz) (dBm) (dBm) (dB)
Low 2402 5.22 21 -15.78
Middle 2441 7.35 21 -13.65
High 2480 5.91 21 -15.09

9.6.3. BLUETOOTH ENHANCED DATA RATE 8PSK MODULATION

Tested By: 116080 ZS
Date: 2023-09-29
Channel Frequency Output Power Limit Margin
(MHz) (dBm) (dBm) (dB)
Low 2402 5.47 21 -15.53
Middle 2441 7.84 21 -13.16
High 2480 5.98 21 -15.02
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

9.7. AVERAGE POWER

LIMITS

None; for reporting purposes only

TEST PROCEDURE

Measurements perform using a wideband gated RF power meter.

The power output was measured on the EUT antenna port using SMA cable with 10dB
attenuator connected to a power meter via wideband power sensor. Gated average output
power was read directly from the power meter.

RESULTS
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

9.7.1. BLUETOOTH BASIC DATA RATE GFSK MODULATION

Tested By: [16080 ZS
Date 2023-09-29
Channel Frequency Average Power
(MHz) (dBm)
Low 2402 3.73
Middle 2441 6.01
High 2480 4.28

Tested By: |16080 ZS
Date 2023-09-29
Channel Frequency Average Power
(MHz) (dBm)
Low 2402 2.61
Middle 2441 4.89
High 2480 3.17

Tested By: [16080 ZS
Date 2023-09-29
Channel Frequency Average Power
(MHz) (dBm)
Low 2402 2.63
Middle 2441 491
High 2480 3.18

9.7.2. BLUETOOTH BASIC DATA RATE DQPSK MODULATION

9.7.3. BLUETOOTH ENHANCED DATA RATE 8PSK MODULATION
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

9.8. CONDUCTED SPURIOUS EMISSIONS

LIMITS

FCC §15.247 (d)
RSS-247 5.5
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 bandedges at 2.4 and 2.4835 GHz are investigated with the transmitter set to the normal
hopping mode.

RESULTS
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REPORT NO: 14954500-E1V1

FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

9.8.1. BLUETOOTH BASIC DATA RATE GFSK MODULATION

Antenna 1 SPURIOUS EMISSIONS, NON-HOPPING
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

Antenna 1 SPURIOUS BANDEDGE EMISSIONS WITH HOPPING ON
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
IC: 10161A-HKB1

FCC ID: C90-HKB1

9.8.2. BLUETOOTH ENHANCED DATA RATE 8PSK MODULATION

Antenna 1 SPURIOUS EMISSIONS, NON-HOPPING
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og og
Center Freq| 1 1 1 1 1 CenterFreq|
‘ 2.400000000 GHz| -; T T T T T T 13015000000 GHz|
StartFreq) T T T StartFreq|
2.332600000 GHz| - T T T T T 30.000000 MHz|
o . ¢
4 & |
I8 v : r
% 0 Stop Freq| . Stop Freq|
2.407600000 GHz| 26 000000000 GHz|
Center 2.400000 GHz Span 15.00 MHz| CF Step) Start 30 MHz Stop 26.00 GHz CF Step,
[#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts| 1500000 [#Res BW 100 kHz #VBIW 300 kHz Sweep 957.3 ms (40001 pts) | 2507000000 G|
|A
T T N 17 S 512 Y ST 2 Men In_--_——-_—— = fute Men
N T 2.402 130 GHz 0896 dBm 1 N 1 24020 GHz 0.472 dBm
2 N f 2400000 GHz £2597 dBm zZ N f 45804 0 GHz ~38.682 dBm
3 N f 2.389 325 GHz 49511 dBm Freq Offset| 3 N 1 7206 0 GHz -42.3%0 dBm Freq Offset
4 0 Hz| — f 26630 8 GHz 31996 dBm 0 Hzl
5 5
] 3
7 T
8 3
9 9
10 10
1 ~ 1" -
< > ¢ >
sc s s mna
¢ o 3 S requency v " P e o p—
HAvg T #hvg Type: RMS A =
Conter Ere 24y 00D G":g, Wide _...‘ Trig: Free Run AugiHold: 1001100 enter Freq 13,093000000 ;G,‘Hzm +| Trig: Free Run Avg|Hold: 10/10 ol T
IFGaimLows en: 30 dB IF Gainel ow #Amen: 40 dB oer|P
Ref Offeet 106 08 Mkrl 2.441 135 GHz|| ~ AutoTune et Ofteet 106 08 Mkr4 25.518 8 GHZ AutoTune
10 ¢8/dy__Ref 30.00 dBm 3.051 dBm 10 dicis__Ref 30.00 dBm -32.348 dBm
og og
Center Freq T T T T T T CenterFreq|
2.441000000 GHz G T 1 T T T T 13015000000 GHz|
. StartFreq StartFreq
- 2.433500000 GHz 30000000 MHz|
- ’
¥ v
e StopFreq [ Stop Freq
L 2.448500000 GHz 26.000000000 GHz|
0 I
; CF Step Start 30 MHz Stop 26.00 GHz CF Step
1.500000 MHz #Res BW 100 kHz #VBW 300 kHz Sweep 957.3 ms (40001 pts) | 2557000000 GHz
y . [pute Man I S R S S S T S R T - [ Van)
1 N 1 24410 GHz 1.381 dBm
2 N f 48820 GHz -38.726 dBm
- Freq Offset 3 M f 73230 GHz 38.937 dBm Freq Offset|
OHz N f 255188 GHz 32343 dBm OHz
5
w00 H
B
9
Center 2.441000 GHz Span 15.00 MHz 1 1
[#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts), € »
Srare = smns

IN-BAND REFERENCE LEVEL OUT-OF-BAND MID CHANNEL

Agilent Spectrum Analyzer - A cted Agllont Spectrum Analyzer -
- e - e FETENT Frequency = — 500 ais Frequency
#Avg Type: RMS . #Avg Type: RMS
enter Freq 2.483500000 G,,’:g.,,,. == Trig:Free Run AvglHeld: 100/100 T S PO %:zm -»—l Trig: Free Run Avg[Hold: 10/10
IFGain:Lew #Atten: 30 dB = IFGaincLow #Atten: 40 dB =
et OTeet 106 4B MKr1 2.480 140 GHzZ Auto Tung et Ofest 106 4B MKrd 25.728 6 GHZ Auto Tune
(oo Ref 30.00 dBm 1.405 dBm (3 gauci_ Ref 30.00 dBm -32.754 dBm
Center Freq CenterFreq
4 2.483600000 GHz] 3 13015000000 GHz
| 4
StartFreq| StartFreq|
2476000000 GHz W 30.000000 MHz|
X o I
Y : . Stop Freg| . StopFreq
| 2.481000000 GHz| 26 000000000 GHz|
Center 2.483500 GHz Span 15.00 MHz CF Step Start 30 MHz Stop 26.00 GHz CF Step
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts) 1500000 Mz HRes BW 100 kHz #VBW 300 kHz Sweep 957.3 ms (40001 pts) [ 2587000000 Gz,
[Aut:
I T T N Y 17 S 512 T S TN 2 Men In_--_—-—_—— ] - Men
N i 2,480 140 GHz 1406 dBm 1N 1 24800 GHz 1613 dBm
2 N f 2488240 GHz 43,035 dBm zZ N f 4960 0 GHz -41.030 dBm
inN f 2483500GHz  51.468 dBm FreqOffset] 3N 1 T4400GHz 43409 dBm FreqOffset
4 0 Hz| — f 26.728 6 GHz 32764 dBm 0 Hzl
5 5
5 5
7 T
8 8
9 9
1 1
iU N 11 .
< > < >
= aramus, wsa smans,

HIGH CHANNEL BANDEDGE OUT-OF-BAND HIGH CHANNEL
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

Antenna 1 SPURIOUS BANDEDGE EMISSIONS WITH HOPPING ON

T 3 W SENGEN AN 0z00: U 3 v SN AR AT
#Avg Type: RMS Frequency #Rvg Type: RMS Frequency
ontar Freq 2400000000 GHz ] T enfer Froq 2403500000 GH: ] s,
[FGainlow  #Atten:30 dB [FGainluow  FAmen:30 dB.
= Auto Tune Auto Tune|
Mkr1 2.406 180 GHz| MKr1 2.479 060 GHz
Ref Offset 10.6 dB - Ref Offset 106 dB
10 g5idy__Ref 30.00 dBm 3.964 dBm 19 giciy__Ref 30.00 dBm 2.718 dBm
CenterFreq| Center Freq|
) 2.400000000 GHz ) 2.483500000 GHz|
StartFreq| StartFreq|
2:392500000 GHz 2476000000 GHz
[4) | I &y I StopFreq [0} { - StopFreg|
2.407500000 GHz 2.491000000 GHz
Center 2.400000 GHz Span 15.00 MHz CF Step Center 2483500 GHz Span 15.00 MHz CF Stey
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts) 1.500000 MHz| #Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts) 1.500000 MHz|
[ T TS e e Men [0 T S N 111 ST S - | Men
N 1 2406 180 GHz 3964 dBm N T 2479 060 GHz 2718 dBm
zZ N 1 2400000 GHz 51078 dBm 2 N f 2485705GHz 48123 dBm
3N t 2396625GHz  48.733 dBm FreqOffset 3N f 2483500 GHz 49,672 dBm FreqOffset
4 0Hz 4 0Hz|
5 5
& §
7 7
@ 8
9 9
10 10
1 11 ¥
< > ¢ »
usc sTamus s STars
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REPORT NO: 14954500-E1V1

FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

10. RADIATED TEST RESULTS

LIMITS

FCC 815.205 and §15.209

RSS-GEN, Section 8.9 and 8.10.

Frequency Range Field Strength Limit Field Strength Limit
(MH2) (uV/m)at 3 m (dBuV/m) at 3 m
0.009-0.490 2400/F(kHz) @ 300 m -
0.490-1.705 24000/F(kHz) @ 30 m -
1.705 - 30 30 @ 30m -
30 - 88 100 40
88 - 216 150 43.5
216 - 960 200 46
Above 960 500 54

TEST PROCEDURE

The EUT is placed on a non-conducting table 80 cm above the ground plane for measurement
below 1GHz; 1.5 m above the ground plane for measurement above 1GHz. The antenna to EUT
distance is 3 meters. The EUT is configured in accordance with ANSI C63.10. The EUT is set to
transmit in a continuous mode.

For measurements below 1 GHz the resolution bandwidth is set to 100 kHz for peak detection
measurements or 120 kHz for quasi-peak detection measurements in the 30-1000MHz range,
9kHz for peak and/or quasi-peak detection measurements in the 0.15-30MHz range and 200Hz
for peak and/or quasi-peak detection measurements in the 9 to 150kHz range. Peak detection is
used unless otherwise noted as quasi-peak or average (9-90kHz and 110-490kHz).

For pre-scans above 1 GHz the resolution bandwidth is set to 1 MHz; the video bandwidth is set
to 30 kHz for peak measurements.

For final measurements above 1 GHz the resolution bandwidth is set to 1 MHz; the video
bandwidth is set to 3 MHz for peak measurements and 1 MHz resolution bandwidth with 1/T
video bandwidth with peak detector for average measurements.

The spectrum from 1 GHz to 18 GHz is investigated with the transmitter set to the lowest,
middle, and highest channels in each applicable band. Below 1GHz and above 18GHz
emissions, the channel with the highest output power was tested.

The frequency range of interest is monitored at a fixed antenna height and EUT azimuth. The

EUT is rotated through 360 degrees to maximize emissions received. The antenna is scanned

from 1 to 4 meters above the ground plane to further maximize the emission. Measurements are
made with the antenna polarized in both the vertical and the horizontal positions.
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

For below 30MHz testing, investigation was done on three antenna orientations (parallel,
perpendicular, and ground-parallel), parallel and perpendicular are the worst orientations,
therefore testing was performed on these two orientations only.

Based on FCC 15.31 (f) (2): measurements may be performed at a distance closer than that

specified in the regulations; however, an attempt should be made to avoid making
measurements in the near field.

KDB 414788 Open Field Site (OFS) and Chamber Correlation Justification

OFS and chamber correlation testing had been performed and chamber measured test result is
the worst-case test result.

KDB 558074 D01 15.247 Meas Guidance v05r02

Use of a duty cycle correction factor (DCCF) is permitted for calculating average radiated field
strength emission levels for an FHSS device in 15.247. This DCCF can be applied when the
field strength limit (e.g., within a Government Restricted band) and the conditions specified in
Section 15.35(c) can be satisfied. The average radiated field strength is calculated by
subtracting the DCCF from the maximum radiated field strength level as determined through
measurement. The maximum radiated field strength level represents the worst-case (maximum
amplitude) RMS measurement of the emission(s) during continuous transmission (i.e., not
including any time intervals during which the transmitter is off or is transmitting at a reduced
power level). It is also acceptable to apply the DCCF to a measurement performed with a
peak detector instead of the specified RMS power averaging detector. Note that Section
15.35(c) specifies that the DCCF shall represent the worst-case (greatest duty cycle) over any
100 msec transmission period.

NOTE: The limits in FCC 47 CFR, Part 15, Subpart C, paragraph 15.209(a), are identical to
those in RSS-Gen section 8.9, Table 6, since the measurements are performed in terms of
magnetic field strength and converted to electric field strength levels (as reported in the table),
using the free space impedance of 377 Ohms. For example, the measurement at frequency X
kHz resulted in a level of Y dBuV/m, which is equivalent to Y — 51.5 = Z dBuA/m, which has the
same margin, W dB, to the corresponding RSS-Gen Table 6 limit as it has to 15.209(a) limit.
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

10.1. TRANSMITTER ABOVE 1 GHz

10.1.1. BLUETOOTH BASIC DATA RATE GFSK MODULATION

BANDEDGE (LOW CHANNEL)

HORIZONTAL RESULT

|25 Chamber B4-RDE-K 2823 Oct 3 13:58:18
25
Restricted Bondedge
. Number: 149545H8
1150 SRAM LLC
C EUT + Support Equipment
Mode: BT_GFSK_2482
1850 i Tested by: 28756 CW i
i Al
i
95— -
; i
F  BS | \
@ |
:
=
@
Z

45 3
) B =N
35
2319 0 SHAzZ/ ' 2415
Frequency (MHz)
Renge (MHz) REM/VEU Ref/fttn  Det  fvg Mode Sueep Pts HoupsMode  Positi Renge (MHz] REN/LVBU Ref/ftin  Det fvg Mode Sueep Pts 15ups/Mode  Pesition
-2318-2415 THC-3B) /K 121738 FEK - Omsec(futo) 9801 M 174 degs 166 cu H 2 M L dE/ 16 27/ PERK F ] T 74 degs
Low CH BE — H.TST 38915 11 Moy 2816 Rev 9.5 @1 Moy 2823
Trace Markers
Marker Frequency Meter Det 223083 ACF 3m Cbl/Amp (dB) Corrected Average Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(MHz) Reading (dB/m) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
1 * 2390 56.46 Pk 31.8 -34.5 53.76 - - 74 -20.24 174 166 H
2 *2387.959 58.68 Pk 31.8 -34.5 55.98 - - 74 -18.02 174 166 H
3 * 2390 44.61 VALT 318 -345 41.91 54 -12.09 - - 174 166 H
4 *2389.989 44,61 VALT 318 -34.5 4191 54 -12.09 - - 174 166 H
* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector
VALT - FHSS: Linear Voltage Average VB=1/Ton where: Ton is transmitting duration
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

VERTICAL RESULT

I,.\I__chl_:mu\_‘r B4-RDE-K 2823 Oct 3 14:a1:1
25
Restricted Bondedge
Praject Number: 14954588
115 Client: SRAM LLC
Config: EUT + Support Equipment
H Mode: BT_GFSK_2482
185 ; g : Tested by: 28756 CW
g5}
g gg-
@
2 750 T H it SO S ST SN SISO WUSSIIII S S S B SR
3
E
reroge Limit CBullim) : [ :
55 e TR T T T T g T i yrpeT : %I-" R T TEITRIT ARV E
as
E
(=)
35
2318 18 . SMHz/ 2415
Frequency (MHz)
[Renge (#tiz) REWAEU Ref/ftln  Det fvg Hode Sucep Fts  fupatod= Fosition [Range (Mtiz] REW/LEU Ref/ftin  Del fvg Mode Sueep Fis  owps/fodke  Fosition
Low CH BE - U TST 36815 11 Mey 2816 Rev 9.5 @1 May 2823

Trace Markers

Marker Frequency Meter Det 223083 ACF 3m Cbl/Amp (dB) Corrected Average Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(MHz) Reading (dB/m) Reading (dBuV/im) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuVv/m)
1 * 2390 57.01 Pk 31.8 -34.5 54.31 - - 74 -19.69 321 181 \4
2 * 2389.394 58.58 Pk 31.8 -34.5 55.88 - - 74 -18.12 321 181 \4
3 * 2390 43.87 VALT 31.8 -34.5 41.17 54 -12.83 - - 321 181 \4
4 *2389.919 43.89 VALT 31.8 -34.5 41.19 54 -12.81 - - 321 181 \%

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector
VALT - FHSS: Linear Voltage Average VB=1/Ton where: Ton is transmitting duration
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REPORT NO: 14954500-E1V1

FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

BANDEDGE (HIGH CHANNEL)

HORIZONTAL RESULT

| o5Chamber B4-RDE-K 2823 Oct 3 14:14:51
25
Restricted Bandedge
Praject Number: 14954588
L Client: SRAM LLC
Config: EUT + Support Equipment
Mods: BT GFSK 2438
185} /N I S — Tested by: 28756 CW
it
J
95/ !
|
I
g g5 |
= JI
2 75 |
< f
g |
I B5 ‘
f >
e s ,l O ige Limit E [ "
| " i Loy " = bl ne
el a L Lb L Lt wﬁvr "‘JMIL 1 ' o Lol y TR N i 4 " pram e
45 L34
ol rj s - -
35
2460H T8, 3MH=z/ 2563
Frequency (MHz)
Renge CMHz) REW/VEU Ref/fitn  Det  fvg Hode Pts #5ups/Mode  Fosition : Renge (MHz) REW/VEU Ref/éttn  Det dvg Hode Sussp Pts #5ups/Mocde  Position
P4B8-2563 NC3BI/M 128 PR - futo) ST MAKH 179 degs 114 ce K f ME-XEINE 1ZTOE P 128/ 1 T
High CH BE - H.TST 38915 11 May 20816 Rev 9.5 B1 May 2823
Marker Frequency Meter Det 223083 ACF 3m Cbl/Amp (dB) Corrected Average Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(MHz) Reading (dB/m) Reading (dBuVv/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
1 24835 57.18 Pk 32.2 34.1 55.28 74 -18.72 179 114 H
2 *2484.627 59.17 PK 322 341 57.27 - - 74 -16.73 179 114 H
3 ¥ 24835 4527 VALT 32.2 341 4337 54 -10.63 B - 179 114 H
4 *2486.024 4557 VALT 32.2 34.1 4367 54 -10.33 179 114 H

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band

Pk - Peak detector

VAILT - FHSS: Linear Voltage Average VB=1/Ton where: Ton is transmitting duration
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

VERTICAL RESULT

| 55 Chamber B4-RDE-K 2823 Oct 3 14:26:50
25
Restricted Bondedge
Praject Number: 14054568
115 Client: SRAM LLC
Config: EUT + Support Equipment
Mod=: BT_GFSK_2488
L Tested by: 28756 CW
95
g gg-
@
2 ] OSSNSO SORNUPRURSSOSIRY SN0 . SUUS SO00outosNoost 0ot SOy 00O OSSO OO OO OUOS OO O UUUUOE HUSUOO OO OSSOSO USROS SOOI
3
E
| b CdBuU 2
\ |  Aver imi dEi c
550w bk dagis () <
45 SR
o 0
35
2460 18, 3MH=z/ 2563
Frequency (MHz)
[Rerge (Hiz) REA/GU Ref/Riln  Det fivg Hode Sueep Fts  fupatod= Fosition [Renge (#Hz] REWLBU Ref/Btin  Det fg Mede Sueep 15ups/Mode  Position
High CH BE - U.TST 38915 11 May 2016 Rev 9.5 Bl May 2823
Trace Markers
Marker Frequency Meter Det 223083 ACF 3m Cbl/Amp (dB) Corrected Average Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(MHz) Reading (dB/m) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuVv) (dBuV/m)
1 24835 55.92 Pk 322 341 54.02 74 719.98 316 170 v
2 2530.861 58.2 Pk 32.2 34 56.4 - - 74 -17.6 316 170 \%
3 *2483.5 44.06 VALT 32.2 -34.1 42.16 54 -11.84 - 316 170 \%
4 *2485.863 4415 VALT 322 -34.1 42.25 54 -11.75 316 170 \%

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band

Pk - Peak detector

VALT - FHSS: Linear Voltage Average VB=1/Ton where: Ton is transmitting duration
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL RESULTS

N 5Chnmbe~ B4-RDE-K 2823 Oct 3 19:33:15
Radioted Emissions 3-Meters
Project Number: 14954500
185 Client: SRAM LLC
Config: EUT + Support Equipment
Mode: BT_GFSK_2482
95} Tested by: 23522 51
85 .......
‘LE Fe ni dBull/m)
5 75
=
=L S e - il ridiidB B L it ik L
<
Dj ] L t (cBul/m)
Hvg rmi [= / ]
@ g
o 55
S S e R S
1888 16688 18BEB
Frequency (MHz)
—] I Fof/kin Dot fva Fooe Suees Fio  Foupolade Ponition  [fange () PV Fof /At Dot fug flode Saoep Pln  foupoltbds  Pooition
1 | 46a- 350 IMC-3dB)/38k  127/38 FERK ATmaectAuto) 988 HaiH B-368degs H 34Ba- 18009 THC-3c8)/ 3B 9972 PERK 35me An) 15068 MAXH 8-368dega
FCC PartiSC 2 4GHz RSE.TST 38915 29 Dec 2815 Rev 9.5 @1 Moy 2823
. 5Chumbeﬁ B4-RDE-K 2823 Oct 3 19:33:15
Rodioted Emissions 3-Msters
Projsct Number: 14554588
185} Client: SRAM LLC
Config: EUT + Support Equipment
Mode: BT_GFSK_2482
95} Tested by: 23522 51
85
a Pe i dBul/m3
5 75
=
"\E 65 .........
<
Dj A Limit (cBul/m)
2 vg 0 G /m)
o 55
a
T SO s
5
i =1
35} WY L s oo bl s S ———
B T S S T S
1888 16688 18BEB
Frequency (MHz)
—] e Fof/tin Dot fvg Fooe = Fio  Foupolade Ponibion  [ange () PV Rof /At Dot fug fhode Saoep Pla  foupoltbds  Pooition
FCC Part1SC 2 46Hz RSE.TST 38915 29 Dec 2815 Rev 3.5 81 Moy 2823

VERTICAL
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

RADIATED EMISSIONS

Marker Frequency Meter Det 223083 ACF Cbl/Amp (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(MHz) Reading 3m (dB/m) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuVv/m)
1 *4065.219 50.84 PKFH 35.2 -41.2 44.84 - - 74 -29.16 10 365 H
*4065.258 37.72 VALT 35.2 -41.2 31.72 54 -22.28 - - 10 365 H
2 6405.298 50.38 PKFH 35.4 -38.4 47.38 - - 74 -26.62 167 133 H
6405.248 43.02 VALT 35.4 -38.4 40.02 54 -13.98 - - 167 133 H
3 16942.887 44.44 PKFH 41.7 -31.7 54.44 - - 74 -19.56 359 302 H
16941.271 30.67 VALT 41.7 -31.6 40.77 54 -13.23 - - 359 302 H
4 *4070.908 50.53 PKFH 35.2 -41.2 44.53 B - 74 -29.47 321 341 \
* 4069.39 37.72 VALT 35.2 -41.3 31.62 54 -22.38 - - 321 341 \4
5 6405.48 49.53 PKFH 35.4 -38.4 46.53 - - 74 -27.47 24 116 \
6405.292 40.61 VALT 35.4 -38.4 37.61 54 -16.39 - - 24 116 \%
6 *17731.692 43.58 PKFH 40.6 -29.7 54.48 - - 74 -19.52 192 380 \
*17734.26 29.81 VALT 40.6 -29.7 40.71 54 -13.29 - 192 380 \

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
PKFH FHSS/BT RB=100k for Frequencies<1GHz / RB=1MHz for Frequencies>1GHz, VB=3 x RB, Peak
VALT - FHSS: Linear Voltage Average VB=1/Ton where: Ton is transmitting duration
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REPORT NO: 14954500-E1V1

DATE: 2023-11-09

) I5Chnmber- B4-RDE-K 2823 Oct 3 288625
Rodioted Emissions 3-Meters
as Project Number: 14954500
1 - Client: SRAM LLC
Config: EUT + Support Equipment
Mode: BT_GFSK_244
95}~ Tested by: 23522 51
85
E Fe imit CdBulU/m)
5 75
=
=L S A A——--r Ll iliii’iiétriiBvnin L Ar”dté E il L
<
3 Avg Limit (dBul/m)
3 55 -
i
451
2
! .
351 PR
S S e R S
1888 16688 18BEB
Frequency (MHz)
—] I Fof/kin Dot fva Fooe Suees Fio  Foupolade Ponition  [fange () PV Fof /At Dot fug flode Saoep Pln  foupoltbds  Pooition
1 | 46a- 3008 IMC-3dB)/38k  127/38 PERK A7naeclfuto) 980 WiH B-368degs H 3:3d00-18008 THC-3c8)/ 3B 9972 PERK I5naec(Auta) 18068 MAXH 8-368degs H
FCC PartiSC 2 4GHz RSE.TST 38915 29 Dec 2815 Rev 9.5 @1 Moy 2823
; ISChumber B4-RDE-K 2823 Oct 3 2886 25
Radiated Emissions 3-Meters
Project Number: 145954508
185} Client: SRAM LLC
Config: EUT + Support Equipment
Mode: BT_GFSK_244
95}~ Tested by: 23522 51
85
= Pe imit (dBul/md
5 75
®
"\E 65 .........
<
3 Avg Limit C(dBul/m)
3 55 -
o
AB et & =
@
A
35 . TR TUUP W i oo S S S
B T S S T S
1888 16688 18BEB
Frequency (MHz)
—] e Fof/tin Dot fvg Fooe = Fio  Foupolade Ponibion  [ange () PV Rof /At Dot fug fhode Saoep Pla  foupoltbds  Pooition
FCC Part1SC 2 46Hz RSE.TST 38915 29 Dec 2815 Rev 3.5 81 Moy 2823

VERTICAL
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

RADIATED EMISSIONS

Marker Frequency Meter Det 223083 ACF Cbl/Amp (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(MHz) Reading 3m (dB/m) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuVv/m)

1 *4074.974 50.98 PKFH 35.1 -41.3 44.78 - - 74 -29.22 213 287 H
*4075.024 37.45 VALT 35.1 -41.3 31.25 54 -22.75 - - 213 287 H

2 6509.274 50.6 PKFH 35.5 -38.2 47.9 - - 74 -26.1 160 125 H
6509.306 42.51 VALT 35.5 -38.2 39.81 54 -14.19 - - 160 125 H

3 16922.634 44.45 PKFH 41.7 -31.6 54.55 - - 74 -19.45 341 288 H
16921.139 30.8 VALT 41.7 -31.5 41 54 -13 - - 341 288 H

4 * 4063.556 50.92 PKFH 35.2 -41.2 44.92 B - 74 -29.08 3 169 \
* 4062.053 37.61 VALT 35.2 -41.3 31.51 54 -22.49 - - 3 169 \4

5 6509.572 50.5 PKFH 35.5 -38.2 47.8 - - 74 -26.2 356 111 \
6509.252 42.34 VALT 35.5 -38.2 39.64 54 -14.36 - - 356 111 \%

6 *17812.129 44.03 PKFH 40.5 -30.1 54.43 - - 74 -19.57 6 361 \
*17812.402 30.31 VALT 40.5 -30.1 40.71 54 -13.29 - 6 361 \

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
PKFH FHSS/BT RB=100k for Frequencies<1GHz / RB=1MHz for Frequencies>1GHz, VB=3 x RB, Peak
VALT - FHSS: Linear Voltage Average VB=1/Ton where: Ton is transmitting duration
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

HIGH CHANNEL RESULTS

:Chnmhar B4-RDE-K

2823 Oct 3

28:48:58

11

Rodiated Emissions 3-Meters

o5 Project Number: 143545808
“lClient: SRAM LLC
Config: EUT + Support Equipment
Mode: BT_GFSK_2488
95| Y| Tested by: 23522 SI
e -h I LA
[}5 1 m U/m)
5 75|
2
2 65~
<
>
S
D OO|em b

45~

35|
25+
16a8d 16BBE 186840
Frequency (MHz)
[Farge i) R/ Ref/fttn Det fvg fode Sueep Pis  Awps/ode Fosition [Range (HEz) R/ Ref/ftin Det fvg foie Pta  fups/fade Position
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Rodiated Emissions 3-Meters
o5 Project Number: 143545808
o “Client: SRAM LLC
Config: EUT + Support Equipment
Mode: BT_GFSK_2480
95~ Y| Tested by: 23522 51
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[Farge i) Fia/ G Ref/fttn Det fvg fode Sueep Pi=  Awps/ode Fosition [Range (HEz) R Ref/ftin Det fvg foie Sucep Pta  fups/fade Position
BT GFSK_2488 g8 DAT 38915 20 Dec 2HIS Rev 9.5 Bl Moy 2823

VERTICAL
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

RADIATED EMISSIONS

Marker Frequency Meter Det 223083 ACF Cbl/Amp (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(MHz) Reading 3m (dB/m) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuVv/m)

1 *4083.078 50.08 PKFH 35.1 -41.3 43.88 - - 74 -30.12 279 214 H
*4082.228 36.74 VALT 35.1 -41.3 30.54 54 -23.46 - - 279 214 H

2 6613.515 50.7 PKFH 35.5 -38.1 48.1 - - 74 -25.9 161 107 H
6613.284 42.1 VALT 35.5 -38.2 39.4 54 -14.6 - - 161 107 H

3 16927.788 44.73 PKFH 41.7 -31.6 54.83 - - 74 -19.17 48 217 H
16926.51 30.76 VALT 41.7 -31.6 40.86 54 -13.14 - - 48 217 H

4 *4050.974 51.26 PKFH 35.2 -41.3 45.16 B - 74 -28.84 345 377 \
* 4053.331 37.41 VALT 35.2 -41.3 31.31 54 -22.69 - - 345 377 \4

5 6612.99 50.64 PKFH 35.5 -38.2 47.94 - - 74 -26.06 5 110 \
6613.292 43.75 VALT 35.5 -38.2 41.05 54 -12.95 - - 5 110 \%

6 *17878.087 42.8 PKFH 40.6 -30.1 53.3 - - 74 -20.7 339 242 \
*17879.415 29.69 VALT 40.6 -30.1 40.19 54 -13.81 - - 339 242 \

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
PKFH FHSS/BT RB=100k for Frequencies<1GHz / RB=1MHz for Frequencies>1GHz, VB=3 x RB, Peak
VALT - FHSS: Linear Voltage Average VB=1/Ton where: Ton is transmitting duration
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REPORT NO: 14954500-E1V1

FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

10.1.2.

BLUETOOTH ENHANCED DATA RATE 8PSK
MODULATION

BANDEDGE (LOW CHANNEL)

HORIZONTAL RESULT

| o5Chamber B4-RDE-K 2023 Oct 3 15:04:16
25
Restricted Bandedge
Praject Number: 14954588
L Client: SRAM LLC
Config: EUT + Support Equipment
Mode: BT_8PSK_2482
185(- Tested by: 28756 CW )
I
L ] SN SO S el
o
g L O SO SRS SO { \1 ...........
[x]
— f |
|
2 75k fronl
= Il
2 !
K] £5 H I
a5
3
— o
35
2318 18 .5MH=z/ 2415
Frequency (MHz)
Renge (Hizl REA/UBU Ref/Rttn  Det fvg Hode Fts  fups/ode Fosition ‘Rm;a Mz) REW/UBU Ref/ttn  Det g Hode Suesp Pts  #5upsMode  Pesition
2318-2415 NC3BI/M 128 PR - fsto)  9BE1 MAKH 176 degs ZI7 c K I MC-3BIB 1ZTE P 1208/F l T egs
Low CH BE — H.TST 38915 11 Moy 2816 Rev 9.5 @1 May 2823
Marker Frequency Meter Det 223083 ACF 3m Cbl/Amp (dB) Corrected Average Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(MHz) Reading (dB/m) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
1 2390 56.42 Pk 318 345 53.72 - - 74 20.28 176 217 H
2 *2375.382 59.12 Pk 317 34.6 56.22 - - 74 17.78 176 217 H
3 2390 44,36 VALT 318 345 41.66 54 12.34 - B 176 217 H
4 *2389.966 4437 VALT 318 345 4167 54 12.33 176 217 H

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band

Pk - Peak detector

VALT - FHSS: Linear Voltage Average VB=1/Ton where: Ton is transmitting duration

Page 59 of 79

UL VERIFICATION SERVICES

47173 Benicia Street, Fremont, CA 94538; USA

TEL:(510) 319-4000

FAX:(510) 661-0888

This report shall not be reproduced except in full, without the written approval of UL VERIFICATION SERVICES




REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

VERTICAL RESULT

,a..—f’*'a‘”'uu' B4-RDE-K 2823 Oct 3 15:15: 16
25
Restricted Bondedge
Praject Number: 14954588
115 Client: SRAM LLC
Config: EUT + Support Equipment
: Mode: BT 8PSK 2482
185 ; g : Tested by: 28756 CW
g5}
g gg-
@
2 750 T H it SO S ST PSSO WSSOI S S S, S
3
E
ool Averoge Limit (dBulim) 2, ]
R i ey v e I & et e P AL
as
4
O
35
2318 18 . SMHz/ 2415
Frequency (MHz)
[Renge (#tiz) REWAEU Ref/ftln  Det fvg Hode Sucep Fts  fupatod= Fosition [Range (Mtiz] REW/LEU Ref/ftin  Del fvg Mode Sueep Fis  owps/fodke  Fosition
Low CH BE - U TST 36815 11 Mey 2816 Rev 9.5 @1 May 2823

Trace Markers

Marker Frequency Meter Det 223083 ACF 3m Cbl/Amp (dB) Corrected Average Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(MHz) Reading (dB/m) Reading (dBuv/m) (dB) (dBuVv/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
1 * 2390 55.81 Pk 31.8 -34.5 53.11 - - 74 -20.89 206 307 \4
2 * 2389.266 58.16 Pk 31.8 -34.5 55.46 - - 74 -18.54 206 307 \4
3 * 2390 43.94 VALT 31.8 -34.5 41.24 54 -12.76 - - 206 307 \
4 *2389.861 43.97 VALT 31.8 -34.5 41.27 54 -12.73 - - 206 307 \%

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
VALT - FHSS: Linear Voltage Average VB=1/Ton where: Ton is transmitting duration
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REPORT NO: 14954500-E1V1

FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

BANDEDGE (HIGH CHANNEL)

HORIZONTAL RESULT

125

Chamber B4-RDE-K

2823 Oct 3 14:37:22

Restricted Bandedge

Froject Number: 14954508

Cl
Co

Mode

fent
\I’I:\g

SRAM LLC
EUT + Support Equipment
BT_8PSK_2488
Tested by: 28756 CW

115
185
95

@ g5

S

? 75

3

R

MWWMM 1 & Limit CdBul/n ]
55 Loy aploiio o b Lokl i kb bt b b
45 3
o _ -
335
2466 T8 . 3MH=z/ 2563
Frequency (MHz)
[Renge Chiz) REW/UEU Ref/fttn  Det fvg Hode Fts  Fupsffode Fosition ffenge (Miz) B /LB Ref/étin  Det fvg Hode Susep Fts  #5upsfock  Fesition
-24B8-2563 THC-380/3H 121/38 PERK - Auto) 981 MAH 179 degs 121 co H 16 1" 481 /1 1 ¥ PERK 12ms /R 4 T degs
High CH BE - H.TST 38915 11 May 2816 Rev 9.5 @1 Moy 2623
Marker Frequency Meter Det 223083 ACF 3m CbI/Amp (dB) Corrected Average Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(MHz) Reading (dB/m) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuVv) (dBuV/m)
1 *2483.5 57.24 Pk 322 -34.1 55.34 74 -18.66 179 121 H
2 * 2484.994 58.91 Pk 32.2 -34.1 57.01 - - 74 -16.99 179 121 H
3 *2483.5 44.9 VALT 32.2 -34.1 43 54 -11 - - 179 121 H
4 *2483.506 44.88 VALT 322 -34.1 42.98 54 -11.02 179 121 H

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector

VAILT - FHSS: Linear Voltage Average VB=1/Ton where: Ton is transmitting duration
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

VERTICAL RESULT

I,.\I__chl_}mu\_‘r B4-RDE-K 2823 Oct 3 14:47:13
25
Restricted Bondedge
Praoject Number: 14554508
115 : B Clisnt: SRAM LLC
; Config: EUT + Support Eguipment
; Mode: BT _BPSK 2488

185 ; o : Tested by: 28756 CW

95
4 B85
@
2 75} . S SO OSSO SO SSs SOOI SO
3
E

|{ Avera Limit Bl /i i 2
L] TP TP R tL i " e — i o . Sl i i e
45 3
[s)
35
2460 18, 3MH=z/ 2563
Frequency (MHz)
[Renge (1tiz) REWAEU Ref/ftln  Det fvg Hode Sucep Fts  fupatod= Fosition [Range (Mtiz] REW/LEU Ref/ftin  Del fvg Mode Sueep Fis  owps/fodke  Fosition

High CH BE - U.TST 38915 11 May 2016 Rev 9.5 Bl May 2823

Trace Markers

Marker Frequency Meter Det 223083 ACF 3m Cbl/Amp (dB) Corrected Average Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(MHz) Reading (dB/m) Reading (dBuV/im) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuVv/m)
1 *2483.5 55.96 Pk 32.2 -34.1 54.06 - - 74 -19.94 318 158 \
2 2527.703 58.31 Pk 32.2 -34 56.51 - - 74 -17.49 318 158 \4
3 *2483.5 44.09 VALT 32.2 -34.1 42.19 54 -11.81 - - 318 158 \4
4 * 2483.655 44.12 VALT 32.2 -34.1 42.22 54 -11.78 - - 318 158 \%

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
VALT - FHSS: Linear Voltage Average VB=1/Ton where: Ton is transmitting duration
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL RESULTS

N 5Chnmbe~ B4-RDE-K 2823 Oct 3 18:24.53
Radioted Emissions 3-Meters
Project Number: 14954500
185 Client: SRAM LLC
Config: EUT + Support Equipment
Mode: BT_BPSK_2482
95} Tested by: 23522 51
85 .......
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—] I Fof/kin Dot fva Fooe Suees Fio  Foupolade Ponition  [fange () PV Fof /At Dot fug flode Saoep Pln  foupoltbds  Pooition
1 | 46a- 350 IMC-3dB)/38k  127/38 FERK ATmaectAuto) 988 HaiH B-368degs H 34Ba- 18009 THC-3c8)/ 3B 9972 PERK 35me An) 15068 MAXH 8-368dega
FCC PartiSC 2 4GHz RSE.TST 38915 29 Dec 2815 Rev 9.5 @1 Moy 2823
; ISCthbE"‘ B4-RDE-K 2823 Oct 3 18:24.:53
Rodioted Emissions 3-Msters
Projsct Number: 14554588
185} Client: SRAM LLC
Config: EUT + Support Equipment
Mode: BT_BPSK_2482
95} Tested by: 23522 51
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a Pe i dBul/m3
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=
"\E 65 .........
<
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2 vg 0 G /m)
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L SO P
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B T S S T S
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Frequency (MHz)
—] e Fof/tin Dot fvg Fooe = Fio  Foupolade Ponibion  [ange () PV Rof /At Dot fug fhode Saoep Pla  foupoltbds  Pooition
FCC Part1SC 2 46Hz RSE.TST 38915 29 Dec 2815 Rev 3.5 81 Moy 2823

VERTICAL
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

RADIATED EMISSIONS

Marker Frequency Meter Det 223083 ACF Cbl/Amp (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(MHz) Reading 3m (dB/m) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuVv/m)

1 *4099.939 50.8 PKFH 35 -41.2 44.6 - - 74 -29.4 8 255 H
*4099.203 37.29 VALT 35 -41.2 31.09 54 -22.91 - - 8 255 H

2 6405.45 50.55 PKFH 35.4 -38.4 47.55 - - 74 -26.45 207 115 H
6405.279 42.24 VALT 35.4 -38.4 39.24 54 -14.76 - - 207 115 H

3 * 15856.58 45.53 PKFH 40.2 -31.9 53.83 - - 74 -20.17 359 185 H
*15857.178 31.51 VALT 40.2 -31.9 39.81 54 -14.19 - - 359 185 H

4 *4060.543 51.25 PKFH 35.2 -41.4 45.05 B - 74 -28.95 14 293 \
* 4060.408 37.49 VALT 35.2 -41.3 31.39 54 -22.61 - - 14 293 \4

5 6404.94 50.32 PKFH 35.4 -38.4 47.32 - - 74 -26.68 191 103 \
6405.278 42.14 VALT 35.4 -38.4 39.14 54 -14.86 - - 191 103 \%

6 16573.404 43.54 PKFH 41.2 -31.6 53.14 - - 74 -20.86 312 131 \
16574.092 30.66 VALT 41.2 -31.6 40.26 54 -13.74 - 312 131 \

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
PKFH FHSS/BT RB=100k for Frequencies<1GHz / RB=1MHz for Frequencies>1GHz, VB=3 x RB, Peak
VALT - FHSS: Linear Voltage Average VB=1/Ton where: Ton is transmitting duration
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

MID CHANNEL RESULTS

) I5Chnmber‘ B4-RDE-K 2823 Oct 3 18:57.:59
Rodioted Emissions 3-Meters
Project Number: 14954500
185 Client: SRAM LLC
Config: EUT + Support Equipment
Mode: BT_BPSK_2441
95}~ Tested by: 23522 51
85
5 FPe imit CdBull/m2
5 75
»
I - o
=
3 A Limit (cBul/m)
3 .
4}
o 55
o
45
1 "
351 Uit et
A | e
1888 16688 18BEB
Freguency (MHz)
Rurge (Hz) FEN/UB Fof/Atin Dot fvg Pooe Sumoe Pio  Fopo/fads FPosibion  |Rangs (FHz) FELI/VE Roffitln Dot fug fode Suoop Fla  fups/tbds  Position
1 | 46a- 3008 IMC-3dB)/38k  127/38 PERK A7naeclfuto) 980 WiH B-368degs H 3:3d00-18008 THC-3c8)/ 3B 9972 PERK I5naec(Auta) 18068 MAXH 8-368degs H
FCC Port1SC 2.46Hz RSE.TST 38915 29 Dec 2815 Rev 9.5 @1 Moy 2823
HSChumber B4-RDE-K 2823 Oct 3 18:57:59
Radiated Emissions 3-Meters
Project Number: 145954508
185} Client: SRAM LLC
Config: EUT + Support Equipment
Mode: BT_BPSK_2441
95}~ Tested by: 23522 SI
85
S Pe imit (dBulU/m)
T 75
®
"\E 65 .........
-~
3 Avg Limit C(dBul/m)
4}
o 55
=]
O & L
D
2
35 0 S S Sy T T N T e ol i O S
B T S S T S
1888 16688 18BEB
Freguency (MHz)
Rurge (Hz] REN/UB Bof/ftin Dot fvg Pooe Sumoe Pio  Foapoflads FPosibion  |Rangs (FHz) HELI/VE Roffitln Dot fug fode ) Fla  fups/tbds  Position
FCC PortiSC 2.46Hz RSE.TST 38915 23 Dec 2815 Rev 9.5 B1 May 2823

VERTICAL
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

RADIATED EMISSIONS

Marker Frequency Meter Det 223083 ACF Cbl/Amp (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(MHz) Reading 3m (dB/m) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuVv/m)

1 *4120.756 50.06 PKFH 34.9 -41 43.96 - - 74 -30.04 355 320 H
*4120.69 37.03 VALT 34.9 -41 30.93 54 -23.07 - - 355 320 H

2 6508.757 49.41 PKFH 35.5 -38.2 46.71 - - 74 -27.29 173 124 H
6509.255 41.24 VALT 35.5 -38.2 38.54 54 -15.46 - - 173 124 H

3 *15812.104 44.61 PKFH 40.2 -31.9 5291 - - 74 -21.09 255 301 H
*15809.784 31.54 VALT 40.2 -31.9 39.84 54 -14.16 - - 255 301 H

4 *4109.757 50.9 PKFH 34.9 -41 44.8 B - 74 -29.2 308 320 \
*4109.218 37.27 VALT 34.9 -41.1 31.07 54 -22.93 - - 308 320 \4

5 6509.188 50.32 PKFH 35.5 -38.2 47.62 - - 74 -26.38 201 129 \
6509.264 41.57 VALT 35.5 -38.2 38.87 54 -15.13 - - 201 129 \%

6 *15891.447 45.64 PKFH 40.2 -32.1 53.74 - - 74 -20.26 167 264 \
*15889.684 31.46 VALT 40.2 -32.1 39.56 54 -14.44 - - 167 264 \

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
PKFH FHSS/BT RB=100k for Frequencies<1GHz / RB=1MHz for Frequencies>1GHz, VB=3 x RB, Peak
VALT - FHSS: Linear Voltage Average VB=1/Ton where: Ton is transmitting duration
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

HIGH CHANNEL RESULTS

) I5Chnmber- B4-RDE-K 2823 Oct 3 17:49:18
Rodioted Emissions 3-Meters
Project Number: 14954500
185 Client: SRAM LLC
Config: EUT + Support Equipment
Mode : BT_8PSK_248H
95}~ Tested by: 23522 51
85
5 FPe imit CdBull/m2
5 75
»
I S o
<
3 A Limit (cBul/m)
@ V9 -
o 55
- 3
45 g
2
I auuuim-muunuf*ﬂﬂ‘ﬂﬁﬂu
350 T
A | e
1868 18868 188688
Frequency (MHz)
Rurge (iz) [ Fel/Atin Dot Avg Mode Suscp Pto  Foepofads Fosikion  |Range (o) AU Ref/Atln Dot fug Mode Swocp Pla  foupo/tbde  Fosition
1 | 46a- 3008 IMC-3dB)/38k  127/38 PERK A7naeclfuto) 980 WiH B-368degs H 3:3d00-18008 THC-3c8)/ 3B 9972 PERK I5naec(Auta) 18068 MAXH 8-368degs H
FCC PortiSC 2.46Hz RSE.TST 38915 29 Dec 2815 Rev 9.5 @1 Moy 2823
; I5Chumber B4-RDE-K 2823 Oct 3 17:49:18
Radiated Emissions 3-Meters
Project Number: 145954508
185} Client: SRAM LLC
Config: EUT + Support Equipment
Mode : BT_8PSK_248H
95}~ Tested by: 23522 51
85
3 Pe imit (dBul/m)
T 75
®
"\E 65 .........
<
3 Avg Limit C(dBul/m)
@ VG
o 55
§]
A e 5 P
o)
4
351 . RO NI RPN, s ot v SO e SORORO OO OOUSOO
B T S S T S
1868 18868 188688
Frequency (MHz)
Rurge (Hiz) ] Fel/Atin Dot Avg Mode Susep Pto  Foepofads Fosikion  |Range (o) AU Ref/Atln Dot fug Mode Swocp Pla  f5upo/tbde  Fosition
FCC PortiSC 2.46Hz RSE.TST 38915 23 Dec 2815 Rev 9.5 B1 Moy 2823

VERTICAL
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

RADIATED EMISSIONS

Marker Frequency Meter Det 223083 ACF Cbl/Amp (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(MHz) Reading 3m (dB/m) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuVv/m)

1 *4069.682 50.7 PKFH 35.2 -41.3 44.6 - - 74 -29.4 359 286 H
*4066.097 37.64 VALT 35.2 -41.3 31.54 54 -22.46 - - 359 286 H

2 6613.095 49.55 PKFH 35.5 -38.2 46.85 - - 74 -27.15 182 146 H
6613.24 40.43 VALT 35.5 -38.2 37.73 54 -16.27 - - 182 146 H

3 16612.79 44.14 PKFH 41.3 -31.4 54.04 - - 74 -19.96 112 156 H
16612.506 30.12 VALT 41.3 -31.4 40.02 54 -13.98 - - 112 156 H

4 *4070.685 51.39 PKFH 35.2 -41.2 45.39 B - 74 -28.61 7 294 \
* 4067.915 37.53 VALT 35.2 -41.4 31.33 54 -22.67 - - 7 294 \4

5 6613.338 50.48 PKFH 35.5 -38.2 47.78 - - 74 -26.22 28 164 \
6613.319 43.07 VALT 35.5 -38.2 40.37 54 -13.63 - - 28 164 \%

6 16664.436 43.98 PKFH 41.5 -31.6 53.88 - - 74 -20.12 207 375 \
16665.93 30.32 VALT 41.5 -31.6 40.22 54 -13.78 - 207 375 \

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
PKFH FHSS/BT RB=100k for Frequencies<1GHz / RB=1MHz for Frequencies>1GHz, VB=3 x RB, Peak
VALT - FHSS: Linear Voltage Average VB=1/Ton where: Ton is transmitting duration
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

10.2. WORST CASE BELOW 30 MHz

SPURIOUS EMISSIONS BELOW 30 MHz (WORST-CASE CONFIGURATION)

- Chamber B4-RDE-K 2823 Det 18 11:88:46

1268

RF Emi=sions

Project Number: 14954508

18a i i Cliemt: SRAM LLC

Config: EUT + Support Equipment
Mode: BT Worst Cose

BB Pk T e (ARG : Tested by: 28756 CU
eal-

N T

@ I ;

g P

=

2

a

E]

=

-

@

2

aJge]] — T ' ‘ — 14 L

Frequency (MHz)

Range (MHz) REWAEU Ref/fitn  Det Hvg Hode Sueep Pia #5upafode  Position Range (MHz) REN/EU Ref/ftin  Deil Hvg Hode Sumep Pia #5upaMode  Position
R s v Fe ne T e vl J ;

5- 1Bk(-3dB)/ 36k 97/2 PEAK - Baec 2788A  HRXH B-36Bdnge 711786 k912 PERK - 4200 16888 HAKH B-268dege

1BkC-3dB)/ 30k 97/2 FEK - daec 16888 MAKH B-35Bdegs B:1.785-38 k9172 PERk - Baec 27888 WAXH B-360degs

CC 15.289 Below 3BMHz . TST jv4323 29 Jun 2822 Rev 9.5 81 May 2823

ANTENNA- TWO ORIENTATIONS FACE ON/FACE OFF

Below 30MHz Data

Marker Frequency Meter Det Loop AmpICbl (dB) Dist Corrected Peak Margin Avg Margin Peak Margin Avg Limit Margin Azimuth
(MHz) Reading Antenna corr Reading Limit (dB) Limit (dB) Limit (dB) (dBuv/m) (dB) (Degs)
(dBuv) E(ACF) 300m (dBuVolts) (dBuVim) (dBuv/ (dBuVim)
m)

1 0121 27.96 Pk 60.1 3LL 80 23.04 65.02 ~88.96 45.92 ~68.96 - - - B 0360

2 387 2755 Pk 56.3 32.0 80 28.25 - - - B 35.85 64.1 1585 4.1 0360

2 012 16.42 Pk 60.1 311 80 3458 66.01 ~100.50 26.01 ~80.59 , - - , 0-360

5 4835 27.16 Pk 56.2 322 80 28.84 B - - - 33.92 62.76 1392 ~42.76 0-360

Pk - Peak detector

Marker Frequency Meter Det Loop Antenna Amp/Cbl (dB) Dist Corr 30m (dB) Corrected QP Limit (dBuV/m) Margin Azimuth
(MHz) Reading E(ACF) 40Log Reading (dB) (Degs)
(dBuv) (dBuVolts)

3 8185 3181 Pk 56.4 32.2 40 16.01 29.36 13.35 0-360

6 4986 29.15 Pk 56.2 2.1 40 1325 33.65 204 0-360

7 15711 38.65 Pk 438 319 20 10.55 2371 1316 0-360

8 25403 3555 Pk 40 32 20 355 295 25.95 0-360

9 16228 35.35 Pk 436 32 20 6.95 2343 -16.48 0-360
10 11.4692 23.74 Pk 34.7 317 40 1326 295 ~22.76 0-360

Pk - Peak detector
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

10.3.

WORST CASE BELOW 1 GHz

SPURIOUS EMISSIONS 30 TO 1000 MHz (WORST-CASE CONFIGURATION)

gqﬂhnmhﬁr B4-RDE-K 2823 Det 18 17:59:59
I |Radiated Emissions - 3 Meters
85 Project Number: 14954588
Client: SRAM LLC
Config: EUT + Support Equipment
Mode: BT Waorst Cose
75 Tested by: 23522 SI
E”—_\
8 55
- ’_
T 45 QPR TEm T B Ut
~
>
@
T 35
25%“‘# M ——————
) \
- MM
- T -
38 1688 1664
Freguency (MHz)
Farge (M) REU/EY Rel/ttn Dot fg Fode Suep Pis  #oupa/fode Fosilion [Range (F2) FEU/UB Ref/ftin  Del fug Mode Sueep Pts  Fupaifode Fosition
[ 16BN/ 9718 FERK - oMz 46 W 0-3tiegn 13:290- 19 1Z0h(-5B)/IH T2/1B PERK - S0/Miz  BOBD MR 8-J6dege H

FCC Part!SC 38-18@8MH= TST 38915 15 Jul 2814 Rev 9.5 81 Moy 2823

HORIZONTAL

gl:Chnmhﬂr B4-RDE-K 2823 Dct 18 17:59:59
Rodioted Emissions - 3 Meters
o Project Number: 149545008
o Client: SRAM LLC
Config: EUT + Suppart Eguipment
Mode: BT Worst Caose
75 Tested by: 23522 SI
Ellz
2 55
E’ F
T 45 0Pk Lim Tt tdButiym
= 4
5 b 5 :
: 3 '@R e :
w 4
25 - ke i d ‘_mi I 'm' !b.i‘
el oty WO VAN Wl iies
15 »W!lmg f mn‘\ﬂ I
gt :
. ; ; ; ;
38 1688 ElEE]
Freguency (MHz)
[Farge (H¥iz} REU/EY Ref/Mttn Dot fg Fode Sueep Pis  #oupa/fiode Fosilion [Range (FD) FEU/UB Ref/itin  Del fug Mode Sueep Pts  upaifode Fosition

FCC Part!SC 38-18@8MH= TST 38915 15 Jul 2814 Rev 9.5 81 May 2823

VERTICAL
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

Below 1GHz Data

Marker Frequency Meter Det 232075 ACF Amp/Cbl (dB) Corrected QPk Limit Margin Azimuth Height Polarity
(MHz) Reading (dB/m) Reading (dBuVv/m) (dB) (Degs) (cm)
(dBuv) (dBuVv/m)

1 *122.121 445 Pk 19.9 -30.5 33.9 43.52 -9.62 0-360 199 H
4 35.8665 46.4 Pk 22.5 -31.3 37.6 40 -2.4 0-360 101 \

35.6953 42.35 Qp 22.6 -31.3 33.65 40 -6.35 0-227 108 \Y
2 *332.317 45.92 Pk 19.8 -29.4 36.32 46.02 -9.7 0-360 299 H
3 766.574 35.65 Pk 26.6 -27.3 34.95 46.02 -11.07 0-360 101 H
5 337.518 45.32 Pk 19.8 -29.3 35.82 46.02 -10.2 0-360 199 \%
6 499.039 40.49 Pk 23.6 -28.8 35.29 46.02 -10.73 0-360 99 \

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
Qp - Quasi-Peak detector
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REPORT NO: 14954500-E1V1
FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

10.4. WORST CASE 18-26 GHz

SPURIOUS EMISSIONS 18-26 GHz (WORST-CASE CONFIGURATION)

. =Chamber B4-RDE-K 2823 Det 18 Bl 16: 32
RF Emiz=ions 3 meter
. Project Number: 14854588
B Client: SRAM LLC
Config: EUT+Support Equipmant
Mode: BT Worst Cose
95 Tested by: 23522 SI
B o
-~ D
§  gPeck Limit (dBUU/m)
B
2
3 erage Limit dBul
a SSee.=e
45} e > 3
WWWWWWWWW”M
o e e
0
| 80BH 26504
Frequency (MHz2
[Rerge_(1tiz) REWAEH Ref/ftln  Det fvg Hode Sucep Pis  foupaftode  FPosition ‘Ru\gz Miz] REWAEU Ref/ftin  Det fug Hode Sueep Pia  5wpa/fode  Fosition
|:leEZiSEn NGBV %I FEK - Jaseciauto) 1BEEL  MRH a-0dege K
18-26 5GHz Test 3-mete~ (109650 + 234683) TST 306B6 5 May 2823 Rev 9.5 B1 Moy 2823
. ~Chamber B4-RDE-K 2823 Oct 18 BB 16: 32
RF Emissions 3 meter
Project Number: 14954508
L S B Client: SRAM LLC
Config: EUT+Sugport Equipment
Mode: BT Worst Cose
95/ Tested by: 23522 SI
R
@ Peak L Bul
Peak imit (dBul/m)
= ] T
B
2
3 Average Limit dBul
@ SO
45 p 2 =
i 4 mh&mﬁw " | AR ] PIWPPRTRTITNLY WRRE. W v VT AT
o B i S R
0
| 80BH 26504
Frequency (MHz2
[Renge (1tiz) REWAEH Ref/fttn  Det fvg Hode Sacep Pts  foupaftode  Fosition ‘Ru\gz (Miz] REW/EU Ref/ftin  Del fug Hode Sueep Pia  f5wpa/fode  Fosition
18-26 5GHz Test 3-mete~ (109650 + 234683) TST 30606 5 May 2823 Rev 9.5 B1 Moy 2823

VERTICAL
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REPORT NO: 14954500-E1V1

FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

18 — 26GHz Data

Marker Frequency Meter Det Horn ACF 234683 Cables Corrected Peak Limit PK Average Margin Azimuth Height Polarity
(MHz) Reading (dB/m) Amp/Cbl (dB) Reading (dBuV/m) Margin Limit (dB) (Degs) (cm)
(dBuv) (dB) (dBuVolts) (dB) dBuV/m
1 *19426.11 52.83 Pk 32.5 -62.8 185 41.03 74 -32.97 54 -12.97 0-360 200 H
2 *23644.47 50.83 Pk 33.6 -62.7 20.3 42.03 74 -31.97 54 -11.97 0-360 200 H
3 *25545.635 49.13 Pk 34.1 -62 21.2 42.43 74 -31.57 54 -11.57 0-360 101 H
4 *19560.221 52.06 Pk 32.7 -62.7 18.6 40.66 74 -33.34 54 -13.34 0-360 199 \%
5 *22482.331 51.69 Pk 33.3 -62.6 19.8 42.19 74 -31.81 54 -11.81 0-360 199 \4
6 *26006.052 48.48 Pk 34.3 -61.6 21.4 42.58 74 -31.42 54 -11.42 0-360 101 \%

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band

Pk - Peak detector
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REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

11. AC POWER LINE CONDUCTED EMISSIONS

LIMITS

FCC §15.207 (a)
ISED RSS-GEN, Section 8.8

Frequency of Emission (MHz) Conducted Limit (dBuV)
Cuasi-peak Average
0.15-0.5 6t 56 560 to 46
0.5-5 56 46
5-30 G0 S0
" Decreases with the logarithm of the frequency.

TEST PROCEDURE

The EUT is placed on a non-conducting table 40 cm from the vertical ground plane and 80 cm
above the horizontal ground plane. The EUT is configured in accordance with ANSI C63.10.

The receiver is set to a resolution bandwidth of 9 kHz. Peak detection is used unless otherwise
noted as quasi-peak or average.

Line conducted data is recorded for both NEUTRAL and HOT lines.

RESULTS
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REPORT NO: 14954500-E1V1

FCC ID: C90-HKB1

DATE: 2023-11-09
IC: 10161A-HKB1

AC Power Line Norm

LINE 1 RESULTS

| ,H_\L Fremant, CA CE Room 2823 Oct 28 21:47:14
E
Conducted RFIT Ualtage
Project Na: 14954588
186 €1 2nt Nome: SRAM LLC
EUT Config: EUT + Support Equipment
. Test Uolt/Freq: BT_12BU/66Hz
92 Test By: 23522 S1I
O 00 U S0 SO SO N S S0 00t GOSN SRS RSOSSN P SONIS SO S
5
- -
B i
- —
[ = OO OUO T sovovene=—-S S-S SURSUSRNON SURUOTORE HESUIOR SUUOON SOUOR SRS SO
c
S
3 JER
@ ~
o
S
222 — A
B - 3 1
ol =P, 5 'é_ g W
- RS U N = S
_5 ...................
15 i I 30
Frequency (MHz2
Renge (MHiz) REM Ref/fitn  Det  fvg Mode Sueep Pts YoupsMode  Lokel Renge (MHz) REW Ref/ftin  Det fvg Mode Supep 150ps/Mode  Lobe|
J15-38 k(-5 B2/18 Op/Co 15/2. 25z 133k 1/RIT LineL1
CC15S CE Class B 158kH=z-3BMHz Stepping LISN 175765.TST 25955 3 Oct 26823 Rev 9.5 B3 Mar 2023
Trace Markers
Range 1: Line-L1 .15 - 30MHz
Marker Frequency Meter Det LISN (dB) Chl (dB) Trns Limiter Corrected FCC Part 15 QP Margin FCC Part 15 Av(CISPR)M
(MHz) Reading (dB) Reading Class B QP (dB) Class B Avg argin
(dBuv) dBuv (dB)
1 .1523 27.92 Qp 0 0 9.5 37.42 65.88 -28.46 - -
2 .1523 9.5 Ca 0 0 9.5 19 - - 55.88 -36.88
3 .4853 3.89 Qp 0 0 9.3 13.19 56.25 -43.06 - -
4 4853 -4.12 Ca 0 0 9.3 5.18 - - 46.25 -41.07
5 .789 -2 Qp 0 1 9.3 7.4 56 -48.6 - -
6 .789 -7.79 Ca 0 1 9.3 1.61 - - 46 -44.39
7 1.1693 -2.21 Qp 0 1 9.4 7.29 56 -48.71 - -
8 1.1693 -7.69 Ca 0 1 9.4 1.81 - - 46 -44.19
9 1.3695 -2.71 Qp 0 1 9.3 6.69 56 -49.31 - -
10 1.3695 -8.51 Ca 0 1 9.3 .89 - - 46 -45.11
11 25.53 9.61 Qp 2 .3 9.5 19.61 60 -40.39 - -
12 25.53 4.1 Ca 2 .3 9.5 14.1 - - 50 -35.9

Qp - Quasi-Peak detector
Ca - CISPR average detection

Page 75 of 79

UL VERIFICATION SERVICES
47173 Benicia Street, Fremont, CA 94538; USA

TEL:(510) 319-4000

FAX:(510) 661-0888

This report shall not be reproduced except in full, without the written approval of UL VERIFICATION SERVICES




REPORT NO: 14954500-E1V1 DATE: 2023-11-09
FCC ID: C90-HKB1 IC: 10161A-HKB1

LINE 2 RESULTS

| ,H_‘L Fremant, CA CE Room 2823 Oct 28 21:47:14
2
Conducted RFIT Ualtage
Praject No: 14954588
186 Client Name; SRAM LLC
EUT Comfig: EUT + Support Equipment
| Test Uolt/Freq: BT 128U/68Hz
EL : Test By: 23522 S1I
4 SO SOUSON: SURNUPNS SRR SO SO SO OSSN SORONUNS SNSRI SRS SRR SUR S SOOI SO
B AT —

dBul Line-L2 14dB
.l
=
| |

3
] 7SS JOURUNUPRSRRII: SUORIURPRUN SURSPRION SORPRIUS ORNS SORUN SO SO SO
221
p 21
o 15 17 19 . . o)
,E', -
1= ] 38
Frequency (MHz2
Renge (MHz) REW Ref/fitn  Det  fvg Mode Sweep Pts YoupsMode  Lokel Renge (MHz) REN Ref/ftin  Det fvg Mode Supep Pts 15ups/Mode  Lebe|
CC1S CE Class B 158kHz-3BMHz Stepping LISN 175765.TST 25955 3 Oct 26823 Rev 9.5 B3 Mar 20823
Trace Markers
Range 2: Line-L2 .15 - 30MHz
Marker Frequency Meter Det LISN (dB) Cbl (dB) Trns Limiter Corrected FCC Part 15 QP Margin FCC Part 15 AV(CISPR)M
(MHz) Reading (dB) Reading Class B QP (dB) Class B Avg argin
(dBuv) dBuv (dB)
13 .1523 27.6 Qp 0 0 9.5 37.1 65.88 -28.78 - -
14 .1523 8.2 Ca 0 0 9.5 17.7 - - 55.88 -38.18
15 .789 -2 Qp 0 0 9.3 9.1 56 -46.9 - -
16 .8093 -6.12 Ca 0 0 9.3 3.18 - - 46 -42.82
17 1.1693 -.06 Qp 0 2 9.4 9.54 56 -46.46 - -
18 1.1693 -5.81 Ca 0 2 9.4 3.79 - - 46 -42.21
19 1.3695 -1.2 Qp 0 1 9.3 8.2 56 -47.8 - -
20 1.3695 -6.99 Ca 0 1 9.3 241 - - 46 -43.59
21 13.56 291 Qp 1 2 9.5 12.71 60 -47.29 - -
22 13.56 -3.78 Ca 1 2 9.5 6.02 - - 50 -43.98
23 25.4648 10.01 Qp 2 .3 9.4 19.91 60 -40.09 - -
24 25.4648 4.52 Ca 2 .3 9.4 14.42 - - 50 -35.58
Qp - Quasi-Peak detector
Ca - CISPR average detection
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