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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

1. ATTESTATION OF TEST RESULTS

COMPANY NAME: End2End Sensors LLC
170 S Green Valley Parkway, Ste 300
Henderson, Nevada 89012

U.S.A.
EUT DESCRIPTION: Bluetooth Low Energy enabled temperature logging device
MODEL: E2E-BLE-GL1
SERIAL NUMBER: 2050054
DATE TESTED: January 31, 2019 —February 12, 2019

APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C 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 NVLAP, NIST, any agency of the Federal Government, or any
agency of the U.S. government.

Approved & Released For

UL Verification Services Inc. By: Prepared By:

Frank Ibrahim Eric Yu

Operations Leader Test Engineer

Consumer Technology Division Consumer Technology Division

UL Verification Services Inc. UL Verification Services Inc.
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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with FCC CFR 47 Part 2,
FCC CFR 47 Part 15, ANSI C63.10-2013, KDB 558074 D01 15.247 Meas Guidance v05.

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 47173 and 47266
Benicia Street, and 47658 Kato Road, Fremont, California, USA. Line conducted emissions are
measured only at the 47173 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.

47173 Benicia Street 47266 Benicia Street 47658 Kato Rd
[ ] chamber A (ISED:2324B-1) [ | Chamber D (ISED:22541-1) X] chamber I (ISED:2324A-5)
X] chamber B (ISED:2324B-2) =[] Chamber E (ISED:22541-2) [ | Chamber J (ISED:2324A-6)
j Chamber C (ISED:2324B-3) |: Chamber F (ISED:22541-3) |:| Chamber K (ISED:2324A-1)
[ ] chamber G (ISED:22541-4) =~ [ ] Chamber L (ISED:2324A-3)
[ ] chamber H (ISED:22541-5)

The above test sites and facilities are covered under FCC Test Firm Registration # 208313.
Chambers above are covered under Industry Canada company address and respective code

UL Verification Services Inc. is accredited by NVLAP, Laboratory Code 200065-0
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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

4. CALIBRATION AND UNCERTAINTY

4.1. MEASURING INSTRUMENT CALIBRATION

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

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 + 0 dB +10.1 dB+ 0 dB = 46.6 dBuV

4.3. MEASUREMENT UNCERTAINTY

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

PARAMETER UNCERTAINTY
Worst Case Conducted Disturbance, 9KHz to 0.15 MHz 3.84 dB
Worst Case Conducted Disturbance, 0.15 to 30 MHz 3.65dB
Worst Case Radiated Disturbance, 9KHz to 30 MHz 3.15dB
Worst Case Radiated Disturbance, 30 to 1000 MHz 5.36 dB
Worst Case Radiated Disturbance, 1000 to 18000 MHz 4.32 dB
Worst Case Radiated Disturbance, 18000 to 26000 MHz 4.45 dB
Worst Case Radiated Disturbance, 26000 to 40000 MHz 5.24 dB

Uncertainty figures are valid to a confidence level of 95%.
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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

5. EQUIPMENT UNDER TEST
5.1. DESCRIPTION OF EUT

The EUT is a Bluetooth Low Energy enabled temperature logging device. Sealed inside
plastic enclosure containing two AAA alkaline batteries.

5.2. MAXIMUM OUTPUT E-FIELD STRENGTH

The transmitter has a maximum output peak E-field as follows:

Frequency Range Mode Output PK E-field Strength
(MHz) (dBuV/m)
2402 - 2480 BLE 92.48

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes a PCB trace inverted-F antenna, with a maximum gain of 1.4 dBi.

5.4. SOFTWARE AND FIRMWARE

The EUT firmware installed during testing was V0.9

The test utility software used during testing was radio_test 0 1

5.5. WORST-CASE CONFIGURATION AND MODE

Radiated emission below 1 GHz was performed with the EUT set to transmit at the channel with
highest output power as worst-case scenario.

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

Page 7 of 32

UL VERIFICATION SERVICES INC.
47173 Benicia Street, Fremont, CA 94538; USA TEL:(510) 771-1000 FAX:(510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.



REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

5.6. DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT

N/A

I/O CABLES

N/A

TEST SETUP

The EUT is connected to two AAA alkaline batteries.
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SETUP DIAGRAM FOR TESTS

7 EUT ' Receiver
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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

6. MEASUREMENT METHOD
20 dB BW: ANSI C63.10 Subclause -11.8.1

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

Radiated emissions non-restricted frequency bands: ANSI C63.10 Subclause -11.11

Radiated emissions restricted frequency bands: ANSI C63.10 Subclause -11.12.1

Band-edge: ANSI C63.10 Subclause -11.13.3.4 Trace averaging across ON and OFF times of
the EUT transmissions followed by duty cycle correction
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REPORT NO: 12520944-E1V1
FCC ID: 2ARQY-E2EBLEGL1

DATE: 2/21/2019

7. TEST AND MEASUREMENT EQUIPMENT

The following test and measurement equipment were utilized for the tests documented in this

report:

TEST EQUIPMENT LIST

Description Manufacturer Model Asset Cal Due
Antenna, Active Loop 9KHz to 30MHz ETS-Lindgren 6502 T1683 02/21/2019
Antenna, Broadband Hybrid, 30MHzto g\ \\ AR RE Motion JB3 PRE0184971  11/13/2019
3000MHz
- SONOMA
Amplifier, 10KHz to 1GHz, 32dB INSTRUMENT 310 PRE0180175 07/09/2019
Antenna, Horn 1-18GHz ETS Lindgren 3117 T862 05/24/2019
Amplifier, 1 to 18GHz MITEQ AFS42-00101800- PRE1782151 08/01/2019
25-S-42
Spectrum Analyzer, PXA, 3Hz to Keysight E4446A T146 08/13/2019
44GHz
Spectrum Analyzer, PXA, 3Hz to Keysight E4446A T1454 01/23/2020
44GHz
Antenna Horn, 18 to 26.5GHz ARA MWH-1826/B T448 03/13/2019
Pre-Amp 1-26.5 GHz Agilent 8449B T404 03/09/2019
EMI Test Receiver Rohde&Schwarz ESW44 PRE0179376 05/08/2019
EMI Test Receiver Rohde&Schwarz ESW44 PRE0179377 11/02/2019
UL AUTOMATION SOFTWARE
Radiated Software uL ULEMC Ver 9.5, June 22, 2018
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REPORT NO: 12520944-E1V1
FCC ID: 2ARQY-E2EBLEGL1

DATE: 2/21/2019

8. TEST RESULTS

8.1.

LIMITS

ON TIME AND DUTY CYCLE

None; for reporting purposes only.

RESULTS
Mode ON Time| Period | Duty Cycle Duty Duty Cycle
B X Cycle [Correction Factor
(msec) | (msec) | (linear) (%) (dB)
BLE 5.0000 | 5.0000 1.000 100.00% 0.00

DUTY CYCLE PLOT

DUTY CYCLE BLE MODE

e Keysight Spectrum Analyzer - APv7.4.1(102017),10629 RL, Chamber A

o ]le ]

-/ | RF

[s0e bc |

| SENSE:INT]

| MALIGN OFF

[02:06:10 PMFeb 04,2019

PNO: Fast —»—‘ Trig: Free Run

dBrdiv
g

1
Lo

Ref 0.00 dBm

IFGain:Low

Atten: 10 dB

Avg Type: Voltage

TRACE[T0 375 6
m

Frequency

peT|R N

Auto Tune|

Center Freq
2.402000000 GHz

StartFreq|
2.402000000 GHz

StopFreq|
2.402000000 GHz

CF Step
8.000000 MHZ|

Auto Man

FreqOffset
0 Hz|

Center 2.402000000 GHz

Res BW 8 MHz

MSG

#VBW 50 MHz

Page

Sweep 5.000 ms (1001 pts)

Span 0 Hz

Scale Type

Log Lin

staTus € Align Now All required
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REPORT NO: 12520944-E1V1
FCC ID: 2ARQY-E2EBLEGL1

DATE: 2/21/2019

8.2.

LIMITS

None; for reporting purposes only.

RESULTS

99% and 20dB BANDWIDTH

Channel Frequency 99% Bandwidth 20dB
(MH2z) (KHz) Bandwidth
(KH2)
Low 2402 212.65 253.60

Middle

2440

212.71

249.40

High

2480

212.55

249.50

I Wepigh Specirum hralyees - APT AT (1020710628 L, Charmies & = | 5 Wepsight Spectram Anatycer - APV ALFLOZ0TT 1062 AL Charmber & ===
W T il T daion 2:04:13 PMFeb 04,2015 - T s u T02:03:26 PMFeb 04, 2015
[Center Freq 2.402000000 GHz Center Freq: 2.402000000 GHz Radio Std: None Frequency [ | Center Freq: 2.440000000 GHz Radio Std: None Frequency
== Trig: Free Run AvglHold: 1010 o= Trig: Free Run Avg|Hold: 10110
HFGainiow  #Atten: 10 d8 Racio Devie HFGainiow  #Aten: 10dB Radio Device: BTS
Mkr1 2.44001 Mkr1 2.4400112 GHZ|
0 dBldiv Ref -12.00 dBm - 0 dBidiv Ref -12.00 dBm N
Log Log v
Center Freq Center Freq|
2.402000000 GHz| 2.440000000 GHz|
Center 2.402 GHz ‘Span 1 MHz CF Stey Center 2.44 GHz Span 1 MHz| CF Stej
#Res BW 100 kHz #VBW 300 kHz Sweep 1ms 100,000 kHr; #Res BW 100 kHz #VBW 300 kHz Sweep 1ms 100.000 k,ﬂ
lAuto Man lauta Man|
Occupied Bandwidth Total Power -15.7 dBm Occupied Bandwidth Total Power -16.2 dBm
212.65 kHz pp— 212.71 kHz Freqofest
Transmit Freq Error 6.169 kHz % of OBW Power 99.00 % OHz Transmit Freq Error 11.796 kHz % of OBW Power 98.00 % OH
x dB Bandwidth 253.6 kHz x dB -20.00 dB x dB Bandwidth 249.4 kHz x dB -20.00 dB
wsa starus g Align Mow All required wsa Tarus €3 Align Now All required

= Keysight Spectram Anshyzer - APY7.A 1102017} 10628 AL Chammber &

e

[T E wion )
[ | Genter Freq: 2480000000 GHz Trace/Detector
o= Trig: Free Run AvglHold: 1010
#IF Gain:Low #Atten: 10 dB

Mkr1 2
0 dBidiv Ref -15.00 dBm

Log

14

Clear Write

Average]

Max Hold|

Center 2.48 GHz Span 1 MHz|
#Res BW 100 kHz #VBW 300 kHz Sweep 1ms|
Occupied Bandwidth Total Power -19.5 dBm
212.55 kHz
Transmit Freq Error 7.021 kHz % of OBW Power 99.00 %
x dB Bandwidth 249.5 kHz x dB -20.00 dB

Min Holdj

Detector,
Sample |
lauta

HIGH CHANNEL
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REPORT NO: 12520944-E1V1
FCC ID: 2ARQY-E2EBLEGL1

DATE: 2/21/2019

8.3.RADIATED EMISSIONS

LIMIT

FCC 15.249

Operation within the bands 902-928 MHz, 2400-2483.5 MHz, 5725-5875 MHZ, and 24.0—

24.25 GHz.

(a) Except as provided in paragraph (b) of this section, the field strength of emissions from
intentional radiators operated within these frequency bands shall comply with the following:

Fisld Fi=ld
sirangth of strangth o
Fundamental frequency fundameantal | harmonics
(rnillivoltss (rmic ronvalts)
meter) meter)
Qo2L28 MHz ... 50 R0
2400-2483 5 MHz . 50 LOO
EF2E-BBTEMHz ... 50 ROO
2402425 GHz ... 250 2500

(d) Emissions radiated outside of the specified frequency bands, except for harmonics, shall be
attenuated by at least 50 dB below the level of the fundamental or to the general radiated emission
limits in 8 15.209, whichever is the lesser attenuation.

. Measura-

Frequency (MHz) l:mli:-;?cﬂélllﬁplg;gr] mlaala-lrtncl:-la:a-
(metars)

0.005-0490 ... | 2400F (kHzZ) Al
04801705 ... eenn | 240000FikHz) 20
17052300 . | 30 20
OB e | 10D 3
22218 ... | 1RO 3
ME-080 e | 200 3
Abowe B30 ... | 500 3

“ Except as provided in paragraph (@), fundamental amis-
sions from intentional radiators opsrating under this sscfion
shall not be kcated in the frequancy bands 54-72 MHz, 76—
88 MHz, 174-216 MHz or 470206
within thess frequency bands is permitted under other sso-
tions of this part, &.q., $§15.231 and 15241,

Hz. Howenver, cperation
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REPORT NO: 12520944-E1V1
FCC ID: 2ARQY-E2EBLEGL1

DATE: 2/21/2019

RESULTS

8.3.1. FUNDAMENTAL FREQUENCY RADIATED EMISSION

Date: 01/31/2019
Test Engineer: | 19498 ER
Test Site Chamber |

®VZ Frequency Weter Tt AF 1862 AmpICGIER | Comecied g, Limit Margin Feak Limit PR Margin | Azimuin FHeight | Folarity
Orientation (GHz) Reading (dBim) o/Pad (dE) Reading (dBuyim] (dE} (dBuyim] (dE) (Dags) (em)
(dBuY) (dBuY/m)

* 2.44 T8.78 Pk 322 -18.4 91.56 - - 114 -22.44 33 354 H
* 2.44 78.68 Av 322 -18.4 91.48 94 -2.52 - - 33 354 H
K 2.44 T79.68 Pk 322 -18.4 92.45 - - 114 -21.52 &7 112 H
K 2.44 79.59 Av 322 -18.4 9239 94 -1.81 - - &7 112 H
r 2.44 68.31 Pk 322 -18.4 81.11 - - 114 -32.89 107 243 H
r 2.44 68.13 Av 322 -18.4 80.93 94 13.07 - - 107 243 H
* 2.44 76.31 Pk 322 -18.4 89.11 - - 114 -24.89 331 100 W
* 2.44 76.21 Av 322 -18.4 89.01 94 -499 - - 331 100 W
K 2.44 68.68 Pk 322 -18.4 81.48 - - 114 -32.52 138 375 W
K 2.44 68.5 Av 322 -18.4 81.3 94 =127 - - 138 375 W
r 2.44 79.21 Pk 322 -18.4 92.01 - - 114 -21.89 332 102 W
r 2.44 79.11 Av 322 -18.4 91.91 94 -2.09 - - 332 102 W

PK2 - KDB558074 Method: Maximum Peak

MAv1 - KDB558074 Option 1: Maximum RMS Average
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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

8.3.2. TRANSMITTER RESTRICTED BAND EDGES

RESTRICTED BANDEDGE (LOW CHANNEL, HORIZONTAL)

LOW CH RESTRICTED, Horizontal

| 25 UL Fremont — Chomber I 26819 Jon 3 13:47:39
25
Restricted Bondedge
. Project Number:|2528944
115 Client:End?End Sensor LLC
Config:EUT + Battery
Mode:BLE_24B2_H
1850 ; ; Tested by:19438 ER
95}
85 "
o
= - |
S 75 I
5 o
= : |
65 ‘ “
55 ' Bt ’ '
z | |
it s itk A kol okttt o bdandri stk PO ATIPRNTITA FORl dihatrk &
e S— o s
4 2
ey ) i e
350
2. 31 18 . 5MH=z/ 2.415
Frequency (GHz)
Rorge (G REU VB! Ref/Alln  Del/Fvg Mode Sume Pts  #5upsifode  Position Fargs (Gl12) FRHAEU Ref/Bitn  Det/Avg Hode Susep Pts  ¥owugafMode  Position
1:231-2.415 H(-6dE)/ 3 BT/18 PESK/Par fug(RMS)  Gueclfstal 981 MAKH 45 dege B2 o M- ] v i) L : i 5 deg
Low CH BE - H.TST Rev 9.5 11 Jon 2819
Trace Markers
Marker Frequency Meter Det AF T862 Amp/Cbl/FIt Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading Limit (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m) (dBuV/m)
1 *2.39 37.69 Pk 31.8 -21.6 47.89 - 74 -26.11 45 382 H
2 *2.38 39.43 Pk 31.7 -21.5 49.63 - - 74 -24.37 45 382 H
3 *2.39 26.61 RMS 31.8 -21.6 36.81 54 -17.19 - - 45 382 H
4 *2.338 28.23 RMS 315 -21.5 38.23 54 -15.77 - - 45 382 H

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

RESTRICTED BANDEDGE (LOW CHANNEL, VERTICAL)

LOW CH RESTRICTED, Vertical

UL Fremont — Chamber I

1e
Restricted Bandedge
Preject Number: 12528944
Client:End2End Sensor LLC
Config EUT + Boltery
Made:BLE_2482_U

Tested by 19438 ER

18 . 5MHz/

Frequency (GHz)

FELI/UR Ref fitin  Del/fg Mode Pls  Foupsifods Position Forgs (&)

bow CH BE - U, TST Rev 9.5 11 Jon 2819

Trace Markers

Marker Frequency Meter Det AF T862 Amp/Cbl/FIt Corrected Average Margin Peak Limit

PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading Limit (dB) (dBuVv/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m) (dBuV/m)
1 *2.39 37.3 Pk 31.8 -21.6 475 B 74 -26.5 341 126 \
2 *2.387 40.07 Pk 31.8 -21.6 50.27 - - 74 -23.73 341 126 \
3 *2.39 26.86 RMS 31.8 -21.6 37.06 54 -16.94 - - 341 126 \
4 *2.351 27.99 RMS 31.6 -21.5 38.09 54 -15.91 - - 341 126 \

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

RESTRICTED BANDEDGE (HIGH CHANNEL, HORIZONTAL)

HIGH CH RESTRICTED, Horizontal

| 25 UL Fremont — Chomber I 2819 Jon 3 11:39: 21
25
Restricted Bondedge
. Project Number
115} : ; Client:End2End
Config:EUT + B
Mode: BLE_2488_H
1850 ; ; Tested by:19438 ER
95}
85 H
- i
£ (]
3 75 -t
@ i
el L
. I
65 ) ¥
\ 1 1 Limit B/
55 | : :
oo ORI U.* PRI IR IO I VTR IO IR B AT Atttk b it i
as P | : fhy t ’ !
] 4
" ! L W ! btk
35
2.46 18, 3MH=z/ 2.563
Frequency (GHz)
Rorge (G REU VB! Ref/Alln  Del/Fvg Mode Sume Ps  #5upsifode  Position Fargs (1) FRHAEU Ref/Bitn  Det/Avg Hode Susep Pts  ¥owngafMode Position
1.2 46-2 563 IHE-GB)/ 1BTA8 PERK/Par fug(RME)  Gmseclfuta) 9081 MAKH 214 degs 352 1H-6d ] P N ] 14 dog
High CH BE- H.TST Rev 9.5 11 Jon 2819
Trace Markers
Marker Frequency Meter Det AF T862 Amp/Cbl/FIt Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading Limit (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m) (dBuV/m)
1 *2.484 38.17 Pk 324 -21.7 48.87 - 74 -25.13 214 352 H
2 2.505 39.98 Pk 32.5 -21.8 50.68 - - 74 -23.32 214 352 H
3 *2.484 27.2 RMS 32.4 -21.7 37.9 54 -16.1 - - 214 352 H
4 2.544 28.33 RMS 324 -21.8 38.93 54 -15.07 - - 214 352 H

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

Page 18 of 32

UL VERIFICATION SERVICES INC.

47173 Benicia Street, Fremont, CA 94538; USA TEL:(510) 771-1000 FAX:(510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.



REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

RESTRICTED BANDEDGE (HIGH CHANNEL, VERTICAL)

HIGH CH RESTRICTED, Vertical

| 25 UL Fremont — Chomber I 2819 Jon 3 11:48:85
25
Restricted Bondedge
. Project Number ]
1150 : : Cl ient :End2End or LLC
Canfig:EUT + B
Mode: BLE_248@_U
1850 ; ; Tested by:19438 ER
95}
85
:
3 75
@
o
B5
1 L it CdBul/n
55
Pl
| =)
Lo
a5
3 a4
o ¥
35
z2.46 18 3MH=z/ 2.563
Frequency (GHz)
Rorge (G e VB! Ref/Alln  Del/fvg Mode Sume Ps  #5wpsifode  Position Rarge (6i1) FEHAEU Ref/fitn  Det/Avg Hode Susep Pts  ¥ougafMode  Position
High CH BE - U.TST Rev 9.5 11 Jon 2819
Trace Markers
Marker Frequency Meter Det AF T862 Amp/Cbl/FIt Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading Limit (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m) (dBuV/m)
1 *2.484 37.13 Pk 324 -21.7 47.83 b 74 -26.17 156 99 \
2 2.56 40.22 Pk 324 -21.6 51.02 B - 74 -22.98 156 99 \
3 *2.484 27.25 RMS 32.4 -21.7 37.95 54 -16.05 - - 156 99 \
4 *2.497 28.43 RMS 325 -21.7 39.23 54 -14.77 - - 156 99 \

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: 12520944-E1V1
FCC ID: 2ARQY-E2EBLEGL1

DATE: 2/21/2019

8.3.3. HARMONICS AND SPURIOUS EMISSIONS ABOVE 1GHz

HORIZONTAL

Low Channel Result

HRLI, Fremont — Chamber T

s

2819 Jan 31

11 fent  End2E =or
Config EUT + Battery
Mode : BLE_2482

Tested by: 19498 ER

18:18:36

Frequency (GHz)

Fef/Aktn  Dsl/fug Hode

Ple  d5ups/fhde  FPosition Range (EHz) FEMABY

Fel7Ritn  Det/Avg Fode

FCC Port1SC 2. 4GHz RSE.TST

Rev 9.5 11 Jan 2819

VERTICAL

_UL Fremont — Chomber T

115

185

2819 Jan 31

Rodicted Emissions 3-Meters

Froject Number:12528944
Client:End2End Sensor LLC
Config EUT + Battery

Mode ELE_2482

Tested by 19428 ER

18:18:36

Frequency (GHz)

Fef/Altn  Dsl/fg Hode

Pls  d5ups/fhde  FPosition Range (EHz) Fel/Ritn  Det/Avg Fode

Rev 9.5 11 Jan 2819
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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

Trace Markers

Marker Frequency Meter Det AF T862 Amp/Cbl/Fltr Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) /Pad (dB) Reading (dBuv/m) (dB) (dBuVv/m) (dB) (Degs) (cm)
(dBuV) (dBuV/m)
1 *4.803 37.56 Pk 34.3 -28 43.86 - - 74 -30.14 0-360 102 H
2 7.206 37.79 Pk 35.6 -26 47.39 - - - - 0-360 199 H
3 *12.011 25.69 Pk 38.9 -20.9 43.69 - - 74 -30.31 0-360 102 H
4 *4.803 39.13 Pk 34.3 -28 45.43 - - 74 -28.57 0-360 102 \
5 7.206 35.1 Pk 35.6 -26 44.7 - - - - 0-360 102 \4
6 *12.01 23.29 Pk 38.9 -20.9 41.29 - - 74 -32.71 0-360 102 \

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

Radiated Emissions

Frequency Meter Det AF T862 Amp/Cbl/Flt Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
7.206 40.07 Pk 35.6 -26 49.67 - - - - 287 267 H
*4.804 39.48 Pk 34.3 -28 45.78 - - 74 -28.22 194 108 H
*4.804 37.43 Av 34.3 -28 43.73 54 -10.27 - - 194 108 H
*12.01 32.59 Pk 38.9 -20.9 50.59 - - 74 -23.41 223 109 H
*12.01 24.09 Av 38.9 -20.9 42.09 54 -11.91 - - 223 109 H
7.206 37.49 Pk 35.6 -26 47.09 - - - - 340 128 \4
*4.804 40.7 Pk 34.3 -28 a7 - - 74 -27 214 112 \4
*4.804 38.65 Av 34.3 -28 44.95 54 -9.05 - - 214 112 \Y
*12.01 30.09 Pk 38.9 -20.9 48.09 - - 74 -25.91 265 359 \Y
*12.01 21.79 Av 38.9 -20.9 39.79 54 -14.21 - - 265 359 \Y

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
Av - Average detection
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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

Middle Channel Result

HORIZONTAL

UL Fremont - Chomber I 2819 Jon 31

Radioted Emizsions 3-Meters

Project Number:|2328344
“1Client End2End Sensar LLC
Config:EUT + Battery
Mode BLE_2448 N
i Tested by: 19498 ER

Frequency (GHz)

Farge (%) FEW /U Fef/Aktn  Dsl/fug Hode Smep Pha  dSupasfbde  Position Range (EHz) FEMABY Fel7Ritn  Det/Avg Fode e Ple  BSupaiMods  Pasilion

+15C 2 4GHz RSE.TST Rev 9.5 11 Jan 2819

VERTICAL

11K\U_ Fremont — Chaomber I 2819 Jon 31 d9:37:52
Radioted Emizsions 3-Meters

- | | Project Number: 12528944
185 ; “1C1i&nt End2End Sensar LLC
Config EUT + Battery

| ; Mode BLE_2448 h
G bt b Tested by: 19488 ER

Frequency (GHz

Fargs (%) REW /U Fef/Altn  Dsl/fg Hode Smep Pha  dSupasfde  FPosition Range (EHz) FEMATBY Fel/Ritn  Det/Avg Fode - Ple FSupaiMods  Pasilion

+15C 2 4GHz RSE.TST Rev 9.5 11 Jan 2819
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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

Trace Markers

Marker Frequency Meter Det AF T862 Amp/Chl/Fitr Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) /Pad (dB) Reading (dBuVv/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuVv/m)
1 *4.88 39.93 Pk 34.1 -28.8 45.23 - - 74 -28.77 0-360 102 H
2 *7.32 38.04 Pk 35.6 -26 47.64 - - 74 -26.36 0-360 102 H
3 *12.201 24.49 Pk 39 -20.9 42.59 - - 74 -31.41 0-360 102 H
4 *4.88 39.62 Pk 34.1 -28.8 44.92 - - 74 -29.08 0-360 102 \
5 *7.319 37.26 Pk 35.6 -26 46.86 - - 74 -27.14 0-360 102 \
6 *12.198 22.7 Pk 39 -20.8 40.9 - - 74 -33.1 0-360 199 \4

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

Radiated Emissions

Frequency Meter Det AF T862 Amp/Cbl/Flt Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuVv) (dBuV/m)
*4.88 41.85 Pk 34.1 -28.8 47.15 - - 74 -26.85 18 103 H
*4.88 39.76 Av 34.1 -28.8 45.06 54 -8.94 - - 18 103 H
*7.32 39.61 Pk 35.6 -26 49.21 - - 74 -24.79 184 243 H
*7.318 22.97 Av 35.6 -26 32.57 54 -21.43 - - 184 243 H
*12.2 31.08 Pk 39 -20.8 49.28 - - 74 -24.72 63 107 H
*12.2 23.67 Av 39 -20.8 41.87 54 -12.13 - - 63 107 H
*4.88 41.01 Pk 34.1 -28.8 46.31 - - 74 -27.69 37 323 \4
*4.88 38.8 Av 34.1 -28.8 44.1 54 -9.9 - - 37 323 \4
*7.32 38.85 Pk 35.6 -26 48.45 - - 74 -25.55 116 103 \4
*7.32 36.66 Av 35.6 -26 46.26 54 -7.74 - - 116 103 \Y
*12.197 29.23 Pk 39 -20.8 47.43 - - 74 -26.57 162 108 \Y
*12.199 20.59 Av 39 -20.8 38.79 54 -15.21 - - 162 108 \Y

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

Page 23 of 32

UL VERIFICATION SERVICES INC.
47173 Benicia Street, Fremont, CA 94538; USA TEL:(510) 771-1000 FAX:(510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.



REPORT NO: 12520944-E1V1
FCC ID: 2ARQY-E2EBLEGL1

DATE: 2/21/2019

High Channel Result

HORIZONTAL

_UL Fremant - Chomber I

Radiaoted Emizsions

Project Number: 12528944
Sensor LLEC
Config EUT + Battery
Mode  ELE_2488
e Tested by 19498 ER

2819 Jon 31 11:81:29

3-Meters

Frequency (GHz)

Fargs (G)

FEW /U

Fef/Aktn  Dsl/fug Hode Smep Ple  d5ups/fhde  FPosition Range (EHz) FEMABY

Fel7Ritn  Det/Avg Fode

= Ple  BSupaiMods  Pasilion

FCC PortiSC 2 4GHz RSE.TST

Rev 9.5 11 Jan

819

VERTICAL

_UL Fremant - Chomber I

Radiaoted Emizsions

Project Number: 12520344
Client End2End Sensor LLC
Config:EUT + Bottery
Mode  BLE_2488 -

| Tested by: 19488 ER

2819 Jon 31 11:81:29

3-Meters

Frequency (GHz)

[ Fef /Aktn  Debifrg Hode e Fio  d5ups/fade  Fosition Fange (GHz) [

Fef/Aitn  Det/fvg Mode

+15C 2 4GHz RSE.TST

Rev 9.5 11 Jan

819
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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

Trace Markers

Marker Frequency Meter Det AF T862 Amp/Chl/Fitr Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) /Pad (dB) Reading (dBuVv/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuVv/m)
1 *4.96 42.32 Pk 34.2 -29 47.52 - - 74 -26.48 0-360 102 H
2 *7.439 39.53 Pk 35.6 -25.1 50.03 - - 74 -23.97 0-360 102 H
6 *11.28 23.06 Pk 38 -20.4 40.66 - - 74 -33.34 0-360 199 H
3 *4.959 41.36 Pk 34.2 -29 46.56 - - 74 -27.44 0-360 102 \
4 *7.44 39.37 Pk 35.6 -25.1 49.87 - - 74 -24.13 0-360 102 \
5 *11.302 24.17 Pk 38 -20.3 41.87 - - 74 -32.13 0-360 199 \4

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

Radiated Emissions

Frequency Meter Det AF T862 Amp/Cbl/Flt Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuVv) (dBuV/m)
*4.96 43.77 Pk 34.2 -29 48.97 - - 74 -25.03 20 103 H
*4.96 41.78 Av 34.2 -29 46.98 54 -7.02 - - 20 103 H
*7.44 41.49 Pk 35.6 -25.1 51.99 - - 74 -22.01 101 108 H
*7.44 39.86 Av 35.6 -25.1 50.36 54 -3.64 - - 101 108 H
*11.28 29.46 Pk 38 -20.4 47.06 - - 74 -26.94 75 191 H
*11.282 19.7 Av 38 -20.4 37.3 54 -16.7 - - 75 191 H
*4.96 42.64 Pk 34.2 -29 47.84 - - 74 -26.16 25 116 \4
*4.96 41.04 Av 34.2 -29 46.24 54 -7.76 - - 25 116 \4
*7.44 40.88 Pk 35.6 -25.1 51.38 - - 74 -22.62 115 104 \4
*7.44 39.45 Av 35.6 -25.1 49.95 54 -4.05 - - 115 104 \Y
*11.302 29.04 Pk 38 -20.3 46.74 - - 74 -27.26 270 156 \Y
*11.3 19.74 Av 38 -20.3 37.44 54 -16.56 - - 270 156 \Y

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
Av - Average detection
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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

8.3.4. WORST-CASE BELOW 30 MHz

SPURIOUS EMISSIONS BELOW 30 MHz

UL Fremaont,5m Chamker B 12 Feb 2813
i i RF Emissions

i |Project Number:|25268349

1 Cl tent  End2End Sensor LLC

i |Config:EUT + Battery

i |Mode: Be low_38MH=_BLE
Tested by:19498 ER

b Lifit CdBulim)

(eBulo | tsd

Fof/httn  Detivg Tupa

Binsaciiute) 2

FCC 15.2689 Below 30MHz.TST 38315 28 Apr 2817 Fev 9.5 81 Dec 2816

Note: The anechoic chamber has been properly calibrated so that the measurement
results correspond to what would be obtained from an open field sites.

Trace Markers

Ma Frequency Meter Det Loop Cabl Dist Corrected Peak Margin Avg Limit Margin Peak Margin ‘Avg Limit Margin Azimuth
rke (MHz) Reading Antenn es Corr Reading Limit (dB) (dBuv/m (dB) Limit (dB) (dBuv/m (dB) (Degs)
v (dBuv) a(dBm) (d8) 300m (dBuVolts) (dBuV/m ) (dBuv/m )
) )
5 .01582 42.59 Pk 17.2 1 -80 -20.11 63.6 -83.71 43.6 -63.71 - - - - 0-360
1 105959 39.1 Pk 12.6 0 -80 -28.3 52.08 -80.38 32.08 -60.38 - - - - 0-360
6 116953 46.98 Pk 11.2 1 -80 21.72 - - - - 43.04 -64.76 23.04 -44.76 0-360
2 117192 46.79 Pk 11.2 1 -80 -21.91 - - - - 42.91 -64.82 22.91 -44.82 0-360

Pk - Peak detector

Marker Frequency Meter Det Loop Cabl Dist Corrected QP Limit (dBuV/m) Margin Azimuth
(MHz) Reading Antenn es Corr Reading (dB) (Degs)
(dBuv) a(dBm) (d8) (dB) (dBuVolts)
40Log
3 164968 34.83 Pk 11.1 1 -40 6.03 31.36 -25.33 0-360
7 7606 33.42 Pk 11 1 -40 4.52 29.99 -25.47 0-360
8 2.31389 22.99 Pk 113 2 -40 -5.51 295 -35.01 0-360
4 6.59968 15.95 Pk 11 3 -40 12.75 295 42.25 0-360

Pk - Peak detector
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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

8.3.5. WORST-CASE BELOW 1 GHz

SPURIOUS EMISSIONS 30 TO 1000 MHz

HORIZONTAL

UL Fremont — Chamber T 2019 Jon

Radiated Emissions - 3 Meters
| |Project Number

Mode ilorst Cose
Tested by:19458 ER

oy i
MN’“’-"M.A i
‘

o ' A
: %JWWMWMWMW

184 18ae
Frequency (MHz>

=

REW /UG Ref/fttn  Dal/fug Hode Geeen Pts  doups/Mode  Fositior [ Tange (Wiz) FEMABY Rel/fitn  Det/fvg Mod:
128k (-6B) /1M 97/18 FER/LogPur—Video  dmeec(hute) 48682 MAIH 8-35fdege H SZEU"-ZBU 128k(-6aB1/IN 97/

et/ o Susmp. Pie  Fowpa/Mode Position
18 PEAR/ALcgPerVideo  Ilmseciuto) B3B8 MAXH 8- 36degz H

FCC PortiSC 38-1888MHz . TST Rev 9.5 {1 Jon 2819

VERTICAL

UL Fremont - Chamber 2813 Jon

Radioted Emissions - 3 Meters

Froject Number:12528944
“IClient EndZ2End Sensor LLC
i |Config:EUT + Battery

Mode Horst Cose h

{ Tested by: 18488 ER

BEEE
Frequency (MHz2

Susep Ptz d5ups/fode  Fositior [ Tange (Hiz) FEMATEY Fef/fitn  Det/fvg fade Sueap Fls  Faupa/Mods  Position

FCC Port1SC 38-1888MHz. TST Rev 9.5 11 Jon 2019

Trace Markers
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REPORT NO: 12520944-E1V1
FCC ID: 2ARQY-E2EBLEGL1

DATE: 2/21/2019

Marker

Frequency Meter Det AF Amp Cbl (dB) Corrected QPk Limit Margin Azimuth Height Polarity
(MHz) Reading PRE0184971 Reading (dBuVv/m) (dB) (Degs) (cm)
(dBuv) (dB/m) (dBuV/m)
1 76.252 30.8 Pk 13.8 -30.9 13.7 40 -26.3 0-360 300 H
2 *169.2235 29.03 Pk 175 -30.3 16.23 43.52 -27.29 0-360 399 H
4 76.0394 28.32 Pk 13.8 -30.9 11.22 40 -28.78 0-360 102 \Y,
5 143.1218 28.67 Pk 18.6 -30.5 16.77 43.52 -26.75 0-360 102 \Y
3 *283.2108 28.7 Pk 19.3 -29.8 18.2 46.02 -27.82 0-360 199 H
6 532.0432 29.1 Pk 23.9 -29.3 23.7 46.02 -22.32 0-360 299 \%
* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Pk - Peak detector
Radiated Emissions
Frequency Meter Det AF Amp Cbl Corrected QPk Limit Margin Azimuth Height Polarity
(MHz) Reading PRE0184971 (dB) Reading (dBuV/m) (dB) (Degs) (cm)
(dBuV) (dB/m) (dBuVv/m)
504.762 21.34 Qp 23.5 -29.3 15.54 46.02 -30.48 285 204 \%

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
Qp - Quasi-Peak detector
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REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

8.3.6. WORST-CASE ABOVE 18 GHz

SPURIOUS EMISSIONS 18 TO 26 GHz

HORIZONTAL

UL EMC 2819 Jan 31 15:32:13

185

RF Emissions

- Order Number : 12528544
El Client:End2Erd Sensor LLC
Configuration EUT + Battery
Mode |BLE _liorst Cose

85 Tested by / SN:13498 ER

Feok Limit CdBEul/m)

Avg Limit (dBul/m)

CoBullalts) Horizantal

Frequency (GHz)

Range (GHz) RBU/UBL Ref/Attn  Det/fvg Mode Swezp Pte  #Supc/Mode  Lobel Fonge (GHz) REL/ VB Ref/fttn  Det/Avy Made Sueep Fts  #Sups/Made Lokel
1113-26 MC-38a73 8972 FEAK/Lagfur-Videa  2nses(Aute) 9881 HAXH Her 1 zontal

18-266Hz= Test.TST Rev 9.5 22 Jun 2818

VERTICAL

UL EMC 2819 Jan 31 15:32:13

185

RF Emissions

g5 Order Number: 12528944
Client:End2End Sensor LLC

Configuration:EUT + Battery

Mode !BLE Worst Case

85 Tested by / SN:19498 ER

Peok Limit (dBuL/m

Avg Limit (dBul/m)]

(dBullolts) Uerticol

Frequency (GHz)
Range (6Hz) REN/EN Ref/Attn  Det/ivg Mode Sueen Fie  foupifode Lobel Range (6H2) REW/UEN Ref/fttn  Det/Avy Hode Sucep Pts Faupsifiode Lok

18-266H= Test.TST Rev 9.5 22 Jun 2818

Page 29 of 32

UL VERIFICATION SERVICES INC.
47173 Benicia Street, Fremont, CA 94538; USA TEL:(510) 771-1000 FAX:(510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.



REPORT NO: 12520944-E1V1 DATE: 2/21/2019
FCC ID: 2ARQY-E2EBLEGL1

Trace Markers

Marker Frequency Meter Det T448 AF (dB/m) Amp/Cbl (dB) Dist Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin
(GHz) Reading Reading (dBuv/m) (dB) (dBuv/m) (dB)
(dBuv) (dBuVolts)
1 18.422 72.1 Pk 32.2 -59 -9.5 35.8 54 -18.2 74 -38.2
2 21.363 70.45 Pk 33.1 -57.5 -9.5 36.55 54 -17.45 74 -37.45
3 23.484 70.27 Pk 339 -57 -9.5 37.67 54 -16.33 74 -36.33
4 18.389 72.36 Pk 32.2 -59.5 -9.5 35.56 54 -18.44 74 -38.44
5 21.473 69.84 Pk 33.2 -57.3 -9.5 36.24 54 -17.76 74 -37.76
6 22.924 70.49 Pk 335 -57.1 -9.5 37.39 54 -16.61 74 -36.61

Pk - Peak detector
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