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1. HONEYWELL INTERNATIONAL INC
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Auftraggeber:
Client: STATES
2. Honeywell LTD
500 Brooksbank Avenue, North Vancouver, BC, V7J 354; Canada
Prufgegenstand: Industrial RTLS
Test item:

Bezeichnung
Identification

OW-RTLTG2

Serien -Nr.
Serial no.: 14W23C12345678912

Auftrags-Inhalt:
Order content:

Testing and issue of Test Report and Grant Certificate

Prifgrundlage:
Test specification:

FCC Part 15 Subpart C 15.247,15.205 & 15.209
RSS 247 Issue 2,RSS Gen Issue 5

Wareneingangsdatum:
Date of sample receipt:

2021-12-16

Prafmuster-Nr.:
Test sample no:

A003238199-001

Prifzeitraum:
Testing period:

2021-12-16 - 2021-12-30

Ort der Prifung:
Place of testing:

Wireless laboratory,
Bangalore

Priflaboratorium:
Testing laboratory:

TUV Rheinland (India) Pvt.
Ltd. 27/B,2nd cross road,
Electronic city Phasel,
Banglore-560100, India

FCC Test Site Registration
No: 496599

IC Test Site Registration
Number: 3665-1

Prufergebnis*:
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Sonstiges / Other:
IC: 573W-51460078

Zustand des Priifgegenstandes bei Anlieferung:
Condition of the test item at delivery:

Priafmuster vollstandig und unbeschadigt
Test item complete and undamaged

* Legende: 1 =sehr gut 2 =gut 3 = befriedigend 4 = ausreichend 5 = mangelhaft
P(ass) = entspricht 0.g. Prifgrundlage(n) F(ail) = entspricht nicht o0.g. Prifgrundlage(n) N/A = nicht anwendbar gge:tglcht
* Legend: 1 = very good 2 =good 3 = satisfactory 4 = sufficient 5 = poor

P(ass) = passed a.m. test specification(s)

F(ail) = failed a.m. test specification(s)

N/A = not applicable N/T = not tested

Dieser Prifbericht bezieht sich nur auf das o0.g. Prifmuster und darf ohne Genehmigung der Priifstelle nicht
auszugsweise vervielfaltigt werden. Dieser Bericht berechtigt nicht zur Verwendung eines Priifzeichens.
This test report only relates to the a. m. test sample. Without permission of the test center this test report is not permitted to be
vos duplicated in extracts. This test report does not entitle to carry any test mark.
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Mail: info@ind.tuv.com - Web: www.ind.tuv.com
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TEST SUMMARY
Applicable Standard
Test Item Result
FCC ISED

: RSS 247 Issue 2,
Maximum conducted (average) output power FCC 15.247 (b)(3) Section 5.4 (d) Pass

. . RSS 247 Issue 2,
Maximum Power Spectral Density FCC 15.247(e) Section 5.2 (b) Pass

. RSS 247 Issue 2,
DTS Bandwidth FCC 15.247(a)(2) Section 5.2 (a) Pass

o : . RSS 247 Issue 2,
Emissions in non-restricted frequency bands FCC 15.247(d) Section 5.5 Pass
Spurious Radiated Emissions and Restricted FCC 15.209 / FCC RSS-Gen Issue 5, Pass

Bands of Operation 15.205 Section 8.9 /8.10

Product Category: Electronics Testing
Test Discipline: EMC Test Facility
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1 GENERAL REMARKS

1.1 Attachments

All attachments are part of this test report and are issued in separate document

© © N o o &> w N BB

Test Setup photos
EUT External Photos

EUT Internal Photos

Block Diagram
Specification of EUT
Schematic Diagrams
Bill of Material

User Manual

FCC Label and Label Location

10. Maximum Permissible Exposure Information
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2.1 Testing Facilities
1. TUV Rheinland (India) Pvt.Ltd., 2. TUV Rheinland (India) Pvt.Ltd.,
27/B, 2nd Cross, 108 , Beside ISBR Business School,
ElectronicCityPhasel Electronic city Phase |
Bangalore — 560 100, Bangalore - 560 100,
India India
2.2 List of Test and Measurement Instruments
Table 1: List of test and measurement instruments
Equibment Manufacturer Model Serial Firmware | Calibration Periodicit Test
quip Name Number | Versions Due Date y Facility
Active loop FMZB 1519B-
antenna Schwarzbeck 1519 B 00111 - 27.04.2022 Yearly
BBA
Balun &
L Schwarzbeck 9106+V 9124-
Biconical Mess-Elektronik HBB 1117 - 25.02.2022 Yearly
Antenna
9124
Pel;i%%i_cal Schwarzbeck | VUSLP | 9111B- . 24.02.2022 | Yearly
Antenna Mess-Elektronik 9111B 324 Radiated
BBHA 9120D- Spurious
Horn Antenna Schwarzbeck 9120 D 1944 - 11.05.2022 Yearly Emission
Semi Anechoic Frankonia ) i i i i
Chamber
Fully Anechoic
Chamber Albatross - - - - -
EMI Receiver Rohde & ESW 44 | 101732 | 4.73.SP5 | 19.05.2022 | Yearly
Schwarz
EMI Receiver Rohde & ESW44 | 101773 | 1.72SP1 | 27.01.2022 | Yearly
Schwarz
Spectrum . US41192
Analyzer Agilent E4407B 779 A.14.06 15.12.2022 Yearly
Table 2: Instrument application Software versions
SL. No. Test Type Application Version
software
1 Radiated spurious emission measurement in EMC 32 10.60.00
FAC
1 Radiated spurious eg&scflon measurement in BAT EMC 3.20.0.17
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3 GENERAL PRODUCT INFORMATION

3.1 Product Function and Intended Use

RTLS Tag is a personnel wearable Industrial wireless Tag operating at 2.4 GHz ISM band. It is a compact,
light, and simple battery-operated device that will be wearable handily using a clip accessory. The RTLS Tag
communicates with FDAP32 Anchors to enable Real-time location tracking. It is an intrinsically safe classl/divl
certified device with a battery life lasting up to 3 years. The RTLS Tag has an IP65 rating and the ability to operate in
harsh environments. The RTLS Tag can also be mounted and used for asset tracking.

3.2 Ratings and System Details of EQuipment under Test

Table 3: Ratings and System Details as declared by Client*

Protocol

IEEE 802.15.4

Operating Frequency
Range

2405 MHz — 2475 MHz

No. of Channels 15
Channel Spacing 5MHz
Tx Transmitting Power 8 dBm

Maximum Measured Power

8.50dBm at 2405MHz Frequency

Modulation DSSS (0O-QPSK)
Data Rate 250kbits/sec
Number of antennas 3

Antenna Gain & Antenna
Type

1. Chip Antenna 2.4GHz - Chip RF Antenna 2.4GHz ~2.5GHz 0.5dBi
Solder Surface Mount 2450AT18A100E 0.5dbi (Peak Gain)

2. Chip Antenna 2.4GHz - Chip RF Antenna 2.4GHz ~ 2.5GHz 0.5dBi
Solder Surface Mount 2450AT18A100E 0.5dbi (Peak Gain)

3. Chip Antenna 2.4GHz - Bluetooth Chip RF Antenna 2.4GHz ~
2.483GHz 1.7dBi Solder Surface Mount W30081.1dBi(Peak
Gain)

Supply Voltage to Product

3.6 V DC Battery Supply

Environmental conditions

Operating temperature is -20 deg to +60 deg

EUT Dimension

88 mm height x 62.5 mm length x 20.6 mm width

*Disclaimer: The information/data is supplied by the client and the same is considered to arrive at the final value.
Any changes made apart from the specified specification, can directly impact on the tests results. Refer the products
user manual for more details.
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3.3 Measurement

Uncertainty:

Table 4: Measurement Uncertainty

Reported uncertainties represent expanded uncertainties expressed at approximately the 95% confidence level
using a coverage factor of k = 2

Parameter Uncertainty

Occupied Channel Bandwidth 5 %
RF output power, conducted +1.5dB
Power Spectral Density, conducted +3 dB
Unwanted Emissions, conducted +3dB
All emissions, radiated 16 dB
Temperature 3 C

Supply Voltages +3 %

Time 5 %

Note: The Listed Measurement Uncertainties are the worst-case uncertainty, for the respective test cases. Above
Table is for reporting purpose only and not used in determining Final Pass/Fail verdict.
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4 TEST SET-UP AND OPERATION MODE

4.1

4.2

4.3

4.4

4.5

Principle of Configuration Selection
Transmission was enabled with highest possible duty cycle transmission on low, mid and high channel.

Test Operation and Test Software
Hardware Version: OW-RTLTG2

Software Version: R100.1-15.0
Hardware version of identification Number (HVIN): OW-RTLTG2

Firmware version of identification Number (FVIN): R100.1-15.0

Special Accessories and Auxiliary Equipment

None

Simultaneous Transmission

IEEE 802.15.4 (DTS) and Proprietary (FHSS) will not be able to transmit simultaneously and also Antenna 1
and Antenna 2 will not be able to transmit simultaneously.

Countermeasures to achieve EMC Compliance

None
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4.6 List of frequencies

Frequency Band Channel No. Channel Frequency

(MHz) (MHz)

01 2405

02 2410

03 2415

04 2420

05 2425

06 2430

2400 — 2483.5 07 2435
08 2440

09 2445

10 2450

11 2455

12 2460

13 2465

14 2470

15 2475

Channel used for EUT testing
Channel low : 2405MHz
Channel mid : 2440MHz
Channel High : 2475MHz

Note:

1. TUV Sample Identification number :

Table 5: List of EUT Center frequencies

A003238199-001 — Radiated & Conducted test Sample
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5 Operational Description

The RTLS Tag (Real time location Sensing) is an RF radio module which detects and calculates the position of
the asset/person carrying the module within an installation. The RTLS Tag works in tandem with the Anchor (module)
to calculate the position information. The RTLS Tag is an intrinsically safe module expected to be worn as a badge
on a person or fixed to an asset within an installation. The RTLS Tag is a battery-operated compact module. Block

diagram of the Tag is shown below. All the frequency generating components are marked.

6 Block Diagram

Antennas (1 and 2)

[{Tx and Rx)
|
\ \
! \
| '
H Radio .
i (Base) T
i Board - RF Front End
i SKYAZ1003
| ‘us
i
r (= i € it (2vY veC radio
el I | Power Power Sw 1 Antennas (3)
o | I Supply {Rx Oniy)
]
| [saper 32.768KHz \/
Battery | Cap
| vee Swa
! 3 G1
5
= i r—- Power 5w 2 o
e ' ver e vez it Wakeup
battery I .
i T T Receiver
AR 3.6V i AzcERrTmEEr vez radio l
i ; o .
| m STM32L462RE = 2.4GHz Radio
i RETR = Radio Transciever
i 5T ATBGRF215
l_ i —-—- FPGA N

G200

G201
26MHz

: Not installed
us

128Mhz

Note: Red block indicates the crystal and scilator FH101RF

¥ N Not Installed

J2.768KHz
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/ TEST METHODOLOGY

7.1 Radiated Emission Test

The radiated emission measurement was performed according to the procedures in ANSI C63.10-2013.

The equipment under test (EUT) was placed at the middle of the 80 cm high turntable for below 1 GHz

& 1.5 m height for above 1 GHz measurement, and the EUT is 3 meters far from the measuring antenna.

The turntable was rotated 360° for obtaining the maximum emission. The height of the measuring

antennas was scanned between 1 m and 4 m, and the antenna rotated to repeat the measurements for

both the horizontal and vertical antenna polarizations. Repeat the measurement steps until the

maximum emissions were obtained. The measurement above 1000 MHz was performed by horn

antenna, The measurement below 30 MHz was performed by loop antenna, Measurement from 30 MHz

to 200 MHz was performed by Baloon and Biconical Antenna, and mesurement from 200 MHz to 1 GHz

was performed by Log-Periodic Antenna.

The EUT was rotated around the X-, Y-, and Z-Axis and the results from worst case axis are recorded

7.1.1 Test Setup Configuration

I

EUT

3m test distance
H:‘ > > EMI-Receiver

Hp

\

Figure 1: Frequency Range 9 kHz- 30 MHz

Semi-anechoic

3m

Pre-Amplifier Measuring Receiver/

F 3
Y -

EUT

Spectrum Analyzer

= o —=

Turntable \-/

Figure 2: Frequency Range 30 MHz — 200 MHz
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Semi-anechoic Chamber

3m

F 3
Y

Measuring Receiver /
Spectrum Analyzer

| Pre-Amplifier

EUT

y Turntable

Ground Plane

Figure 3: Frequency Range 200 MHz - 1GHz

Fully anachoic Chamber

| i - Measuring Receiver /
Pre-Amplif

EUT re-Ampitier Spectrum Analyzer

, 1 Tumtable 5

30 CMI

1

Figure 4: Frequency Range above 1 GHz
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8 TEST RESULTS

Result

Test Specification

Test Method
Measurement Bandwidth
Detector

Port of testing

Requirement

EUT

8.1 Maximum Average Conducted Output Power

Pass

FCC part 15 Subpart C 15.247 (b)(3) / RSS 247 Issue 2,
Section 5.4 (d)

Subclause 11.9.2.2.2 of ANSI C63.10
100KHz

Average

Antenna port

Power <1 W (30 dBm) & e.i.r.p <4 W (36 dBm)

Spectrum Analyzer

Test Condition
Normal Test Condition:

Temperature (Norm) = + 23.0 °C

KDB Guidelines applied:

10 dB attenuator

Voltage = 3.6V DC through DC Supply Relative humidity: 64%

Measurements were made as per section 8.3.2.2 in KDB 558074 D01 15.247 Measurement Guidance v05r02.
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Note:

Test results:

1. All the losses are included during measurement and final values are mentioned in the test report
2. Total Peak Output power (dBm) = Measured Peak power (dBm) + Attenuator factor (10dB) +

Cable loss (1.6dB)
3. This product do not support additional beamforming gain / directional gain, it uses single antenna and hence

Directional gain of the single antenna is 0.5 dBi

Measured | Measured . .
Maximum | Maximum .

Channel Average Average . : X Power e.i.r.p

Data e.i.r.p e.i.r.p Maximum -y I
rate Frequency Power Power (ANT-1) (ANT-2) Limit limit
(MHz) (ANT-1) (ANT-2) (dBm) (dBm) (dBm) (dBm) (dBm)

(dBm) (dBm)

2405 8.32 8.44 8.82 8.94 30 36

250Kbps 2440 8.16 8.25 8.66 8.75 30 36

2475 7.74 7.77 8.24 8.27 30 36

Antenna 1

Channel Power

8.32dBm /2.2112 MHz

Ch Freq 2405 GHz Trig Free

Channel Power Averages: 100 -
Mkr1 2.404567 GHz
Ref 8.6 dBm Atten 10 dB -1.878 dBm
#Avg <
Log Pl o T
—

dB/ o
Offst [~ 1 I
11.6
dB
Center 2.405 GHz Span 5 MHz
#Res BYV 100 kHz #VBW 300 kHz  Sweep 19.98 ms (1000 pts

Power Spectral Density

-55.13 dBm/Hz

Channel Frequency: 2405MHz
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Channel Power

Ch Freq 2.44 GHz
Channel Power
Mkr1 2.439617 GHz
Ref 8.6 dBm Atten 10 dB -1.739 dBm
#Avg <
1 kil -..-.—.,_“_‘_H

Log e N
10 - =
dB/ = M e,

‘[ =SSt =l L T
11.6
dB
Center 2.44 GHz Span 5 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 19.98 ms (1000 pts

Power Spectral Density

8.16 dBm /2.2268 MHz -55.31 dBm/Hz

Channel Frequency: 2440MHz

Ch Freq Trig Free

Channel Power Averages: 100 -
Mkr1 2.474892 GHz
Ref &.6 dBm Atten 10 dB -1.967 dBm
#Avg <
Log rfwwﬂ“‘“m
e ST

10 fp" “k..\\
dB/ A b
Offst [ 1 RO
11.6
dB
Center 2.475 GHz Span 5 MHz
#Res BYW 100 kHz #/BW 300 kHz Sweep 19.98 ms (1000 pts

Channel Power

7.74dBm /

Power Spectral Density
2.2316 MHz -55.75 dBm/Hz

Channel Frequency: 2475MHz
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Antenna 2

Channel Power

8.44 dBm /2.2284 MHz

Ch Freq 2.405 GHz Trig Free

Channel Power Averages: 100 | |
Mkr1 2.404582 GHz

Ref 8.6 dBm Atten 10 dB -1.329 dBm
#hvg )
Log et C T
10 f.ﬁ-" H"\‘
dB/ . i
Oftst | 1 - .
11.6
dB
Center 2.405 GHz Span 5 MHz
#Res BW 100 kHz #/BW 300 kHz  Sweep 19.98 ms (1000 pts

Power Spectral Density
-05.04 dBm/Hz

Channel Frequency: 2405MHz

Channel Power

8.25dBm /2.2182 MHz

Ch Freq 244 GHz
Channel Power Averages: 100
Mkr1 2440403 GHz
Ref 8.6 dBm Atten 10 dB -1.226 dBm
#hvg &
Log L s = -
10 Pasl M
il *,
dB/ N | -
offst [ T - T
11.6
dB
Center 2.44 GHz Span 5 MHz
#Res BW 100 kHz #BW 300 kHz Sweep 19.98 ms (1000 pts

Power Spectral Density
-55.21 dBm/Hz

Channel Frequency: 2440MHz
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Ch Freq Trig Free

Channel Power Averages: 100 -
Mkr1 2.475418 GHz
Ref 8.6 dBm Atten 10 dB -1.97 dBm
#hvg &
Log ;,,...-w“*’“"““"“*f”‘"'"'l“"‘"-«“ﬂ‘
10 e N
-~ ~,

dB/ A h
Offst LT Ao T P
11.6
dB
Center 2.475 GHz Span 5 MHz
#Res BW 100 kHz #/BW 300 kHz  Sweep 19.98 ms (1000 pts

Channel Power

7.77dBm /

Power Spectral Density
2.2280 MHz -095.71 dBm/Hz

Channel Frequency: 2475MHz
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8.2 Maximum Power Spectral Density

Result

Test Specification

Test Method
Measurement Bandwidth
Detector

Port of testing

Requirement

Test Method:

Pass

FCC part 15 Subpart C 15.247 (e) / RSS 247 Issue 2,

Section 5.2 (b)

Subclause 11.10.3 of ANSI C63.10

100 kHz
Average

Antenna port

For digitally modulated systems, the power spectral
density conducted from the intentional radiator to the
antenna shall not be greater than 8 dBm

EUT

Test Condition
Normal Test Condition:

Temperature (Norm) = + 23°C

KDB Guidelines applied:

10 dB attenuator

Voltage = 3.6V DC through DC Supply

Spectrum Analyzer

Relative humidity: 64 %

Measurements were made as per section 8.4 in KDB 558074 D01 15.247 Measurement Guidance v05r02.
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Test results:

Note:

1. All the losses are included during measurement and final values are mentioned in the test report.
2. Total Average PSD (dBm) = Measured Average PSD (dBm) + Attenuator factor (10dB) +

Cable loss (1.6dB)

3. This product do not support additional beamforming gain / directional gain, it uses signal antenna and hence
directional gain of the single antenna is 0.5 dBi

Channel Measured Measured Total
Data Frequenc average PSD | average PSD Measured PSD Limit
rate (|(3/|HZ) y (ANT-1) (ANT-2) average PSD | (dBm/100kHz)
(dBm/100kHz) | (dBm/100kHz) | (dBm/100kHz)
2405 -1.53 -1.14 1.68 8.00
250Kbps 2440 -1.68 -1.36 1.49 8.00
2475 -1.99 -1.97 1.03 8.00
Antenna 1:
Mkr1 2.405103 GHz
Ref 9.6 dBm Atten 10 dB -1.53 dBm
#hvg
Log o
10 e, | Pt
dBY rd "
Offst f \
11.6 f w\
dB % N
W

et
PAVg et
100

W1 52
53 FC

Center 2.405 GHz
#Res BW 100 kHz

#VBW 300 kHz

Sweep 19.98 ms (1000 pts)

Span 5 MHz

Channel Frequency: 2405MHz
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Ref 9.6 dBm

Mkr1 2.439607 GHz
Atten 10 dB -1.682 dBm

#Avg
Log

10
dB/

fﬁw,mmﬂ

Offst
11.6

s i

dB

o

#Res BW 100 kHz

iy
100
w1 s2
53 FC
AR
Center 2.44 GHz Span 5 MHz

#ABW 300 kHz  Sweep 19.98 ms (1000 pts)

Channel Frequency: 2440MHz

Ref 9.6 dBm

Mkr1 2.475408 GHz
Atten 10 dB -1.9597 dBm

#llvg
Log

10
dB/

e M’””’i%

Offst
11.6

i !

dB

PAvg sy
100

w1 52
53 FC

Center 2.475 GHz
#Res BW 100 kHz

Span 5 MHz
#A/BW 300 kHz  Sweep 19.98 ms (1000 pts)

Channel Frequency: 2475MHz
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Antenna 2:

Ref 9.6 dBm

Mkr1 2404577 GHz

Atten 10 dB

-1.145 dBm

#hvg
Log

10
dB/

Pathanet

Offst
11.6

7 !

dB

100

W1 52
53 FC

Center 2.405 GHz
#Res BW 100 kHz

#/BW 300 kHz  Sweep 19.98 ms (1000 pts)

Span 5 MHz

Channel Frequency: 2405MHz
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Ref 9.6 dBm

Mkr1 2.439622 GHz

Atten 10 dB

-1.361 dBm

#hAvg
Log

10
dB/

T

Offst
11.6

o !

dB

o

100

PAvg =g

w1 52
53 FC

Center 2.44 GH

z

Span 5 MHz

#Res BW 100 kHz #/BYW 300 kHz  Sweep 19.98 ms (1000 pts)

Channel Frequency: 2440MHz

Ref 9.6 dBm

Mkr1 2.475383 GHz

Atten 10 dB

-1.973 dBm

#Avg
Log

10
dB/

e o

Offst
11.6

i N

il A

dB

/{‘ K

PAvg MJ’W TN
100
w1 52
53 FC

AA
Center 2.475 GHz Span 5 MHz
#Res BW 100 kHz #A/BW 300 kHz  Sweep 19.98 ms (1000 pts)

Channel Frequency: 2475MHz
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8.3 Occupied bandwidth

Result Pass

FCC part 15 Subpart C 15.247 (a) (2) / RSS 247 Issue 2,

Test Specification i
Section 5.2 (a)

Test Method Subclause 11.8.1 of ANSI C63.10
. 100 kHz for x dB bandwidth
Measurement Bandwidth 1 to 5% of OCB for 9% bandwidth
Detector Peak
Port of testing Antenna port
Requirement The minimum 6 dB bandwidth shall be at least 500 kHz

Test Method:

Spectrum Analyzer

EUT 10 dB attenuator

Test Condition
Normal Test Condition:

Temperature (Norm) = + 23.0 °C Voltage = 3.6V DC through DC Supply Relative humidity: 64%

KDB Guidelines applied:

Measurements were made as per section 8.2 in KDB 558074 D01 15.247 Measurement Guidance v05r02.
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Test results:

Note:

Antenna 1:

1. All the losses are included during measurement and final values are mentioned in the test report.
2. Total Peak Output power (dBm) = Measured Peak power (dBm) + Attenuator factor (10dB) +

Cable loss (1.6dB)
3. This product do not support additional beamforming gain / directional gain, it uses single antenna and hence

Directional gain of the single antenna is 0.5 dBi.

Channel . GdB.
Data rate Frequenc 6 dB Bandwidth 99% OBW | Bandwidth
(EAHZ) y (MHz) (MHz) Limit
(MH2z)
2405 1.58 2.21 >=0.5
250Kbps 2440 1.58 2.22 >=0.5
2475 1.60 2.23 >=0.5

Ch Freq

24058 GH=z

ccupied Bandwidth

Ref 14.6 dBm

Mkr1 2.404492 GHz

Atten 15 dB

5.154 dBm

#Peak

P it -

Log

10

dB/

Offst

11.6

dB

Center 2.405 GHz
#Res BW 100 kHz

Occupied Bandwidth

Transmit Freq Error
¥ dB Bandwidth

#/BYY 300 kHz

Occ BW % Pwr

2.2112 MHz x dB
4213 kH=z
1.589 MHz

Sweep 9.99 ms (1000 pts

Span 5 MHz

95.00 %
-6.00 dB

Channel Frequency: 2405MHz
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Ch Freg 244 GHz
Occupied Bandwidih
Mkr1 2.440283 GHz
Ref 14.6 dBm Atten 15 dB 5.127 dBm
#Peak -
Log & [T il kT A
2 R
10 -
dB/ o ™ M
Offst -
11.6
dB
Center 2.44 GHz Span 5 MHz
#Res BW 100 kHz BV 300 kHz Sweep 9.99 ms (1000 pts)
Occupied Bandwidth Occ BW % Pwr 99.00 %
2.2268 MHz xdB  5.00d5
Transmit Freq Error -1.104 kH=z
x dB Bandwidth 1.581 MH=z

Channel Frequency: 2440MHz

Ch Freq
Occupied Bandwidih
Mkr1 2.475498 GHz
Ref 14.6 dBm Atten 15 dB 4.594 dBm
Log o Poniiiel + s
10 ﬁ,f’ﬁ" &“\M
dB/ ! N
Offst il ]
11.6
dB
Center 2.475 GHz Span 5 MHz
#Res BUW 100 kHz #/BW 300 kHz Sweep 9.99 ms (1000 pts

Occupied Bandwidth Occ BW % Pwr 99.00 %
2.2316 MHz xdB 60045

Transmit Freq Error -59.510 Hz

x dB Bandwidth 1.600 MHz

Channel Frequency: 2475MHz
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Antenna 2.

6dB
Data rate Channel 6 dB Bandwidth 99% OBW | Bandwidth
Frequency (MHz) (MHz) (MHz) Limit
(MHz)
2405 1.56 2.22 >=0.5
250Kbps 2440 1.55 2.21 >=0.5
2475 1.57 2.22 >=0.5

Ch Freq 2405 GHz Trig  Free

ccupied Bandwidth

Mkr1 2.405263 GHz

Ref 14.6 dBm Atten 15 dB 5.73 dBm

#Peak S

L{Ilg "ﬁ,‘r 1 M&k

10 Y

dB‘; L -'-'l-"" ‘H- et b

Offst T r =

11.6

dB

Center 2.405 GHz Span 5 MHz

#Res BW 100 kHz #/BW 300 kHz Sweep 9.99 ms (1000 pts
Occupied Bandwidth Occ BW % Pwr 99.00 %

2.2284 MHz xdB 6008

Transmit Freq Error 549056 Hz
x dB Bandwidth 1.569 MHz

Channel Frequency: 2405MHz
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Ch Freq 244 GHz
Occupied Bandwidth
Mkr1 2.439732 GHz
Ref 14.6 dBm Atten 15 dB 5526 dBm
#Peak o |
R
10 s vﬁ“\_
o .,
dB“I ¥l J'“"_“r“'-—“;r. lh\ FLT T T
Offst |
11.6
dB
Center 2.44 GHz Span 5 MHz
#Res BW 100 kHz #A/BW 300 kHz Sweep 9.99 ms (1000 pts
Occupied Bandwidth Occ BW % Pwr 99.00 %
2.2182 MHz xdS 50048
Transmit Freq Error -1.562 kHz
¥ dB Bandwidth 1.557 MHz

Channel Frequency: 2440MHz

Ch Freq

Occupied Bandwidth

Ref 14.6 dBm

Mkr1 2.474732 GHz
Atten 15 dB 5.088 dBm

#Peak

Log

i i S N

10

el Ty

dB/

Offst

11.6

dB

Center 2.475 GHz
#Res BV 100 kHz

Transmit Freq Error
¥ dB Bandwidth

Occupied Bandwidth

Span 5 MHz

#/BW 300 kHz Sweep 9.99 ms (1000 pts

Occ BW % Pwr 99.00 %
2.2280 MHz X 60045
46.160 Hz
1.577 MHz

Channel Frequency: 2475MHz
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8.4 Emissions in non-restricted frequency bands and Conducted Spurious
Emission

Result Pass

Test Specification FCC part 15 Subpart C 15.247 (d) / RSS 247 Issue 2,

Section 5.5
Test Method Subclause 11.11 of ANSI C63.10
Measurement Bandwidth 100 kHz
Detector Peak
Port of testing Antenna port

In any 100kHz bandwidth outside the frequency band in
which the spread spectrum or digitally modulated
intentional radiator is operating, the radio frequency power
that is produced by the intentional radiator shall be at least

Requirement 30dB below that in the 100kHz 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

Test Method:

Spectrum Analyzer

EUT 10 dB attenuator

Test Condition
Normal Test Condition:

Temperature (Norm) = + 23.0 °C Voltage = 3.6V DC through DC Supply Relative humidity: 64%

KDB Guidelines applied:

Measurements were made as per section 8.5 in KDB 558074 D01 15.247 Measurement Guidance v05r02.
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Test results:

Note:

1. All the losses are included during measurement and final values are mentioned in the test report

2. Final Value (dBm) = Measured Value (dBm) + Attenuator factor (10dB) + Cable loss (1.6dB)

3. This product do not support additional beamforming gain / directional gain, it uses single antenna and hence
Directional gain of the single antenna is 0.5 dBi

4. Only worst case results are reported

8.4.1 Band edge and reference plots

Antenna 1:
Value at o
Channel | Reference | Band edge Minimum
Data Band A-B o
rate Frequency | Value (B) Frequency edge (A) (dBc) Limit
(MHz) (dBm) (MHz) (dBm) (dBc)
2405 5.42 2399.61 -45.08 -50.50 -30
250Kbps
2475 5.01 2483.50 -51.83 -56.84 -30
Mkr1 2405281 GHz
Ref 15.6 dBm Atten 15 dB 5.426 dBm
#Peak
e M
10 NMH‘W "'N&\
dB/ e -
Offst fr.-l"’{ "‘-\\‘
11.6 e b,
dB \1‘
M1 52
53 FC
AA
Center 2.405 GHz Span 3 MHz
#Res BW 100 kHz #ABW 300 kHz Sweep 9.99 ms (1000 pts)

Reference plot for 2405MHz
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Ref 15.6 dBm

Mkr1 2.439725 GHz

Atten 15 dB

5.398 dBm

#Peak
Loeg

10
dB/

W““‘LWW"‘W"'M

*(‘,.M"

e

ey

11.6 o

Offst -

'\.‘u\

dB f/’

J

M1 52
53 FC

Center 2.44 GHz
#Res BW 100 kHz

#A/BW 300 kHz

Sweep 9.99 ms (1000 pts)

Span 3 MHz

Reference plot for 2440MHz

Ref 15.6 dBm

Mkr1 2.474746 GHz

Atten 15 dB

5.015 dBm

#Peak
Log

10
dB/

W

T

Offst /nf
11.6

ey

dB l»/_n’

M1 52
53 FC

Center 2.475 GHz
#Res BW 100 kHz

#FBW 300 kHz

Sweep 9.99 ms (1000 pts)

Span 3 MHz

Reference plot for 2475MHz
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Mkrd 2.40526 GHz
Ref 14.6 dBm Atten 15 dB 6.005 dBm
Peak E
Log i
e f1Y
ot [
Offst
11.6 A [N
dB 2 j.r" "\
DI g il M""’M i T "
246 T, 5
dBm
Center 2.405 GHz Span 40 MHz
#Res BW 100 kHz #/BW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type M Aois Amplitude
1 13 Freq 239000 GHz -532.48 dBm
2 13 Freq 2.40000 GHz -48.07 dBm
3 13 Freq 2.39961 GHz -45.08 dBm
2 13 Freq 2.40526 GHz 6.005 dBm
Band edge Channel Frequency 2405MHz
Mkr2 2.48350 GHz
Ref 15.6 dBm Atten 15 dB -51.83 dBm
#Peak }5
Log
o }r’“ "\\
dB/
Offst |
116 | L
a8 Pl ALY
[25 [ frmbsnans WWWW“ MMMW Lot
dBm
Center 2.475 GHz Span 40 MHz
#Res BW 100 kHz #V/BW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type ¥ Axis Amplitude
1 ] Freq 2 47528 GHz 4,458 dBm
2 ] Freq 248350 GHz -51.83 dBm

Band edge Channel Frequency 2475MHz
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Antenna 2:

Channel | Reference Band Value at Minimum
Data Frequency | Value (B) edge Band A-B Limit
rate (MHz2) (dBm) Frequency | edge (A) (dBc) (dBc)
(MHz) (dBm)
2405 5.65 2400.00 -47.43 -53.08 -30
250Kbps
2475 5.07 2483.50 -50.93 -56.00 -30
Mkr1 2.404746 GHz
Ref 15.6 dBm Atten 15 dB 5.655 dBm
#Peak .
Log
10 T e o
dB/ ™ e
Offst ',-.r" N
11.6 P oy
dB /
M1 52
53 FC
AA
Center 2.405 GHz Span 3 MHz
#Res BW 100 kHz #A/BW 300 kHz Sweep 9.99 ms (1000 pts)

Reference plot for 2405MHz
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Ref 15.6 dBm

Mkr1 2.440263 GHz

Atten 15 dB

5.64 dBm

#Peak
Log

10
dB/

A

1
L)

BN

P,

Offst
11.6

N

dB

\\

M1 52
53 FC

Center 2.44 GHz
#Res BW 100 kHz

#ABYY 300 kHz

Sweep 9.99 ms (1000 pts)

Span 3 MH=z

Reference plot for 2440MHz

Ref 15.6 dBm

Mkr1 2.475269 GHz

Atten 15 dB

5.079 dBm

#Peak
Leg

10
dB/

ﬁﬂnr’“"

Mu—-“"wm,.mnwﬁ mmﬁw

e

Offst
11.6

L

dB

™

M1 52
53 FC

Center 2.475 GHz
#Res BW 100 kHz

#BW 300 kHz

Sweep 9.99 ms (1000 pts)

Span 3 MHz

Reference plot for 2475MHz
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Mkr3 2.40526 GHz
Ref 14.6 dBm Atten 15 dB 5.9 dBm
Peak
Log X
e an
ot R
Offst !
11.6 PR
dbB = "_r'" '\\
DI ” e ' S
Pt o H s i
24.4
dBm
Center 2.405 GHz Span 40 MHz
#Res BV 100 kHz #/BW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 1) Freq 239000 GHz -53.99 dBm
2 1) Freq 2.40000 GHz -47.43 dBm
3 1) Freq 240528 GHz 5.8 dBm
Band edge Channel Frequency 2405MHz
Mkr2 2.48350 GHz
Ref 15.6 dBm Atten 15 dB 50.93 dBm
#Peak i
Log
o Kr’““*\\
dB/
Offst [
11.6 | L
d8 ad ™ -
[;Idg wmﬂﬁww‘mwdf \"'“""‘Mﬂ‘v“wmwﬁ FETIN
dBm
Center 2.475 GHz Span 40 MHz
#Res BW 100 kHz #/BW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 1 Freg 2 47528 GHz 4,792 dBm
2 1 Freq 2 48350 GHz -50.93 dBm

Band edge Channel Frequency 2475MHz



http://www.tuv.com/

Produkte
Products

www.tuv.com

A TUVRheinland®

Prufbericht - Nr.:
Test Report No.:

ULR-TC568822300000016F

Seite 36 von 71
Page 36 of 71

8.4.2 Out-Of-Band Emissions

Antennal:

Spectrum

(=]

Ref Level 10.00 dBm

Offset 11.60 dB & RBW 100 kHz

Att 15 dB SWT 19 ps @ ¥YBW 3200 kHz  Mode asuto FFT
DC
@ 1Pk Max
M3[1] -55.07 dBm
124.410 kHz
0 dem M1[1] -46.47 dBm
10 dBm 33.320 kHz
-20 dBm
D1 -24.580 dBm
M1
P B — M2
= s S E——
-60 dBm
-70 dBm
-80 dBm
Start 9.0 kHz 1000 pts Stop 150.0 kHz
Marker
Type | Ref | Trc | X-value | Y-value | Function Function Result |
M1 1 33.32 kHz -46.47 dBm
M2 1 82.81 kHz -52.58 dBm
M3 1 124.41 kHz -55.07 dBm
Channel Frequency 2405MHz Frequency Range 9KHz — 150KHz
Spectrum Ini:l |
Ref Level 10.00 dem  Offset 11.60 dB & RBW 100 kHz
Att 15 dB SWT 37.9 ps @ YBW 300 kHz Mode Auto FFT
oC
@ 1Pk Max
M3[1] -63.87 dBm
28.6420 MHz
0 dBm M1[1] -58.40 dBm
10 dBm 1.2400 MHz
-20 dBm
01l -24.580 dBm
12 ¥k
Wt pottrly)
Start 150.0 kHz 1000 pts Stop 30.0 MHz
warker
Type | Ref | Tre | X-value | ¥-value |  Function | Function Result
M1 1 1.24 MHz -58.40 dBm
M2 1 15.776 MHz -62.45 dBm
13 1 28.642 MHz -63.87 dBm
Channel Frequency 2405MHz Frequency Range 150KHz — 30MHz
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Mkr1 118.4 MHz
Ref 15.6 dBm Atten 15 dB -52.44 dBm
#Peak
Log
10
dB/
Offst
11.6
dB
- = =2
gld.ﬁ e — o 2 bttt et
dBm
Start 30 MHz Stop 1 GHz
#Res BW 100 kHz #A/BW 300 kHz Sweep 100.5 ms (1000 pts)
Marker Trace Type X Axis Amplitude

1 1} Fraq 118.4 MHz -52.44 dBm

2 1} Fraq 46849 MHz -51.34 dBm

2 1} Fraq £53.4 MHz -50.48 dBm

Channel Frequency 2405MHz

=

requency Range 30MHz — 1GHz

Mkr3 21.345 GHz
Ref 15.6 dBm Atten 15 dB -52.14 dBm
#Peak T
Log
10
dBf
Offst
11.6
dB -
[:4 6 s W e MMWMWMMW
dBm
Start 1 GHz Stop 26 GHz
#Res BW 100 kHz #BYY 300 kHz Sweep 2.59 s (1000 pts)
Mlarker Trace Tvpe X Axis Amplitude
1 1) Freq 2.401 GHz 48688 dBm
2 1) Fraq 13,134 GHz -50.53 dBm
2 1} Fraq 21.245 GHz -52.14 dBm

Channel Frequency 2405MHz

Frequency Range 1GHz — 26GHz
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Spectrum

(=]

Ref Level 10.00 dBm

Offset 11.60 dB & RBW 100 kHz

Att 15 de SWT 19 ps @ VYBW 300 kHz Mode Auto FFT
DC
@ 1Pk Max
M3[1] -532.97 dBm
132.870 kHz
0 dBm M1[1] -46.59 dBm
10 dBm 27.960 kHz
-20 dBm
D1 -24.610 dBm
M1
L. —
]
-50 dBrm ______r‘j? ha2
_\_\_\_\_\_\_\__‘_\—_'_'_'_'__'_'_'_l,__,_.—-—'
-60 dBm
-70 dBm
-80 dBm

Start 9.0 kHz 1000 pts Stop 150.0 kHz
Marker
Type | Ref | Tre | ¥-value | ¥-value | Function | Function Result |
M1 1 27.96 kHz -46.59 dBm
Mz 1 79.29 kHz -52.93 dBm
I3 1 132.87 kHz -53.97 dBm

Channel Frequency 2440MHz

Frequency Range 9KHz — 150KHz

Spectrum

(=]

Ref Level 10.00 dBm
Att 15 dB
DC

Offset 11.60 dB & RBW 100 kHz
SWT 37.9 ps @ VBW 300 kHz  Mode auto FFT

M1[1]

M2[1]

-55.91 dBm
583.0 kHz
-63.02 dBm
16.7620 MHz

ol -24.610

dBrm

L2

A=

I MWWMM

-70dBrm

-B0 dBm
Start 150.0 kHz 1000 pts Stop 30.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value | Function Function Result |
1 1 583.0 kHz -55.91 dBm
M2 1 16,762 MHz -63.02 dBm
M3 1 27,388 MHz -64.26 dBm

Channel Frequency 2440MHz

Frequency Range 150KHz — 30MHz
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MkrZ2 505.7 MHz
Ref 15.6 dBm Atten 15 dB -52.28 dBm
#Peak
Log
10
dBf
Offst
11.6
dB
1 = =
DI L+ TR Al el P b gl Tomrptplidb '-,-—QHHM
-24.6 -
dBm
Start 30 MHz Stop 1 GHz
#Res BW 100 kHz FABW 300 kHz Sweep 100.5 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 {1} Freq 141.7 MHz -52.82 dBm
2 {1} Freq 505.7 MHz -52.28 dBm
3 {1} Fraq 8488 MHz -50 .87 4Bm
Channel Frequency 2440MHz Frequency Range 30MHz — 1GHz
Mkrd 22.446 GHz
Ref 15.6 dBm Atten 15 dB -51.76 dBm
#Peak 1
Pt
Log
10
dBf
Offst
11.6
dbB
= =
[;_Id 6 e P IO OO AP L0 T WS (YRR VOO S - DN
dBm
Start 1 GHz Stop 26 GHz
#Res BW 100 kHz #/BWW 300 kHz Sweep 2.59 s (1000 pts)
Marker Trace Type X Axis Amplitude
1 {1} Freq 2.451 GHz 4.043 dBm
2 {1 Freq 12 558 GHz -50.89 dBm
3 {1 Freq 22 448 GHz -51.75 dBm

Channel Frequency 2440MHz

Frequency Range 1GHz — 26GHz
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Spectrum IDE |
Ref Level 10.00 dem Offset 11.50 dB & RBW 100 kHz
Att 15 dB SWT 19 ps @ VYBW 300 kHz Mode Auto FFT
DC
M3[1] -55.11 dBm
139.920 kHz
M1[1] -46.10 dBm
22.470 kHz
D1 -24.990 dBm
S
-50 dBm ] — ot
—[___‘_____ | v
I R —
-60 dBm
-70 dBm
-20 dBm
Start 9.0 kHz 1000 pts Stop 150.0 kHz
Marker
Type | Ref | Tre | X-value | ¥-value | Function | Function Result |
M1 1 22.47 kHz -46.10 dBm
M2 1 21.12 kHz -52.94 dBm
I3 1 1329.92 kHz -55.11 dBm

Channel Frequency 2475MHz

Frequency Range 9KHz — 150KHz

Spectrum IT |
Ref Level 10.00 dém  Offset 11.60 dB & RBW 100 kHz
Att 15 dB  SWT 37.9 ps @ VYBW 300 kHz  Mode Auto FFT
DC
@ 1Pk Max
M1[1] -56.01 dBm
553.0 kHz
0 dBm
™ M2[1] -65.57 dBm
10 dBm 13.9260 MHz
D1 -24.990 dBm
LA
T T
-80 dBm
Start 150.0 kHz 1000 pts Stop 30.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value | Function Function Result |
M1 1 £53.0 kHz -56.01 dBm
M2 1 13.926 MHz -65.57 dBm
M3 1 27.448 MHz -64.22 dBm

Channel Frequency 2475MHz

Frequenéy Rangé 150KHz — 30MHz
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Mkr1 181.5 MHz
Ref 15.6 dBm Atten 15 dB -49.48 dBm
#Peak
Log
10
dB/
Offst
11.6
dB .
DI e o " S S
-25.0
dBm
Start 30 MHz Stop 1 GHz
#Res BV 100 kHz #/BYW 300 kHz Sweep 100.5 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 1) Frag 181.5 MHz -43 48 dBm
2 1) Freg 520.2 MHz -52.08 dBm
3 1) Frag £81.5 MHz -51.82 dBm
Channel Frequency 2475MHz Frequency Range 30MHz — 1GHz
Mkr3 23.247 GHz
Ref 15.6 dBm Atten 15 dB -50.43 dBm
#Peak 1
Fa
Log
10
dBf
Offst
11.6
dB
= =
glﬂ 0 e VW IR DRSS + D et i =7
dBm
Start 1 GHz Stop 26 GHz
#Res BW 100 kHz #BYY 300 kHz Sweep 2.59 s (1000 pts)
Marker Trace Type X Axis Amplitude
1 1) Frag 2.478 GHz 4.231 dBm
2 1) Frag 12.708 GHz -51.13 dBm
3 1) Frag 23.247 GHz -50.43 dBm

Channel Frequency 2475MHz

Frequency Range 1GHz — 26GHz
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Antenna 2:

Spectrum I':El |
Ref Level 10.00 dem  Offset 11.60 dB & RBW 100 kH=
Att 15 de SWT 19 ps @ VBW 300 kHz Mode Auto FFT
DC
@ 1Pk Max
M3[1] -55.10 dBm
139.640 kHz
0 dBm M1i[1] -46.70 dBm
10 dBm 29.230 kHz
-20 dBm
D1 -24.350 dBm
1
v |
]
-50 dBm S — ot fots
I | w ]
NN I R—
-60 dBm
-70 dBm
-80 dBm
Start 9.0 kHz 1000 pts Stop 150.0 kHz
Marker
Type | Ref | Tre | ¥X-value | ¥-value | Function | Function Result |
M1 1 29.23 kHz -46.70 dBm
M2 1 28.74 kHz -54.92 dBm
I3 1 129.64 kHz -55.10 dBm

Channel Fréquency 2405MHz

Frequency Range 9KHz — 150KHz

Spectrum

(=]

Ref Level 10.00 dBm

Offset 11.60 dB & RBW 100 kHz

Att 15 dB SWT 37.9 ps @ VYBW 300 kHz Mode Auto FFT
DC
@ 1Pk Max
M3[1] -64.26 dBm
25.3880 MHz
0 dem
™ M1[1] -55.78 dBm
10 dBm 553.0 kHz
01 -24.350 dBm
o et
WWMMWWWM%
WWWWWMWMW
Start 150.0 kHz 1000 pts Stop 30.0 MHz
Marker
Type | Ref | Trc | X-value | ¥-value | Function | Function Result |
M1 1 EE3.0 kHz -E5.78 dBm
M2 1 15.299 MH=z -64.43 dBm
M3 1 25.388 MHz -64.26 dBm

Channel Frequency 2405MHz

Frequency Range 150KHz — 30MHz
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Mkr3 859.7 MHz
Ref 15.6 dBm Atten 15 dB -52.14 dBm
#Peak
Log
10
dB/
Offst
11.6
dB
DI 6 - R a mﬁgﬁw -‘_'; b "
24.4
dBm
Start 30 MHz Stop 1 GHz
#Res BW 100 kHz FABW 300 kHz Sweep 100.5 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 (1} Freq £84.4 MHz -52.15 dBm
2 (1} Fraq 485 .4 MHz -51.73 dBm
3 (1} Freq 859.7 MHz -52.14 dBm
Channel Frequency 2405MHz Frequency Range 30MHz — 1GHz
Mkr2 12.738 GHz
Ref 15.6 dBm Atten 15 dB -50.9 dBm
#Peak ;
Log
10
dB/
Offst
11.6
dB = =
[;4 4 s SV o £ IR ettt ettt ot S g
dBm
Start 1 GHz Stop 26 GHz
#Res BW 100 kHz FABW 300 kHz Sweep 2.59 s (1000 pts)
Marker Trace Type X Axis Amplitude
1 (1} Freq 2.401 GHz 4.413 dBm
2 {1} Freq 12.738 GHz -50.9 dBm
2 {1} Fraq 22285 GHz -51.28 dBm

Channel Frequency 2405MHz

Frequency Range 1GHz — 26GHz
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Spectrum |

(=]

Ref Level
Att
DC

10,00 dBm
15 de

Offset 11.60 dB @ RBW 100 kHz

SWT 19 ps @ YBW 300 kHz  Mode &uto FFT

@ 1Pk Max

0 dem

Ma3[1]

-10 dBm

M1[1]

-55.96 dBm
134.740 kHz
-46.72 dBm
24.720 kHz

-20 dBm

Ol -24.360

dBm

-50 dBm

L2

-50 dBm

=70 dBm

-80 dBm

CF 79.5 kHz

1000 pts

Span 141.0 kHz

Marker

¥-value | ¥-value | Function |

Function Result

Type | Ref | Tre |
M1 1
Mz 1
I3 1

24,72 kHz
82.81 kHz
134.74 kHz

-46.72 dBm
-53.81 dBm
-55.96 dBm

Channel Frequency 2440MHz

Frequency Range 9KHz — 150KHz

Spectrum |

(=)

Ref Level 10.00 dBm

Offset 11.60 dB @ RBW 100 kHz

Att 15 dB  SWT 37.9 ps @ VBW 300 kHz Mode Auto FFT
DC
M3[1] -63.59 dBm
28.1640 MHz
M1[1] -56.96 dBm
1.2690 MHz
01 -24.360 dBm
il X!
WWWWWM
Start 150.0 kHz 1000 pts Stop 30.0 MHz
Marker
Type | Ref | Tre | X-value | ¥-value |  Function | Function Result |
M1 1 1.269 MHz -56.96 dBm
M2 1 15.568 MH=z -63.36 dBm
M3 1 28.164 MHz -63.59 dBm

Channel Frequency 2440MHz

Frequency Range 150KHz — 30MHz
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Channel Frequency 2440MHz

Mkr3 8039 MHz
Ref 15.6 dBm Atten 15 dB -49.98 dBm
#Peak
Log
10
dB/
Offst
11.6
dB i
1 = 3
DI <& S U = N < .
244 [
dBm
Start 30 MHz Stop 1 GHz
#Res BW 100 kHz #/BW 300 kHz Sweep 100.5 ms (1000 pts)
Marker Trace Type M Axis Amplitude
1 {13} Freq 110.6 MHz -51 dBm
z {13 Freq 482.9 MHz -50.13 dBm
3 {13 Freq £032.9 MHz -49.98 dBm

Frequency Range 30MHz — 1GHz

Mkr3 23.736 GHz
Ref 15.6 dBm Atten 15 dB -418.29 dBm
#Peak L
>
Log
10
dB/
Offst
11.6
dB - =
[;4 4 it e T L §Beann T A T
dBm
Start 1 GHz Stop 26 GHz
#Res BW 100 kHz #ABW 300 kHz Sweep 2.59 s (1000 pts)
Markear Trace Type M Axis Amplitude
1 1) Freg 2.451 GHz 4£.817 dBm
2 1) Freg 12.012 GHz -50.41 dBm
2 1) Freg 22.738 GHz 4829 dBm

Channel Frequency 2440MHz

Frequency Range 1GHz — 26GHz
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Channel Frequ

Spectrum IDE |
Ref Level 10.00 dém  Offset 11,60 dB & RBW 100 kHz
Att 15 dB SWT 19 ps @ YBW 300 kHz Mode Auto FFT
oC
@ 1Pk Max
M3[1] -54.40 dBm
127.830 kHz
0 dém M1[1] -46.88 dBm
10 dBm 20.350 kHz
-20 dBm
01l -24.930 dBm
—
-50 dBm 2 i
I I I
R —
-60 dBm
-70 dBm
-30 dBm
Start 9.0 kHz 1000 pts Stop 150.0 kHz
marker
Type | Ref | Tre | X-value | ¥-value |  Function | Function Result |
M1 1 20.35 kHz -46.38 dBm
M2 1 50.98 kHz -53.65 dBm
13 1 127.83 kHz -54.40 dBm

ency 2475MHz

Frequency Range 9KHz — 150KHz

Spectrum

(=)

Ref Level 10.00 dBm

Offset 11.60 dB & RBW 100 kHz

Att 15 dB SWT 37.9 ps @ VBW 300 kHz Mode Auto FFT
DC
M3[1] -63.57 dBm
26.4030 MHz
M1[1] -57.69 dBm
553.0 kHz
01 -24.930 dBm
[A2 ifile}
WWWW
-70 dBm
-20 dBm
Start 150.0 kHz 1000 pts Stop 30.0 MHz
Marker
Type | Ref | Trc | X-value | ¥-value | Function | Function Result |
M1 1 EE3.0 kHz -E57.69 dBm
M2 1 17.06 MH=z -632.10 dBm
M3 1 26.403 MHz -63.57 dBm

Channel Frequency 2475MHz

Frequency Range 150KHz — 30MHz
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Mkr2 635.0 MHz
Ref 15.6 dBm Atten 15 dB -19.28 dBm
#Peak
Log
10
dB/
Offst
11.6
dB = .
DI i — - s L
249 [
dBm
Start 30 MHz Stop 1 GHz
#Res BW 100 kHz #VBYY 300 kHz Sweep 100.5 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 1) Freg 111.8 MHz -52. 67 dBm
2 1) Freg 635.0 MHz -43.28 dBm
3 1) Freg £71.4 MHz -51.01 dBm
Channel Frequency 2475MHz Frequency Range 30MHz — 1GHz
Mkrd 21.935 GHz
Ref 15.6 dBm Atten 15 dB -51.69 dBm
#Peak 1
Log <
10
dB/
Offst
11.6
dB
= =
0, b b
dBm
Start 1 GHz Stop 26 GHz
#Res BW 100 kHz #ABW 300 kHz Sweep 2.59 s (1000 pts)
Marker Trace Type X Axis Amplitude
1 (13 Frag 2.478 GHz 3.287 dBm
2 (13 Freg 13.884 GHz -50.79 dBm
3 (13 Freg 21.935 GHz -51.89 dBm

Channel Frequency 2475MHz Frequency Range 1GHz — 26GHz
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8.5 Spurious Radiated Emissions & Restricted Bands of Operation

Result

Test Specification

Test Method

Measurement Location

Measurement Bandwidth
Detector

Measuring Distance
Requirement

Test setup

FCC part 15 Subpart C 15.247 (d) / (15.209 & 15.205)

ANSI C63.10

Pass

Semi Anechoic Chamber 30MHz - 1 GHz
Fully Anechoic Chamber 1 GHz - 40GHz

100 kHz for frequency range < 1GHz

1 MHz for Frequency range >1GHz

Refer remarks below

3m

As per the limits mentioned in the below table

Refer TEST METHODOLOGY

Table 6: Transmitter limits for Radiated emission

Frequency Field strength Field strength Distance of
(MHz) (uv/m) (dBuV/m) Measurement (m)
0.009 — 0.490 2400/F(kHz) 48.50 — 13.80 300*
0.490 - 1.705 24000/F(kHz) 33.80 - 23.00 30*
1.705 -30 30 29.54 30*
30-88 100 40.0 3
88-216 150 435 3
216-960 200 46.0 3
Above 960 500 54.0 3

Remark: * The limit shows in the table above of frequency range 0.009 — 0.490, 0.490 — 1.705 MHz and
1.705-30MHz is at 300 meter, 30 meter and 30 meter range respectively, which corresponds to 128.51 —
93.80, 73.80 — 62.96 and 69.54 dBuV/m at 3m range by extrapolation calculation and the measurement of

loop antenna.

The emission limits shown in the above table are based on measurements employing a 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.

Test Conditions:

Temperature (Norm) = + 23.5 °C

Voltage = 3.3V DC Battery Supply

Relative humidity: 63%
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Test results:

Note: All the losses are included during measurement and final values are mentioned in the test report. Refer TEST
METHODOLOGY for more details

Test results for frequency range 9kHz — 30MHz

No emissions found in frequency range 9 kHz to 30 MHz, and measured levels are below 20dB from the limit line,
hence not reported

Antenna 1l

Table 7: Test results for frequency range 30MHz — 200MHz

Ant_en na 'L\fggﬁlé:‘ecc; Peak Limit Margin (dB)
Polarization (MH2) (dBpV/m) (dBpV/m)
66.65(Pk) 4.21 40.00 -35.79
162.12(Pk) 13.10 43.50 -30.40
Vertical 165.18(Pk) 23.83 43.50 -19.67
174.58(Pk) 23.64 43.50 -19.86
186.53(Pk) 15.72 43.50 -27.78
128.27(Pk) 18.21 43.50 -25.29
136.53(Pk) 18.84 43.50 -24.66
Horizontal 167.07(Pk) 22.64 43.50 -20.86
171.79(Pk) 25.43 43.50 -18.07
175.36(Pk) 14.69 43.50 -28.81

#1-30MHz-200Wizrtical)

174.585 MHz: 23.642 dBuV/{

30

66.652 MHz: 4.211 dBuV/m|
1o 186.536 MHz: 15.72 dB, \/E
162.124 MHz: 13.109 dBuV/m)

Level [dBpV/m]

30 MHz 40 MHz 50 MHz 60MHz ~ 70MHz 80 MHz 90 MHz 100 MHz 120MHz 140 MHz 160 MHz 200 MHz
Frequency [Hz]
— Part 15.231_(<1GHz) QPeak/3.0m — Peak (Vertical)

Channel Frequency 30MHz — 200MHz Polarization Vertical
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#2-30MHz-200\iarizontal)

175.367 MHz: 25.435 dBuV, ;l

Level [dBpV/m]
w 5

171.797 MHz: 14.692 dBuV/s

30 MHz 40 MHz

60 MHz 70 MHz 80 MHz 90 MHz 100 MHz 120 MHz 140 MHz 160 MHz 200 MHz
Frequency [Hz]

= Part 15.231_(<1GHz) QPeak/3.0m — Peak (Horizontal)

Channel Frequency 30MHz — 200MHz

Table 8: Test results for frequency range 200MHz — 1GHz

Polarization Horizontal

Antenna Frequency Peak Limit Margin
Polarization (MHz) (dBpV/im) (dBpV/im) (dB)
235.76 20.59 46 -25.41
. 324.4 28.94 46 -17.06
Vertical
364.88 34.74 46 -11.26
423.84 30.32 46 -15.68
334.88 36.43 46 -9.57
Horizontal 345.04 39.03 46 -6.97
375.52 37.01 46 -8.99
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#1-200MHz-1QMertical)

100

90

80

70

60
E ikl
£
3 s 364.88 MHz: 34.74 dBuV/m|
[ —
g
3 ‘3244 MHz: 28.944 dBuV/m‘ ‘423 84 MHz: 30.323 dBuV/m)

30 ~ -

235.76 MHz 20591 dByV/m

20

10

0

200 MHz 250 MHz 300MHz  350MHz  400MHz 450 MHz 500 MHz 550 MHz 650MHz  750MHz  850MHz  1GHz

Frequency [Hz]
— Part 15.231_(<1GHz) QPeak/3.0m — Peak (Vertical)

Channel Frequency 200MHz - 1GHz Polarization Vertical

#2-200MHz-1@Hprizontal)

%0
80
70
60
£ i
2 50 345.04 MHz: 39.033 dByV/m|
@
2 = 1
3 4
F [334.88 Mz 36.436 dBuv/m] [375.52 Mz 37.016 dBuv/m
3
30
20
10
0
10
200 MHz 250 MHz 300MHz  350MHz  400MHz 450 MHz 500 MHz 550 MHz 650MHz  750MHz 850MHz  1GHz

Frequency [Hz]
— Part 15.231_(<1GHz) QPeak/3.0m — Peak (Horizontal)

Channel Frequency 200MHz — 1GHz Polarization Horizontal
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Antenna 2
Table 9: Test results for frequency range 30MHz — 200MHz

Antenna Measured Peak Limit .
Polarization Fr?&l:_'ezr;cy (dBuVim) (dBuV/m) | Margin (dB)
66.65(Pk) 4.21 40.00 -35.79
162.12(Pk) 13.10 43.50 -30.40
Vertical 165.18(Pk) 23.83 43.50 -19.67
174.58(Pk) 23.64 43.50 -19.86
186.53(Pk) 15.72 43.50 -27.78
128.27(Pk) 18.21 43.50 -25.29
136.53(Pk) 18.84 43.50 -24.66
Horizontal 167.07(Pk) 22.64 43.50 -20.86
171.79(Pk) 25.43 43.50 -18.07
175.36(Pk) 14.69 43.50 -28.81

#1-30MHz-200Wizrtical)

174.585 MHz: 23.642 dBuV/{

66.652 MHz: 4.211 dBuV/m|
186.536 MHz: 15.72 dBj \/E
162.124 MHz: 13.109 dBuV/m)

30

Level [dBpV/m]
Y 5

3

30 MHz 40 MHz 50 MHz 60MHz ~ 70MHz 80 MHz 90 MHz 100 MHz 120MHz 140 MHz 160 MHz 200 MHz
Frequency [Hz]
— Part 15.231_(<1GHz) QPeak/3.0m — Peak (Vertical)

Channel Frequency 30MHz — 200MHz Polarization Vertical
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#2-30MHz-200\iarizontal)

175.367 MHz: 25.435 dBuV, ;l

Level [dBpV/m]
w 5

171.797 MHz: 14.692 dBuV/s

30 MHz 40 MHz

60 MHz 70 MHz 80 MHz 90 MHz 100 MHz 120 MHz 140 MHz 160 MHz 200 MHz
Frequency [Hz]

= Part 15.231_(<1GHz) QPeak/3.0m — Peak (Horizontal)

Channel Frequency 30MHz — 200MHz

Table 10: Test results for frequency range 200MHz — 1GHz

Polarization Horizontal

Antenna Frequency Peak Limit Margin
Polarization (MHz) (dBpV/im) (dBpV/m) (dB)
235.76 20.59 46 -25.41
. 324.4 28.94 46 -17.06
Vertical
364.88 34.74 46 -11.26
423.84 30.32 46 -15.68
334.88 36.43 46 -9.57
Horizontal 345.04 39.03 46 -6.97
375.52 37.01 46 -8.99
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#1-200MHz-1QMertical)

50 364.88 MHz: 34.74 dBuV/m|

Level [dBpV/m]

‘3244 MHz: 28.944 dBuV/m‘ J ‘423 84 MHz: 30.323 dBuV/m
~. rs

235.76 MHz: 20.591 dByV/m|
20

0
200 MHz 250 MHz 300 MHz 350 MHz 400 MHz 450 MHz 500 MHz 550 MHz 650 MHz 750 MHz 850 MHz 1GHz
Frequency [Hz]
— Part 15.231_(<1GHz) QPeak/3.0m Peak (Vertical)
Channel Frequency 200MHz - 1GHz Polarization Vertical
#2-200MHz-1GHbrizontal)
100
90
80
70
60
£ a2
S
2
20— I
3 4
H |§4.88 MHz: 36.436 dBuV/m| [375.52 MHz: 37.016 dBuV/m|
- 30
20
10
0
0
200 MHz 250 MHz 300 MHz 350 MHz 400 MHz 450 MHz 500 MHz 550 MHz 650 MHz 750 MHz 850 MHz 1GHz

Frequency [Hz]
— Part 15.231_(<1GHz) QPeak/3.0m — Peak (Horizontal)

Channel Frequency 200MHz — 1GHz

Polarization Horizontal
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Table 11: Test results for the frequencies above 1GHz:

Antenna 1:
Ffehaunennecl Frequency Polarization Emission Limit Margin
(EAHZ) y (MHz) (dBpv/m) (dBpv/m) (dB)
2390(PK) 41.1 74 -32.9
2390(Av) 27.28 54 -26.72
2405(PK) 100.3 * -
2405(Av) Vertical 96.68 * -
4810(Pk) 46.37 74 -27.63
4810(Av) 37.54 54 -16.46
7215(PK) No harmonics found 74 -74.00
2405 7215(Av) No harmonics found 54 -54.00
2390(PK) 39.55 74 -34.45
2390(Av) 26.60 54 -27.40
2405(Pk) 99.70 * -
2405(Av) Horizontal 96.08 * -
4810(Pk) 41.24 74 -32.76
4810(Av) 28.93 54 -25.07
7215(Pk) No harmonics found 74 -74.00
7215(Av) No harmonics found 54 -54.00
2440(Pk) 99.97 * -
2440(Av) 96.32 * -
4880(Pk) Vertical 47.29 74 -26.71
4880(Av) 38.12 54 -15.88
7320(Pk) No harmonics found 74 -74.00
2440 7320(Av) No harmonics found 54 -54.00
2440(Pk) 99.20 * -
2440(Av) 95.54 * -
4880(Pk) Horizontal 41.34 74 -32.66
4880(Av) 30.55 54 -23.45
7320(Pk) 46.27 74 -27.73
7320(Av) 35.43 54 -18.57
2475(Pk) 99.51 * -
2475(Av) 95.91 * -
2483.5(Pk) 46.3 74 -27.7
2483.5(Av) Vertical 35.04 54 -18.96
4950(Pk) 46.19 74 -27.81
4950(Av) 37.58 54 -16.42
7425(PK) No harmonics found 74 -74.00
2475 7425(Av) No harmonics found 54 -54.00
2475(Pk) 98.67 * -
2475(Av) 95.08 * -
2483.5(Pk) 45.64 74 -28.36
2483.5(Av) Horizontal 34.05 54 -19.95
4950(Pk) 39.8 74 -34.2
4950(Av) 28.05 54 -25.95
7425(Pk) 47.2 74 -26.8
7425(Av) 36.28 54 -17.72

* - Restricted bands of operation

Pk: Peak Detector;
Av: Average Detect
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130
120
2404500000 GHz
110 100.300 dBpV/m
100
2405000000 GHz
90 96.689 dBuVv/m
2.390000000 GHz
80 41,106 dBuV/m
e FCCPart15C Peak
2 70
3]
g 2.390000000 GHz
S 6 27.289 dBuv/m
[ FCCPart15C AVG
-
50
40
% v
20
10
0
2300 2350 2400 2450 2500 2550 2600
Frequency in MHz
Channel Frequency: 2405MHz Polarization: Vertical
120
110 2405500000 GHz
77.588 dBpv/m
100
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Antenna 2:
F?ehqinennei:ly Frequency Polarization Emission Limit Margin
(MHz) (dBpVv/m) (dBpuVv/m) (dB)
(MHz)
2390(PK) 41.13 74 -32.87
2390(Av) 27.71 54 -26.29
2405(PK) 101.23 * -
2405(Av) Vertical 97.67 * -
4810(Pk) 47.75 74 -26.25
4810(Av) 38.98 54 -15.02
7215(PK) No harmonics found 74 -74.00
2405 7215(Av) No harmonics found 54 -54.00
2390(Pk) 36.34 74 -37.66
2390(Av) 23.53 54 -30.47
2405(Pk) 94.35 * -
2405(Av) Horizontal 90.77 * -
4810(Pk) 41.27 74 -32.73
4810(Av) 31.01 54 -22.99
7215(PK) 46.97 74 -27.03
7215(Av) 36.40 54 -17.60
2440(PKk) 101.67 * -
2440(Av) 98.03 * -
4880(Pk) Vertical 46.33 74 -27.67
4880(Av) 36.86 54 -17.14
7320(Pk) No harmonics found 74 -74.00
2440 7320(Av) No harmonics found 54 -54.00
2440(Pk) 93.76 * -
2440(Av) 90.08 * -
4880(Pk) Horizontal 41.57 74 -32.43
4880(Av) 31.84 54 -22.16
7320(Pk) 46.94 74 -27.06
7320(Av) 36.08 54 -17.92
2475(PK) 101.88 * -
2475(Av) 98.22 * -
2483.5(Pk) 49.56 74 -24.44
2483.5(Av) Vertical 37.57 54 -16.43
4950(Pk) 45.73 74 -28.27
4950(Av) 36.40 54 -17.60
7425(Pk) No harmonics found 74 -74.00
2475 7425(Av) No harmonics found 54 -54.00
2475(Pk) 95.46 * -
2475(Av) 91.79 * -
2483.5(Pk) 48.31 74 -25.69
2483.5(Av) Horizontal 30.71 54 -23.29
4950(Pk) 39.77 74 -34.23
4950(Av) 28.69 54 -25.31
7425(Pk) 46.58 74 -27.42
7425(Av) 35.70 54 -18.30

* - : Restricted bands of operation

Pk: Peak Detector;
Av: Average Detect
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