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Test report No:
NIE: 67469RRF.002

ISED CABid: ES1909

Test Report

USA FCC Part 15.247, 15.209
CANADA RSS-247, RSS-Gen

(*) Identification of item tested Wellness ring

(*) Trademark OURA

(*) Model and /or type reference Gen3 Ring (BLB_03)

(*) Derived model not tested BLB_03 Sizes: US6, US7, US8, US9, US10, US12 & US13
BLB_04 Sizes US6, US7, US8, US9, US10, US11, US12 & US13

Other identification of the product HW version: BLB_03 (SIZE US11)

SW version: 1.15.1
FCC ID: 2AD7V-OURA2101
IC: 20635-OURA2101

(*) Features Bluetooth LE, inductive charging

Applicant Oura Health Oy
Elektroniikkatie 10, 90590 Oulu, Finland

Test method requested, standard USA FCC Part 15.247 (10-1-20 Edition): Operation within the
bands 902 - 928 MHz, 2400 - 2483.5 MHz, and 5725 - 5850
MHz.

USA FCC Part 15.209 (10-1-20 Edition): Radiated emission
limits; general requirements.

CANADA RSS-247 Issue 2 (February 2017).

CANADA RSS-Gen Issue 5 Amendment 1 (March 2019).
Guidance for Performing Compliance Measurements on Digital
Transmission System, Frequency Hopping Spread Spectrum
System, and Hybrid Systems Devices Operating Under Section
15.247 of the FCC Rules. 558074 D01 Meas Guidance v05r02
dated April 2, 2019.

ANSI C63.10-2013: American National Standard for Testing
Unlicensed Wireless Devices.

Summary IN COMPLIANCE
Approved by (name / position & Rafael Lépez Martin
signature) EMC Conzumer & RF Lab. Manager 2021.11.0

- vanag 311:59:10

+01'00'
Date of issue 2021-11-03
Report template No FDTO08_23
(*) “Data provided by the client”
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Competences and guarantees

DEKRA Testing and Certification S.A.U. is a testing laboratory accredited by the National Accreditation Body
(ENAC -Entidad Nacional de Acreditacién) to perform the tests indicated in the Certificate No. 51/LE 147.

DEKRA Testing and Certification S.A.U. is an FCC-recognized accredited testing laboratory with the appropriate
scope of accreditation that covers the performed tests in this report.

DEKRA Testing and Certification S.A.U. is an ISED-recognized accredited testing laboratory, CABid: ES1909,
with the appropriate scope of accreditation that covers the performed tests in this report.

In order to assure the traceability to other national and international laboratories, DEKRA Testing and
Certification S.A.U. has a calibration and maintenance program for its measurement equipment.

DEKRA Testing and Certification S.A.U. guarantees the reliability of the data presented in this report, which is
the result of the measurements and the tests performed to the item under test on the date and under the
conditions stated on the report and it is based on the knowledge and technical facilities available at DEKRA
Testing and Certification S.A.U. at the time of performance of the test.

DEKRA Testing and Certification S.A.U. is liable to the client for the maintenance of the confidentiality of all
information related to the item under test and the results of the test.

The results presented in this Test Report apply only to the particular item under test established in this
document.

IMPORTANT: No parts of this report may be reproduced or quoted out of context, in any form or by any means,
except in full, without the previous written permission of DEKRA Testing and Certification S.A.U.

General conditions

1. This report is only referred to the item that has undergone the test.

2. This report does not constitute or imply on its own an approval of the product by the Certification Bodies
or competent Authorities.

3. This document is only valid if complete; no partial reproduction can be made without previous written
permission of DEKRA Testing and Certification S.A.U.

4. This test report cannot be used partially or in full for publicity and/or promotional purposes without
previous written permission of DEKRA Testing and Certification S.A.U. and the Accreditation Bodies.

Uncertainty

Uncertainty (factor k=2) was calculated according to the DEKRA Testing and Certification S.A.U. internal
document PODTO0O0O.

Data provided by the client

The following data has been provided by the client:

1. Information relating to the description of the sample ("ldentification of the item tested", "Trademark",
"Model and/or type reference tested"

2. OURA is a revolutionary wellness ring and app, designed to help user get more restful sleep and
perform better. It enables user to learn how the lifestyle choices affect user’s sleep, and how the
quality of the sleep affects user’s ability to perform.

The OURA ring can automatically tell when user is sleeping. When user goes to sleep, the OURA
ring analyzes the quality of the rest and recovery by measuring the heart rate (optically), respiration
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D DEKRA

rate, body temperature, and movement. While user is awake, it monitors the duration and intensity of
the activities, and the time user spends sitting.

The OURA app integrates and visualizes this data to identify patterns between the sleep quality and
daily activities. By understanding how well user slept and recharged, it can determine the readiness
to perform and help user adjust the intensity and duration of the day’s activities. It can also uncover
actionable insights for changes to the daily activities that can help user sleep better.

3. Customer provides the following information related to Derived Models not tested:

OURA

Declaration of differences

Purpose of the document:
This document contains general information of the Oura Ring Gen3 HW differences.

Ring sizes:

There are sight sizes of the rings: US6, UST, LS8, U539, US10, US11, US12 and US13. All sizes are
identical in RF characteristics.

All sizes were pre-tested and size US11 was selected as worst case to represent all sizes.

The rings in different sizes also have different size circuit boards and capacity batteries.

Every eight size of rings need dedicated battery type/physical size. Batteries are Li-ion type.
» Li-ion type

» Nominal voltage 3.7V

» Capacities varying from 15mah to 22mah depending on battery size.

# Batteries are CB certified and tested according to UN 38.3 requirements

Component Manufacturer/ Type No.f/ Technical data  |Standard Mo, Mark(s) &
Part No. Trademark Model Edition/year Certificates of
conformity *
Battery Shenzhen Grepow |1)YE1ROVE2G (3.7 Wde Li-ion, IEC 62133 (ed.2] |1)DK-73416-UL
Battery CO. LTD 2IYE1IBOT23G  |15-22 mah, editicn 2)DE-73886-UL
3IWE1BO724G  |0.0555Wh J)DE-73253-UL
4)YE1BO7 250G 0.0703Wh, 4)0K-73413-UL
SIYE1GO726G  |Charging 5)DK-73251-UL
BIYE1BOT2TG  |voltage 4.2Vdc, B)DK73573-UL
TIYELGO728G  |min. discharge TIDE-F3720-UL
BIYE1BO729G  |voltage 3 Wdc B)DK-73572-UL
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OURA
Antenna matching:

Antenna matching varies for different sizes of rings. Matching is done by varying L201, C211 and
L202 values according to the following table.

TRAMCEIVER $IDE ANTENNA L2017 C211 L2002
SIDE =
L201 L202 LIS06 (Int Ipl In&
. Y Us0o7 Ont Ipld In3
LISOE (mt 3p3 Ini
C211
f— LIS05 (nfs Ip3 [ni)
UsIo (b 3pd 2n2
usit | omé 2ps Ing
il Us12 (i 2ph Ini
3 Usiy | omé Iph In3

HW wversions BLBO3 vs. BLBO4:

Memory

BLBO3 and BLBO4 HW versions have slightly different memory systems. BLE_03 have two of SPI
controllable MX25RE6435FBDILD 64ME flash memories and BLE_04 one GD25LE128ELIGR 12EMB
flash memory component.

BELE 03

o two of MX25RE6435FBDILO MOR flash memory component
o s5ize 2ZnG4MEB

o 100 000 erase/program cycles, 20-year data retention

o 5Pl controlled

o operation voltage 1.65V to 3.6V

o Max clock frequency 80 MHz

ELE 04

o GD25LE12BELIGR MOR flash memory component

o size 128 MB

o 100 000 erase/program cycles, 20-year data retention
o 5Pl controlled

o Operation voltage 1.65V to 2.0V

o Max clock frequency 133 MHZ

Battery charge state sensing:

The charge state is sensed from the battery. There are differences between state sensing between
BLBE_3 and BLE_04 design. BLE_03 design uses battery gauge MAX17260 for the sensing and the
BLE_04 uses direct battery voltage sensing using processors ADC input.
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OURA
BLB_03
MAX17260 Fuel gauge in BLB_03
* 1 ohm sense resistor used
* 12C interface
* State of charge sensing
* Current measurement
* Temperature sensing - not used
* Vsupply 2.3V-49V
* shutdown current typ. 0.5uA, max 0.9 uA
* Hibernate current typ 5.1 uA max 12uA
* Active mode current typ. 15 uA max 30 uA

O 00 O0O0O0O0O0O0

BLB 04
o Measurement is done by reading VBAT_MEAS_ADC value by the processor P10_5 pin.

WHAT
A
KiQa
L [ X
RIM
R]us- 1
rvio T NBAT_MEes _anc
s oo
Ry ‘%f'}w .
RN
| rnar wias g
I
"
e
ALT
—_— — Putary ek mthed
i : Cange (BED 4 A)

O
PResssx Ditamas TL3 04 3

o Leakage current through resistors R105 and R107 can be prevented by setting VBAT_MEAS_EN
low state or input state. (Processor pin P6_3)

Signed on behalf of Oura Health Oy in Oulu, 20" October 2021

—. Oura Health Oy % Suskaa

Elektroniikkatie 10 sighature & companystam
90580 Ouly, FINLAND Lag"?ze. Jyri Suok:altsa e
VAT nio F125427764 8

Title: Senior Quality Specialist

DEKRA Testing and Certification S.A.U. declines any responsibility with respect to the information provided by
the client and that may affect the validity of result.
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Usage of samples

Samples undergoing test have been selected by: the client.

- Sample S/01 is composed of the following elements:

Control N° Description Serial N° Date of reception
, GEN3

67469B/001 Smart ring (BLB_03 SIZE 11) -- 2021/05/24

67469B/015 Charger base GEN3 Charger -- 2021/07/06

67469B/019 USB-C cable - - 2021/07/06

Auxiliary elements used with the sample S/01:

Control N° Description Serial N° Date of

reception

67469B/018 AC/DC adapter EP-TAS0EWE R37N5B35XC4RT3 2021/07/06

Sample S/01 has undergone the test(s): All Radiated tests indicated in Appendix A.

- Sample S/02 is composed of the following elements:

Control N° Description Serial N° Date of reception

67469B/004 Smart ring (PCB) -- -- 2021/05/24

Auxiliary elements used with the sample S/02:
Control N° Description Model Serial N° Date of reception

67518/008 USB to TTL Serial cable -- -- 2021/04/12

Sample S/02 has undergone the test(s): All Conducted tests indicated in Appendix A.
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Test sample description

D DEKRA

POMS ..ot : Cable
:Z:c?i;tinl;and Specified Att.ached Shielded Coupled
max during test to
length [m] patient®
- O U O
Supplementary information to the B
[o10] - TP :
Rated power supply ......cccceveennnne Reference poles
Voltage and Frequency
L1 L2 L3 N PE
O |AC: O U U O U
X |DC:3.7V
Rated POWEr .........occvvveviiienennnnn -
Clock frequencies ...........ccceeenn -
Other parameters..........cccoeeeennn -
Software version .........cccocceeeeennn 1.15.1
Hardware version............cccceeei BLB_03 (Size US11)
Dimensions in cm (W x H x D)....: --
Mounting position.....................: 0 | Table top equipment
O | wall/Ceiling mounted equipment
O | Floor standing equipment
O | Hand-held equipment
X | Other: Wearable equipment
Modules/parts ......cccccceveeeeeiicvnnnns s Module/parts of test item Type Manufacturer
Accessories (not part of the test Description Type Manufacturer
(1010 [P : USB to TTL Serial cable FDTI Chip
AC/DC adapter SAMSUNG
Documents as provided by the Description File name Issue date
applicant.......ccccceevvvviiiiinnie e -
@) Only for Medical Equipment
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Identification of the client

Oura Health Oy.
Elektroniikkatie 10
90590 Oulu, Finland

Testing period and place

Test Location DEKRA Testing and Certification S.A.U.
Date (start) 2021-09-07
Date (finish) 2021-10-20

Document history

Report number Description

67469RRF.002 2021-11-03 First release.

Environmental conditions

In the control chamber, the following limits were not exceeded during the test:

Min. = 15 °C
Max. = 35 °C
Min. =20 %

Max. =75 %

Temperature

Relative humidity

In the semianechoic chamber, the following limits were not exceeded during the test:

o

Temperature m:x :1355 0%
. o Min. = 20 %

Relative humidity Max. = 75 %

In the chamber for conducted measurements, the following limits were not exceeded during the test:

in = 0,
Temperature mg?x _=1355 0%
. . Min. =20 %
Relative humidity Max. = 75 %
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Remarks and comments

D DEKRA

The tests have been performed by the technical personnel: Jaime Barranquero and Victoria Olmedo.

Used instrumentation:

Conducted Measurements:

=

Shielded Room ETS LINDGREN S101

SIGNAL AND SPECTRUM ANALYZER 2Hz-
50GHz ROHDE AND SCHWARZ FSW50
OPEN SWITCH UNIT UP TO 40GHz
Rohde&Schwarz OSP-B157Wx

DC POWER SUPPLY 30V/3A 90W GW
INSTEK GPS-3030D

Digital Multimeter Fluke 175

Radiated Measurements:

Semianechoic Absorber Lined Chamber
ALBATROSS P29419

SHIELDED ROOM ALBATROSS P29419
ULTRALOG ANTENNA 30MHz-6GHz ROHDE
AND SCHWARZ HL562E_UPG

HORN ANTENNA 1-18GHz SCHWARZBECK
MESS- ELEKTRONIK BBHA 9120D

HORN ANTENNA 18-40GHz
SCHWARZBECK BBHA 9170
PREAMPLIFIER 30dB 500MHz-18GHz
SCHWARZBECK BBV 9718 C
PRE-AMPLIFIER G>30dB 18-40GHz BONN
ELEKTRONIK BLMA 1840-3G

EMI TEST RECEIVER 2Hz-44GHz ROHDE
AND SCHWARZ ESW44

Last Calibration

N.A.
2021/07

2021/03

N.A.

2020/11

Last Calibration

N.A.

N.A.
2019/10

2019/11

2021/03

2021/02

2019/11

2019/10

(*) Tests performed before expiration of calibration period.

Report No: (NIE) 67469RRF.002 Page 10 of 51

Due Calibration

N.A.
2023/07

2023/03
N.A.

2021/11

Due Calibration
N.A.

N.A.
2022/10

2022/11
2024/03
2022/02
2021/11

2021/10 (*)
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Testing verdicts

Not applicable: N/A
Pass: P
Fail: F

Not measured: N/M

Summary

1. Bluetooth Low Energy 5.0 (1M, 2M).

FCC PART 15 PARAGRAPH / RSS-247

Requirement — Test case Verdict Remark

FCC 15.247 (a)(2) / RSS-247 5.2 (a) 6 dB Bandwidth P

FCC 15.247 (b) / RSS-247 5.4 (d) Maximum output power and p
antenna gain

FCC 15.247 (d) / RSS-247 5.5 Band-edge emissions p
compliance (Transmitter)

FCC 15.247 (e) I RSS-247 5.2 (b) Power spectral density P

FCC 15.247 (d) / RSS-247 5.5 Emission limitations =
radiated (Transmitter)

Supplementary information and remarks:

None.

Report No: (NIE) 67469RRF.002 Page 11 of 51 2021-11-03



DEKRA Testing and Certification, S.A.U.
Parque Tecnoldgico de Andalucia, D E K R A
¢/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafia

C.I.F. A29507456

Appendix A: Test results. Bluetooth Low

Energy 5.0 (1M, 2M)
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INDEX
TEST CONDITIONS. ...ttt ettt e et e e e ekttt e e ekttt e e e e bbbt e e e e st e e e e e e nnbneeeeanees 14
Occupied BanAWITLh .........coooiii e 17
FCC 15.247 (a)(2) / RSS-247 5.2 (a) 6 dB Bandwidth ...............ooiiiiiiiiiiicc e, 20
FCC 15.247 (b) / RSS-247 5.4 (d) Maximum Output Power and Antenna Gain............c.cccceeeeeeeennn. 24
FCC 15.247 (d) / RSS-247 5.5 Band-Edge Emissions Compliance (Transmitter) .............ccccccvvnnnees 28
FCC 15.247 (e) / RSS-247 5.2 (b) Power Spectral DENSILY ..........cceiiiiiiiiiiiiiiciie e 31
FCC 15.247 (d) / RSS-247 5.5 Emission Limitations Radiated (Transmitter) ..............cccccvvveveeinnnnnns 35
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TEST CONDITIONS

POWER SUPPLY (*):
Vnominal: 3.7 Vdc
Type of Power Supply: Battery

ANTENNAS (*):
Type of Antenna: Integral

Maximum Declared Antenna Gain: -24.9 dBi

(*) Declared by applicant.

TEST FREQUENCIES:

Low Channel: 2402 MHz
Middle Channel: 2440 MHz
High Channel: 2480 MHz

CONDUCTED MEASUREMENTS

The equipment under test was set up in a shielded room and it connected to the spectrum analyser using a low-
loss RF cable. The reading of the spectrum analyser is corrected taking into account the cable loss.

SPECTRUM
EUT ANALYZER

The DC supply voltage is applied using an external power supply which output is monitored with a multimeter.

RADIATED MEASUREMENTS

All radiated tests were performed in a semi-anechoic chamber. The measurement antenna (Bilog antenna for the
range 30 MHz to 1000 MHz and Double ridged horn antenna for the range 1 to 17 GHz) is situated at a distance of
3 m for measurements up to 17 GHz and at a distance of 1 m for the frequency range 17 GHz-26 GHz (17 GHz-40
GHz horn antenna).

For radiated emissions in the range 17 GHz-26 GHz measured at a distance closer than the specified distance in
standard, an inverse proportionality factor of 20 dB per decade is used to normalize the measured data for
determining compliance.

The equipment under test was set up on a non-conductive platform above the ground plane and its situation and
orientation was varied to find the maximum radiated emission. It was also rotated 360° and the antenna height
(Bilog antenna and Double ridged horn antenna) was varied from 1 to 4 meters to find the maximum radiated
emission.

Measurements were made in both horizontal and vertical planes of polarization.

A resolution bandwidth/video bandwidth of 100 kHz / 300 kHz was used for frequencies below 1 GHz and 1 MHz /
3 MHz for frequencies above 1 GHz.
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Radiated measurements setup from 30 MHz to 1 GHz:

ANECHOIC CHAMBER
Measuring 360° ioz)iliﬁng
Antenna able
Device Und

‘ ‘ | 3 m distance Test
‘ I ]

S

AntennaMast
| (Antennaheight variation: 1-4 m)

Spectrum analyser

Shielded Control RoomFor
Radiated Measurements

Radiated measurements setup from 1 GHz to 17 GHz:

SVAVAVAAVAA NN
<
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Radiated measurements setup for f > 17 GHz:

VWWWWWVWWWAWWWWWWY

Preamplifier Hom antenna

EUT

x 3 B
1 m distance

Shielded control room for
radiated measurements

Spectrum
analyser
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Occupied Bandwidth

RESULTS:

e 1M modulation:

D DEKRA

Low Channel | Middle Channel | High Channel
2402 MHz 2440 MHz 2480 MHz
99% bandwidth (MHz) 1.070000 1.100000 1.120000
Measurement Uncertainty (%) <+1.17
- Low Channel:
99 % Bandwidth
D._
-0t
_ L
@ 20T
s L
©
3 30T
o] 1.070 MHz|
2401 24015 2402 2402,5 2403
Frequency in MHz
- Middle Channel:
99 % Bandwidth
5._
D._
-101
E
% -
£ 201
g
E R
-301
-40
2439 24395 2440 24405

Frequency in MHz
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High Channel:

D DEKRA

99 % Bandwidth

0T

-10T

Level in dBm

2480
Frequency in MHz

e 2M modulation:

Low Channel | Middle Channel | High Channel
2402 MHz 2440 MHz 2480 MHz
99% bandwidth (MHz) 2.065008 2.070648 2.087117
Measurement Uncertainty (kHz) <+10.40

Low Channel:

MultiView = Spectrum

Ref Level 20.00 dBm

Offset 0.72 d8 = RBW 50 kHz

= Att 2008 SWT 101 ms ® VBW 200 kHz Mode Sweep
1 Occupied Bandwidth k View
mi[1] 2,36 dBm
2,402 020 00 GHz
10 t
w1
A
o ~ |
YaAvavan
" AL
T ~
la -
-20 :
\
-30 =
/ IR aYAN
a0 \ L - -
e ,
T, A
A ~ . s
-60
0
CF 2,402 GHz 1000 pts 800.0 kHz/ Span 8,0 MHz

M1 1 2.40202 GHz 2.36 dBm Qcc Bw 2.065008032 MHz
Ti 1 2,401 00402 GHz -15.09 dBm Occ Bw Centrold 2,402036 52 GHz
12 L 2.40306902 GHz -14.67 dBm Occ Bw Freg Offset 36.520341 822 kHz
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- Middle Channel:

MultiView “ Spectrum .
Ref Level 20.00 dBm  Offset 0,72 dB ® RBW 50 kHz
= Att 20d8  SWIT 101 ms ® VBW 200 kHz Mode Sweep
M1[1]
2,440 02000 ¢
10 di
T
A
0
/v v - e
-10 T T
Ly .
/
20 \_‘
e A
30 db 7 - /
/ A / \ Ay \\
A\ N J
40 — / avl - 3 <
A ~.
Y .
50 - 7 S T
PRy v -
“60
70 08y
CF 2,44 GHz 1000 pts 800.0 kHz/ Span 8,0 MHz
2 Marker Table
M1 1 2.44002 GHz 2.48 dBm Qce Bw 2.070648 329 MHz
T1 1 2.43900099 GHz -14.84 dBm Oce Bw Centroid 2,440036 315 GHz
T2 1 2.441 071 64 GHz -14.46 dBm Occ Bw Freq Offset 36314793511 kHz
- High Channel:
MultiView = Spectrum .
Ref Level 20.00 dBm Offset 0.72 d6 ® RBW 50 kHz

- ALt 20dB SWT 101 ms ® VBW 200 kHz Mode Sweep
]

N RAYaY l\"\—u»m\,\

-30 — i
[T
40 / )
s ‘._‘v\_
50 7 Y \
et P A
-60
-70
CF 2,48 GHz 1000 pts 800.0 kHz/ Span 8,0 MHz
2 Marker Table
M1 1 2.48002 GHz 2.32dBm Qcc Bw 2.087117 045 MHz
TL 1 2.47899406 CHz -15.35 dBm Occ Bw Centroid 2.480037617 GHz
T2 1 248108118 GHz -15.19 dBm Qcc Bw Freg Offset 37.616671 92 kHz
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FCC 15.247 (a)(2) / RSS-247 5.2 (a) 6 dB Bandwidth

SPECIFICATION:

The minimum 6 dB bandwidth shall be at least 500 kHz.

RESULTS:

e 1M modulation:

Low Channel | Middle Channel | High Channel
2402 MHz 2440 MHz 2480 MHz
6 dB Spectrum bandwidth (MHz) 0.772278 0.732674 0.732674
Measurement uncertainty (%) <+2.84

Verdict: PASS

- Low Channel:

6 dB Bandwidth

15T
10T

Level in dBm

2402 24025 2403

Frequency in MHz

2401 2401.5
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- Middle Channel:

151
10T

Level in dBm

D DEKRA

6 dB Bandwidth

- High Channel:

101

Level in dBm

2440 2440,5 2441
Frequency in MHz

6 dB Bandwidth

2480 2480,5 2481
Frequency in MHz
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e 2M modulation:

Low Channel | Middle Channel | High Channel

2402 MHz 2440 MHz 2480 MHz
6 dB Spectrum bandwidth (MHz) 1.170000 1.180000 1.180000
Measurement Uncertainty (kHz) < +14.44

Verdict: PASS

- Low Channel:
MultiView “ Spectrum .
Ref Level 20.00 dBm  Offset 0.72 d8 ® RBW 100 kHz
= Att 20d5  SWT 1 ms & VBW 300 kHz Mode Swesp
Mi[1] 2.49 dBm
2.402 017 50 GHz
10 dl )
e
)L
o - S — 1
_/_‘/ —— L
10 S
\
4 “\
20
-
S~ L
30 VAR ——
Iy )7’_\\.— h
S “ ,/ | f .
40 =
e RN
-80
=60
-70
CF 2.402 GHz 1000 pts 500.0 kHz/ Span 5.0 MHz
2 Marker Table
[
1 2.402017 5 GHz 2.49 dBm nd& .0 dB
TL 1 24014375 GHz -3.41 dBm ndg down BW 1.17 MHz
T2 1 2.402607 5 GHz -3.62 dBm Q Factor 20530
- Middle Channel:
MultiView = Spectrum .
RefLevel 20.00 dBm  Offset 0,72 dB ® RBW 100 kHz
- Att 20d8  SWT 1 ms & VBW 300 kHz Mode Sweep
1 Frequency Sweep 1Pk View
Mi[1] 2.66 dBm
2.440 017 50 GHz
10 df
]
=,
N —~ -
7 — — %
s - |
o~ e
10 —F
~ AN
0 - N .
N
\‘x.
30 e — =
- S, 7 p
L | e \
-40 = i —
! ~
-50
=60
-70
CF 2.44 GHz 1000 pts 500.0 kHz/ Span 5.0 MHz
2 Marker Table
[
1 2.440017 5 GHz 2.66 dBm nd& ©.0 dB
TL 1 2.439437 5 GHz -3.05 dBm nd8 down BW 1.18 MHz
T2 1 2.4406125 GHz -3.48 dBm Q Factor 20766
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- High Channel:

MultiView “ Spectrum

Ref Level 20.00 dBm  Offset 0.72 dB ® RBW 100 kHz

- Att

1 ms ® VBW 300 kHz

Mode Sweep

-30 e
- o ~
ey L
-40 =
el A
-s0
-80
-70
CF 2.48 GHz 1000 pts 500.0 kHz/ Span 5.0 MHz

1 2.480022 5 GHz 2.52 dBm nda 6.0 dB
TL 1 2.4794325 GHz -3.57 dBm ndB down BW 1.18 MHz
T2 1 2.4806125 GHz -3.37 dBm Q Factor 21017
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D DEKRA

FCC 15.247 (b) / RSS-247 5.4 (d) Maximum Output Power and Antenna Gain

SPECIFICATION:

For systems using digital modulation in the 2400-2483.5 MHz band: 1 Watt (30 dBm).
The e.i.r.p. shall not exceed 4 W (36 dBm) (RSS-247).

RESULTS:

The maximum peak conducted output power level of the fundamental emission was measured according to clause
11.9.1.1 “RBW = DTS bandwidth” of ANSI C63.10-2013.

The EIRP power (dBm) is calculated by adding the declared maximum antenna gain to the measured
conducted power.
Maximum Declared Antenna Gain: -24.9 dBi

e 1M modulation:

Low Channel Middle Channel High Channel
2402 MHz 2440 MHz 2480 MHz
Maximum Conducted Power (dBm) 1.60 1.70 1.80
Maximum EIRP Power (dBm) -23.30 -23.20 -23.10
Measurement Uncertainty (dB) < +0.80

The maximum directional gain of the antenna is less than 6 dBi and therefore the maximum output power is not
required to be reduced from the stated values.

Verdict: PASS

- Low Channel:
Peak Power
30T
201
c B
S 10T
£ |
o
s Of
—
10T
2400,5 2401 2401.,5 2402 24025 2403 2403,5
Frequency in MHz
Connector 1 X Peak Connector 1
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- Middle Channel:

Peak Power
30T
201
c B
g 10T
£ |
o
s Of
)
-10T
I I I } I } I I } I I |
2438,5 2439 2439,5 2440 2440,5 2441 24415
Frequency in MHz
Connector 1 X Peak Connector 1
- High Channel:
Peak Power
30T
201
e B
S 10T
£ »
o
s Of
—
10t
24785 2479 2479,5 2480 2480,5 2481 2481,5
Frequency in MHz
Connector 1 X Peak Connector 1
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e 2M modulation:

Low Channel Middle Channel High Channel
2402 MHz 2440 MHz 2480 MHz
Maximum Conducted Power (dBm) 2.51 2.72 2.56
Maximum EIRP Power (dBm) -22.39 -22.18 -22.34
Measurement Uncertainty (dB) <+1.85

The maximum directional gain of the antenna is less than 6 dBi and therefore the maximum output power is not
required to be reduced from the stated values.

Verdict: PASS

MultiView Spectrum -
Ref Level 20.00 dm  Offset 0.72 d6 ® RBW 2 MHz
= Att 20d8  SWT 1ms ® VBW 10 MHz Mode Sweep
1 Frequency Sweep 1Pk View
MI[1] 2,51 dBm
2.401 54500 GHz
10
u |
] — — — —
~ T ~
10 — N
L
| .
20 — .
~ -
i ™ .
-40
=80
=60
-70
CF 2.402 GHz 1000 pts 1.0 MHz/ Span 10.0 MHz
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- Middle Channel:

MultiView = Spectrum .
Ref Level 20.00 dBm  Offset 072 d8  RBW 2 MHz

- Att 20 dB SWT 1ms ® VBW 10 MHz Mode Sweep
Mi[1] 2,72 dém
2,439 555 00 GHz
10 di
M1
— —
. — —
10 =
-20 =
20 et i S S
40
-50
-60
70
CF 2,44 GHz 1000 pts 1.0 MHz/ Span 10,0 MHz

- High Channel:

MultiView = Spectrum .

Ref Level 20.00 dBm Offset 0.72 dB ® RBW 2 MHz

20d8 SWT  imse VBW 10MHz Mode Sweep
ep 1
Mi[1] 2,56 dBm
2,479 51500 GHz
1
w1
Y
— ——
o P —
-
-10 ~ —
/'/
- e
-z0 =
e
s T
=" [,

40
-s0
50
70
CF 2.48 GHz 1000 pts 1.0 MHz/ Span 10.0 MHz
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FCC 15.247 (d) / RSS-247 5.5 Band-Edge Emissions Compliance (Transmitter)

SPECIFICATION:

In any 100 kHz bandwidths outside the frequency band in which the intentional radiator is operating, the radio
frequency power that is produced by the intentional radiator shall be at least 20 dB below that in the 100 kHz
bandwidth within the band that contains the highest level of the desired power, based on either an RF conducted or
a radiated measurement, provided the transmitter demonstrates compliance with the peak conducted power limits.
If the transmitter complies with the conducted power limits based on the use of RMS averaging over a time interval,
the attenuation required under this paragraph shall be 30 dB instead of 20 dB.

RESULTS:
e 1M modulation:

- Low Channel:

Band Edge

Level in dBm

2310 2350 2400 2450 24835
Frequency in MHz
Limit Sum Level X Fail
- High Channel:
Band Edge

Level in dBm

2400 2420 2440 2460
Frequency in MHz
Limit Sum Level X Fail
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The attenuation of the highest emissions at the band edges is more than 20 dB respect to the highest level of
the desired power.

Verdict: PASS

Measurement Uncertainty (dB) < +1.76
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e 2M modulation:

- Low Channel:

MultiView = Spectrum

Ref Level 20.00 dBm  Offset 0.72 d8 ® RBW 100 kHz
- Att 20dB SWT 10 ms ® VBW 300 kHz Mode Sweep
1 Frequency Sweep

D2[1]

1Pk View
31.57 dB
2,026 60 MHz

M1[1]

.40 dBm.
2.402 02500 GHz,

%MW

CF 2,4 GHz

- High Channel:

10000 pts 2.0 MHz/ Span 20,0 MHz
MultiView = Spectrum .
Ref Level 20.00 dBm  Offset 0.72 d8 ® RBW 100 kHz
- Att 20dB SWT 10 ms ® VBW 300 kHz Mode Sweep
1 Frequency Sweep 1Pk View
D2[1] 52.41 d
3,518 70 MHz
10 db M1[1] A1 dBm.
W1 2,480 027 00 GHz
A
/ Wl Ny
10 .\'\J’\
e ) \
20 . {j'
w /AW/ \fvf.
40 // \‘
W W%mm
PW«"-'-';,!- b At i s .
L " h A
v
|

CF 2,4835 GHz

10000 pts

2.0 MHz/

Span 20.0 MHz

The attenuation of the highest emissions at the band edges is more than 20 dB respect to the highest level of

the desired power.

Verdict: PASS

Measurement Uncertainty (dB) < +3.00
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FCC 15.247 (e) /| RSS-247 5.2 (b) Power Spectral Density

SPECIFICATION:

D DEKRA

For digitally modulated systems, the power spectral density conducted from the intentional radiator to the antenna
shall not be greater than 8 dBm in any 3 kHz band during any time interval of continuous transmission.

RESULTS:

The maximum power spectral density level of the fundamental emission was measured according to clause 11.10.2
“Method PKPSD (peak PSD)” of ANSI C63.10-2013.

e 1M modulation:

Low Channel Middle Channel High Channel
2402 MHz 2440 MHz 2480 MHz
Power Spectral Density (dBm) -4.665 -4.660 -5.005
Measurement Uncertainty (dB) <#0.99

Verdict: PASS

- Low Channel:

Peak Power Spectral Density

Level in dBm

240125 24014

Limit
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- Middle Channel:

Peak Power Spectral Density

10T
=
[ia)
©
£
°
=
(1]
-
243925 24394 24396 24398 2440 24402 24404 24406 2440,75
Frequency in MHz
Limit ——  SumLevel 4 PSD
- High Channel:
Peak Power Spectral Density
10T
S
fis)
o
£
°
=
[i}]
-

247925 24794 24796 24798 2480 2480,2 24804 2480,6 2480.75

Frequency in MHz

Limit ——  Sum Level ¢ PSD
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e 2M modulation:

D DEKRA

Low Channel Middle Channel High Channel
2402 MHz 2440 MHz 2480 MHz
Power Spectral Density (dBm) 2.42 2.57 2.41
Measurement Uncertainty (dB) <#1.91
Verdict: PASS
- Low Channel:
Multiview “ Spectrum .
Ref Level 20.00 dBm  Offset 0.72 dB ® RBW 100 kHz
- ALt 20dB  SWT 1 ms ® VBW 300 kHz Mode Sweep
M1[1] 2,42 dBm
2,402 027 20 GHz
0 — —t— p— — ——— T
f-10. =
=30
40
=70
CF 2,402 GHz 1000 pts. 175.5 kHz/ Span 1.755 MHz
- Middle Channel:
Multiview = Spectrum .
Ref Level 20.00 dBm  Offset 0,72 dB ® RBW 100 kHz
- ALt 20dB  SWT 1 ms ® VBW 300 kHz Mode Sweep
Mi1[1]] 2.57 dBm
2,440 027 40 GHz
o = — — = = — —————
10 = = B
=30
40
=70
CF 2.44 GHz 1000 pts 177.0 kHz/ Span 1.77 MHz
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- High Channel:

MultiView * Spectrum

RefLevel 20.00 dBm  Offset 0,72 dB ® RBW 100 kHz
® Att 20dB  SWT 1 ms & VBW 300 kHz
1 Frequency Sweep

Mode Sweep

M1[1] 2,41 dBm

2.480 027 40 GHz.

16

I e S ————

CF 2.48 GHz

1000 pts

177.0 kHz/

Span 1.77 MHz
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FCC 15.247 (d) / RSS-247 5.5 Emission Limitations Radiated (Transmitter)

SPECIFICATION:

Radiated emissions which fall in the restricted bands, as defined in Section 15.205(a), must also comply with the
radiated emission limits specified in Section 15.209(a) (see Section 15.205(c)/RSS-Gen):

Frequency Range Field strength (uV/m) Field strength Measurement
(MHz) (dBuV/m) distance (m)
0.009 — 0.490 2400/F(kHz) - 300
0.490 - 1.705 24000/F(kHz) - 30
1.705-30.0 30 - 30
30-88 100 40 3
88 — 216 150 43.5 3
216 - 960 200 46 3
960 — 1000 500 54 3

The emission limits shown in the above table are based on measurements employing CISPR quasi-peak detector
except for the frequency bands 9-90 kHz, 110-490 kHz and above 1000 MHz. Radiated emission limits in these
three bands are based on measurements employing an average detector.

For average radiated emission measurements above 1000 MHz, there is also a limit specified when measuring with
peak detector function, corresponding to 20 dB above the indicated values in the table.

RSS-247:

Attenuation below the general field strength limits specified in RSS-Gen is not required.

RESULTS:

The situation and orientation of the equipment under test was varied to find the maximum radiated emission. It was
also rotated 360° and the antenna height was varied from 1 to 4 meters to find the maximum radiated emission.

Measurements were made in both horizontal and vertical planes of polarization.

All tests were performed in a semi-anechoic chamber at a distance of 3 m for the frequency range 30 MHz —
17 GHz and at distance of 1m for the frequency range 17 GHz — 26 GHz.

The field strength is calculated by adding a correction factor to the measured level from the spectrum analyzer.
This correction factor includes antenna factor, cable loss and pre-amplifiers gain.
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e 1M modulation:

Frequency range 30 MHz — 1 GHz:

The spurious frequencies detected do not depend on the operating channel.

Spurious frequencies detected at less than 20 dB below the limit:

D DEKRA

Spurious frequency Emission Level Detector Polarization Measurement
(MH2z) (dBuVv/m) Uncertainty (dB)
47.4115 26.73 Quasi-Peak V
54.2500 29.03 Quasi-Peak V
65.5020 27.36 Quasi-Peak \Y
68.5575 24.67 Quasi-Peak V
78.0635 22.35 Quasi-Peak \% <+5.15
81.3130 30.26 Quasi-Peak V
88.1030 36.91 Quasi-Peak V
169.4860 33.61 Quasi-Peak H
196.5975 30.32 Quasi-Peak V
345.7835 37.38 Quasi-Peak H

Frequency range 1 — 26 GHz:

- Low Channel:

No spurious frequencies detected at 20 dB below the limit.

- Middle Channel:

No spurious frequencies detected at 20 dB below the limit.

- High Channel:

No spurious frequencies detected at 20 dB below the limit.
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e 2M modulation:

Frequency range 30 MHz — 1 GHz:

The spurious frequencies detected do not depend on the operating channel.

Spurious frequencies detected at less than 20 dB below the limit:

D DEKRA

Spurious frequenc Emission Level . Measurement
P (MHz)q y (dBuV/m) Detector Polarization Uncertainty (dB)
33.8800 29.78 Quasi-Peak \%
40.6700 32.63 Quasi-Peak \%
54,2015 34.31 Quasi-Peak \%
67.7815 26.92 Quasi-Peak \%
745715 29.67 Quasi-Peak \% <+5.15
94.8930 31.49 Quasi-Peak \%
101.6830 36.48 Quasi-Peak \%
108.4730 34.96 Quasi-Peak \%
196.5975 34.20 Quasi-Peak H
291.5120 36.17 Quasi-Peak H

Frequency range 1 — 26 GHz:

- Low Channel:

No spurious frequencies detected at 20 dB below the limit.

- Middle Channel:

No spurious frequencies detected at 20 dB below the limit.

- High Channel:

No spurious frequencies detected at 20 dB below the limit.

Verdict: PASS

Measurement Uncertainty:
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e 1M modulation:
FREQUENCY RANGE 30 MHz — 1 GHz:

The spurious frequencies detected do not depend on the operating channel.

D DEKRA

60 FCC 18247 QP
50
E a0
) ‘ 4 x|',||
© N ||
c 3i o | I | W il
= il st
S 20 * N I ||||| ’ L | It
3 e, LS
10 o
04 } } ——t } } } } } ——t !
30M B0 B0 80 100k 200 300 400 500 a00 1G
Frequency in Hz
—  Preview Besult 1K+ Presview Result 1HPK+ FCC15.247 QPK
®  Final_Resutt OPK ¢ Final_Result PK+

This plot is valid for the Low, Middle and High Channels.

FREQUENCY RANGE 1 - 3 GHz:

- Low Channel:

TEE _ FCC 158247 Resiricted Bands PK
g 70T
= 4
=
% m-- a1 '5- TPt 'u--'-' = mee
E FESS 4T .—:Etri#-:l.Ela.ﬂ-dvs G
- F==sz==z=z====: = e R B T e T — —_—
T PRSP TATE o . - o = *
& 8509 s - o M
= 1 N

40+ = : : 1

1G 2G

Frequency in H=

G

Preview Result 2V-AVG
Preview Result ZH-AVG
FCC 15.247 Restricted Bands PK s
» Final_Result FK+ »

Preview Result 1W-PK+
Preview Result 1TH-PK+

Final_Result AVG

The peak above the limit is the carrier frequency.

FCC 15.247 Restricted Bands AVG
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Middle Channel:

D DEKRA

Freguency in Hz

ToF P FCC_ 15247 Rechricted Baods P
g 70T
= 4
=
% =T a b o [D et e ke
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E . L “!,. _'.| ..:-. T .“... .__ r-".:-.:l "--:.‘..- s - -
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G

Preview Result 1WV-PK+
Preview Result 1H-PK+

Preview Result 2V-AVG
Preview Result ZH-AVG

= FCC 15.247 Restricted Bands PK —--—' FCC 15.247 Restricted Bands AVG
L 3 Final_Result PK+ Final_Result AVG
The peak above the limit is the carrier frequency.
- High Channel:
TEE e BCC 15247 Resiricted Baods P
g 70T
= 1
=9
c 1 Festiigted Rands-aws"
S A iadeoplol B e AP S T W e
E EOq - e . e g - )
1 1 - .:...4 i Y -
- RIS S i
40 4+——= - } |
1G 2G G
Freguency in Hz
Preview Result 2V-AVG Preview Result 1V-PK+
Preview Result 2H-AVG Preview Result 1H-PK+
= FCC 15.247 Restricted Bands PK —--—" FCC 15.247 Restricted Bands AVG
» Final_Result PK+ » Final_Result AVG

The peak above the limit is the carrier frequency.
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This plot is valid for the Low, Middle and High Channels.
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The peak above the limit is the carrier frequency.
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The spurious frequencies detected do not depend on the operating channel.
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This plot is valid for the Low, Middle and High Channels.
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