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1. Scope
This test report certifies that the Decawave Ltd. DWM1001C 2.4 GHz Bluetooth Low Energy
radio, as tested, meets the ETSI EN 300 328 V2.1.1 (2016-11) standard. The scope of this
test report is limited to the test sample provided by the client, only in as much as that sample
represents other production units. If any significant changes are made to the unit, the
changes shall be evaluated and a retest may be required.

2. Product Details

2.1. Manufacturer: Decawave Ltd

2.2. Model Number: DWM1001C

2.3. Serial Number: 18230049E4

2.4, Description: The DWM1001 RTLS Module is a full-function real-time location

system (or RTLS) subsystem in a compact factor. The DWM1001C
module system enables customers to quickly get a RTLS system up-
and-running. The system is design to operate on 6.490 GHz (Channel
5) Centre Frequencies Nominal with a 500 MHz Bandwidth and a data
rate of 6.8 Mbps only.

2.5. Power Source: 2.8-3.6VDC
2.6. Hardware Revision: N/A

2.7. Software Version: N/A

2.8. Modulation Type: GFSK

2.9. Operating Frequency: 2402 to 2480 MHz and 6.49 GHz Center Frequency Nominal
(Channel 5 — 500 MHz BW)

2.10. EMC Modifications: None

3. Product Configuration
3.1. Operational Characteristics & Software

Emissions:
The DW1001 was pre-configured with firmware that enabled it to be configured for testing.
Commands from the PC were sent to the device under test via a USB type A to micro USB
cable. A terminal emulator on the PC is used to generate the required commands. Note that
once the serial port settings have been entered into the terminal emulator, the reset button
located nearest the edge of the DUT host module must be pressed. The following setup is
employed by the DW1001:

Baud rate: 115,200
Data bits: 8
Stop bits: 1
Parity: None
The command instructions used for device testing are as follows:
Start channel: a<enter>CH<enter> (CH = 02, 40, 80)
Modulated Tx Carrier: o]
Output power: p OP [OP =0 (+4), 1 (0), 2 (-4), 3 (-8)
4 (-12), 5 (-16), 6 (-20), 7 (-30)]
Print current setup: S
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3. Product Configuration (continued)
3.1. Operational Characteristics & Software (continued)

Receiver Blocking:
The DW1001 was re-configured with firmware that enabled it to receive data transmitted by
the CBT 32 Bluetooth Tester and report the number of packets received. The Nordic nRFgo
Studio software package was used to control the device under test and report the number of
received packets.

3.2. EUT Hardware
Model/Part # / q Input Freq _—n -
Manufacturer . Serial Number
Options Voltage| (Hz) Description/Function
Decawave DWM1001 18230049E4 3.6 DC UWB / BLE Module
3.3. EUT Cables/Transducers
Cable Type Length Shield From To
USB 2M Yes EUT USB Charger
3.4. Support Equipment
Manufacturer Model/Part # / Options | Serial Number Input Freq Description/Function
Voltage| (Hz)
Dell Inspirion E1505 5573349937 120 60 | Laptop for Configuration
3.5. Block Diagram
decaWave
J-Link OB uUSB
for firmware
updates
decaWave
DWM1001
(DUT)

[

SMA Connector for
conducted mode
measurements
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4. Measurement Parameters

4.1. Measurement Equipment Used to Perform Test

Device Manufacturer |Model No.| Serial No. | Cal Due |Interval
EMI Test Receiver, 9kHz - 7GHz Rohde & Schwarz ESR7 101156 09/10/2021 | 2 Years
Spectrum Analyzer 20 Hz — 40 GHz ? Rohde & Schwarz FSV40 100899 09/10/2021 | 3 Years
Spectrum Analyzer, 9 kHz - 40 GHz Rohde & Schwarz FSVR40 100909 5/3/2019 2 Years
Spectrum Analyzer, 2 Hz - 26 GHz * Rohde & Schwarz FSW26 102057 09/13/2020 | 2 Years
EMI Receiver Hewlett Packard 8546A 3650A00360 | 09/11/2020 | 2 Years
Biconilog Antenna, 30 MHz to 2 GHz Sunol Sciences JB1 A050913 6/3/2019 2 Years
Horn Antenna, 960 MHz to 18 GHz Electro-Metrics EM-6961 6337 10/3/2020 2 Years
Preamplifier, 1 GHz to 26.5 GHz Hewlett Packard 8449B 3008A00329 | 09/11/2021 3 Years
Vector Signal Generator, 9 kHz to 6 GHz| Rohde & Schwarz | SMBV100A 257046 09/11/2020 | 2 Years
3-Way Pwr Splitter/Combiner 2-4.2 GHz Mini-Circuits ZA3PD-4-S | 134600708 03/14/2019 1 Year
LISN 50 ohm 50 pH, 9 kHz to 30 MHz EMCO 3825/2 9109-1860 09/10/2020 | 2 Years
1.8 t0 9.3 GHz Band Pass Filter Mini-Circuits VHP-16 0341 3/9/2019 1 Year
Power Splitter/Combiner, w/SMA RF Bay, Inc. PSC-2R-42 14110126 3/14/2019 1 Year
Digital Barometer Control Company 4195 ID236 4/3/2020 2 Years
Digital Multi-meter Fluke 187 83030167 3/30/2019 1 Year

"ESR7 Firmware revision: V3.36, Date installed: 05/16/2017 Previous V2.26 SP2, installed 11/15/2016.
2 FSV40 Firmware revision: V2.30 SP4, Date installed: 05/04/2016 Previous V2.30 SP1, installed 10/22/2014.
®FSVR40 Firmware revision: V2.23 SP1, Date installed: 08/19/2016 Previous V2.23, installed 10/20/2014.
4 FSw26 Firmware revision: V2.61 SP1, Date installed: 04/04/2017 Previous V2.40, installed 05/04/2016.

4.2. Measurement Software

Software Title or .
Manufacturer Description Model # Rev. Report Sections
Compliance Worldwide Tes.t Report Test Report 1.0 Not used for this test report
Generation Software Generator
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4. Measurements Parameters (continued)
4.3. Measurement & Equipment Setup

Test Dates: Nov. 26, 2018 to Nov. 30, 2018

Test Engineer: Brian Breault

Normal Site Temperature (15 - 35°C): 20.7

Relative Humidity (20 -75%RH): 33%

Frequency Range: 30 MHz to 5 GHz

Measurement Distance: 3 Meters

EMI Receiver IF Bandwidth: 100 or 120 kHz - 30 MHz to 1 GHz
1 MHz - Above 1 GHz

EMI Receiver Avg Bandwidth: 100 or 120 kHz - 30 MHz to 1 GHz
1 MHz - Above 1 GHz

Detector Function: Average - 30 MHz to 1 GHz

Average - Above 1 GHz
Unless otherwise specified.

4.4. Measurement Procedure
All references to ETSI EN 300 328 refer to version 2.1.1 (2016-11).

Test measurements were made in accordance ETSI EN 300 328, clause 5: Testing for
compliance with technical requirements.

Normal and Extreme Test Conditions

Normal test conditions are defined as the ambient temperature and humidity of the test
site at the time a particular test was performed. This information is specified in Section
5.2 of this report and falls within the requirements outlined in ETSI EN 300 328, clause
5.1.2.1. Power for this device is provided by a lithium polymer battery. Nominal voltage
for this product is 3.7 volts DC. To ensure a consistent supply voltage, a calibrated
voltage source was substituted in place of the lithium polymer battery.

In addition to the normal test conditions, the extreme test temperatures of -40° to
+85°C were selected in accordance with the manufacturer’s specifications and ETSI
EN 300 328, Clause 5.1.3.

Conducted Measurement Correction Factors (dB)

RF
Channel Freq. Cable
37 2402 1.40

17 2440 1.41

39 2480 1.40
Average 1.40

Notes: RF cable calibration was performed immediately before testing.

Insertion loss calibrations and calculations for the receiver blocking
measurements were performed separately and are detailed in Section
7.10.
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4. Measurements Parameters (continued)
4.4. Measurement Procedure (continued)
Antenna Gain
The antenna contained in the device under test has a peak gain of -3.0 dBi.

Duty Cycle
A duty cycle measurement was performed on the device under test and is detailed in
section 7.1.2 of this report.
4.5. Measurement Uncertainty
The following uncertainties are expressed for an expansion/coverage factor of K=2.

Parameter Uncertainty
RF output power, conducted +1.5dB
Duty Cycle 5 %
Power Spectral Density, conducted +3 dB
Occupied Channel Bandwidth 5 %
Unwanted Emissions, conducted +3 dB
All emissions, radiated +6 dB
Temperature +1°C
Humidity 15 %
DC and low frequency voltages 13 %
Time 5 %

5. Choice of Equipment for Test Suites

5.1. Choice of Model
This test report is based on the test sample supplied by the manufacturer and is reported by the
manufacturer to be equivalent to the production units.

5.2. Choice of Operating Frequencies
In accordance with ETSI EN 300 328, clauses 5.4.2.1 and 5.4.3.1, the lowest, middle and
highest channels were selected for test. For the other tests, the lowest and highest channels
were selected. The choice of operating frequencies selected for the testing detailed in this report
are outlined in the following table:

Low: 37 2402
Middle: 17 2440
High: 39 2480

5.3. Presentation
This test sample was tested complete with all required ancillary equipment. Refer to Section 3 of
this report for the product equipment configuration.

5.4. Worst Case Test Mode
The operational characteristics of the device under test, as supplied by the manufacturer, were
configured as they would be for the end user.
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5. Choice of Equipment for Test Suites (continued)
5.5 Receiver Category & Medium Utilization (MU) Factor

Category 2 - Non-adaptive equipment with a Medium Utilization (MU) factor greater than 1 %
and less than or equal to 10 % or adaptive equipment with a maximum RF output
power of 10 dBm e.i.r.p. shall be considered as receiver category 2equipment.

Medium Utilization (MU) Factor

The Medium Utilization (MU) factor is a measure to quantify the amount of
resources (Power and Time) used by non-adaptive equipment. The Medium
Utilization factor is defined by the formula:

MU = (P / 100 mW) x DC

MU is Medium Utilization factor in %.

P is the RF output power as defined in section 7.1 expressed in mW.

DC is the Duty Cycle as defined in clause 4.3.1.3.2 expressed in %.
P =434dBm=271mW

DC =899 %
MU = (2.71/ 100 mW) x 89.90% = 2.44%
MU = 2.44%
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6. Measurement Summary

ETSI Test
Transmitter Test Requirement | EN 300 328 | Report Result Comment
Reference | Section

RF Output Power 5.4.2 7.1 Compliant
Duty Cycle 5.4.2 7.1.2 Observed

: : Not Requirement applies to non-
Tx-sequence, Tx-gap 5.4.2 713 Required | adaptive equipment.
Medium Utilization 5.4.2 713 Not ~ | Requirement applies to non-

Required | adaptive equipment.

RF Power Spectral Density 5.4.3 7.2 Compliant

Not Does not apply to equipment
Accumulated Transmit Time 544 7.31 Required using wide band modulations
q other than FHSS.

Not Does not apply to equipment
Frequency Occupation 544 7.3.2 Required using wide band modulations
other than FHSS.

Not Does not apply to equipment
Hopping Sequence 544 7.3.3 Required using wide band modulations
other than FHSS.

Not Does not apply to equipment
Hopping Frequency Separation 545 7.4 using wide band modulations

Required other than FHSS.
. Does not apply to equipment
Sldei%g\git;/n(]?hannel Access 546 7.5 ReNL?itred using wide band modulations
q other than FHSS.
Occupied Channel Bandwidth 5.4.7 7.6 Compliant
Transmitter Unwanted Emissions in .
the Out-of-Band Domain 548 7 Compliant
Transmitter Unwanted Emissions in 549 78 Compliant

the Spurious Domain
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7. Measurement Data

7.1. RF Output Power, Duty Cycle, Tx-Sequence, Tx-Gap, Medium Utilization (Clause

5.4.2)

7.1.1. RF Output Power Utilization (Clause 5.4.2.2)

Requirement:

Test Conditions:

Test Method:

Test Notes:

Test Results

For equipment using FHSS modulation, the measurements shall
be performed during normal operation (hopping) and the
equipment is assumed to have no blacklisted frequencies
(operating on all hopping positions).

For equipment using wide band modulations other than FHSS, the
measurement shall be performed at the lowest, the middle, and
the highest channel on which the equipment can operate. These
frequencies shall be recorded.

For adaptive equipment using wide band modulations other than
FHSS, the maximum RF output power shall be 20 dBm. (clause
4.3.2.2.3)

The measurements for RF output power shall be performed at
both normal environmental conditions and at the extremes of the
operating temperature range. (clause 5.4.2.1)

The test method for RF output power is detailed in ETSI EN 300
328, clause 5.4.2.2, Annex B and Annex C.

For systems using wide band modulations other than FHSS, the
measurement shall be performed at the lowest, the middle, and
the highest channel on which the equipment can operate. These
frequencies shall be recorded. (clause 5.4.2.1)

The software for the device under test was configured based on
the operating instructions detailed in section 3.2 of this test report.

Compliant
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7. Measurement Data

7.1. RF Output Power, Duty Cycle, Tx-Sequence, Tx-Gap, Medium Utilization (Clause
5.4.2) (continued)

7.1.1. RF Output Power Utilization (Clause 5.4.2.2.1) (continued)

7.1.1.1. Measurement Results - Normal Test Conditions

21.7°C, 3.7 VDC

. Ant. RF Output A .
Ch. F"mll‘_'ez’)‘cy A’?dpé'rt:)de Gain Powgr (epirp) ('a'é"r:) M(%’g)'" Result
(dBi) (dBm)
37 2402 3.500 0.00 3.50 20 -16.50 | Compliant
17 2440 3.448 0.00 3.45 20 -16.55 | Compliant
39 2480 3.368 0.00 3.37 20 -16.63 | Compliant
7.1.1.2. Measurement Results — Extreme Test Conditions -40°C, 3.7 VDC
Frequency | Ampli Ant. | RFOutput |\ .t | Margin
ch. | warz) (dertrl:)de g?_,:{; P°‘2’;,;,(T‘f)"p) (dBmt) @g) | Result
37 2402 4.254 0.00 4.25 20 -15.75 | Compliant
17 2440 4.337 0.00 4.34 20 -15.66 | Compliant
39 2480 4.229 0.00 4.23 20 -15.77 | Compliant

7.1.1.3. Measurement Results — Extreme Test Conditions

+85°C, 3.7 VDC

. Ant. RF Output . .
Ch. Fr(:lc\]nl:-lezr;cy Ar?dpélrt:)de Gain | Power (eirp) (Ia'énr:) M(ng)m Result
(dBi) (dBm)
37 2402 2.583 0.00 2.58 20 -17.42 | Compliant
17 2440 2.539 0.00 2.54 20 -17.46 | Compliant
39 2480 2.400 0.00 2.40 20 -17.60 | Compliant
7.1.1.4. Measurement Results — Worst Case
. Ant. | RF Output . .
Ch. Fr?l?nlll-lezr;cy Ar?dpgrtr:l)de Gain | Power (eirp) (Ia'g::) M(ng)m Condition Result
(dBi) (dBm)
37 2402 4.254 0.00 4.25 20 -15.75 |-40°C,3.7VDC | Compliant
17 2440 4.337 0.00 4.34 20 -15.66 | -40°C, 3.7 VDC | Compliant
39 2480 4.229 0.00 4.23 20 -15.77 | -40°C, 3.7VDC | Compliant

Compliance Worldwide, Inc. - 357 Main Street - Sandown, NH 03873
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7. Measurement Data

7.1. RF Output Power, Duty Cycle, Tx-Sequence, Tx-Gap, Medium Utilization (Clause
5.4.2) (continued)
7.1.1. RF Output Power Utilization (Clause 5.4.2.2.1) (continued)

7.1.1.1. 2402 MHz, Normal Operating Conditions (20.7°C, 3.7 VDC)

3.6 dBm 0.1 dB /div 300 us/div
Y I

PP | PR P A T AT e s A f .r,mml J D A T i Vv e, SO SR e PV ﬂ

i —
|

™ 600 us 2.4 ms
Measure STOP  Level Lines MNormal Temperature (20.7°C)
Points 500 1 3.5 dBm
View NORM 2 3.433 dBm
A 0.067 d8  12018-11-27 2402 MHz

7.1.1.2. 2402 MHz, Extreme Operating Conditions (-40°C, 3.7 VDC)

4.4 dBm 0.1 dB /div 300 us/div
v

[ Yy ey NHJLJLWMW‘MJ\A\\MV-Wﬁw_wML P I SSRGS Wt P vy e 3

\
f

L s
-600 us

] 2.4 ms
Measure STOP  Level Lines Extreme Temperature (-40°C)
Points 500 1 4.254 dBm
View NORM 2 4.187 dBm
A 0.067 d8  |2018-11-27 2402 MHz
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7. Measurement Data

7.1. RF Output Power, Duty Cycle, Tx-Sequence, Tx-Gap, Medium Utilization (Clause
5.4.2) (continued)

7.1.1. RF Output Power Utilization (Clause 5.4.2.2.1) (continued)
7.1.1.3. 2402 MHz, Extreme Operating Conditions (+85°C, 3.7 VDC)

2.8 dBm 0.1 dB /div 300 us/div
v

A A

B

-600 us 2.4 ms
Measure STOP  Level Lines Extreme Temperature (+85°C)
Points 500 1 2.583 dBm
View NORM 2 2.522 dBm
A 0.061d8 | 2018-11-27 2402 MHz

7.1.1.4. 2440 MHz, Normal Operating Conditions (20.7°C, 3.7 VDC)

3.6dBm ] 0.1 dB /div 300 us/div
A\ I
At ol fredl A i) T ‘MWLV‘\"\{:.J\(‘-"{:-,\J.,M'U\;—.,-’\-\:u-."‘,!"-\f-ﬂ\l r.rmwvw.\rwwh Pl L T L 3
-l
-600 us 2.4 ms
Measure STOP  Level Lines Normal Temperature (20.7°C)
Points 500 1 3.448 dBm
View NORM 2 3.381 dBm
A 0.067 d8 12018-11-27 2440 MHz
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7. Measurement Data

7.1. RF Output Power, Duty Cycle, Tx-Sequence, Tx-Gap, Medium Utilization (Clause
5.4.2) (continued)

7.1.1. RF Output Power Utilization (Clause 5.4.2.2.1) (continued)
7.1.1.5. 2440 MHz, Extreme Operating Conditions (-40°C, 3.7 VDC)

~4.5dBm ] 0.1 dB /div 300 usfdiv
v I
Wil AR AR A RR P AP A B e P et~V ey ]ﬂw—u'www—.-iM*.WMHMMJ\'N#MMWW\-MM 3
: |
600 us ) ) ) ) ) 2.4ms
Measure STOP  Level Lines Extreme Temperature {-40°C)
Points 500 1 4.337 dBm
View NORM 2 4.273 dBm
A 0.063d8 12018-11-27 2440 MHz

7.1.1.6. 2440 MHz, Extreme Operating Conditions (+85°C, 3.7 VDC)

2.7 dBm ] 0.1 dB /div 300 usfdiv ] ]
v I
e e o S G T R T 5 Wl 1 1 L,‘\r..ll"l"\ l-du A Mo e b P e T oy 3

l

600 us ) S ) ) 2.4ms

Measure STOP  Level Lines Extreme Temperature (+85°C)
Points 500 1 2.539 dBm
View NORM 2 2.472 dBm
A 0.067 d8 12018-11-27 2440 MHz
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7. Measurement Data

7.1. RF Output Power, Duty Cycle, Tx-Sequence, Tx-Gap, Medium Utilization (Clause
5.4.2) (continued)

7.1.1. RF Output Power Utilization (Clause 5.4.2.2.1) (continued)
7.1.1.7. 2480MHz, Normal Operating Conditions (20.7°C, 3.7 VDC)

3.6 dBm 0.1 dB /div 300 us/div
) v ) | ) ) )

AT ety '\ft.wrfwwnw-vrvmrfk.JLJ.MM“lwm:rﬁqu JFM\N‘\—-N'"\VU\‘-W—'\"‘L'rv""\w"‘lr"'\le‘h“il
. . I . | .
|

" -

-600 us 2.4 ms
Measure STOP  Level Lines MNormal Temperature (20.7°C)
Points 500 1 3.368 dBm
View HORM 2 3.295 dBm
A 0.073d8 12018-11-27 2480 MHz

7.1.1.8. 2480 MHz, Extreme Operating Conditions (-40°C, 3.7 VDC)

4.5 dBm 0.1 dB /div 300 us/div
Y I
] I |
w‘-_..-vw.l\.z.lwvmwh! Vet e LA R I P FVLA A T q-f‘"‘luL/\Jl: J_hnw\.rm\ TR T S T ) M-ﬂ;r-wmwm\.r'\{ ﬁ
I |
H | |
500 us ) ) ) ) ) 2.4 ms
Measure STOP  Level Lines Extreme Temperature (-40°C)
Points 500 1 4.229 dBm
View NORM 2 4.164 dBm
A 0.065d8  12018-11-27 2480 MHz
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7. Measurement Data

7.1. RF Output Power, Duty Cycle, Tx-Sequence, Tx-Gap, Medium Utilization (Clause
5.4.2) (continued)

7.1.1. RF Output Power Utilization (Clause 5.4.2.2.1) (continued)
7.1.1.9. 2480 MHz, Extreme Operating Conditions (+85°C, 3.7 VDC)

~2.6dBm ] 0.1 dB /div 300 usfdiv ] ]
v I
| N T T AT MN,WMTWA.\.\'W.,WM,WAN\WmH\ (w'w-v TNV | YV Vs Vo S e MJJ\,,.IMJ.M-‘I\_,.,. 3
[
|

-600 us 2.4 ms
Measure STOP  Level Lines Extreme Temperature (+85°C)
Points 500 1 2.4 dBm
View HORM 2 2.331 dBm

A 0.060 dB 12018-11-27 2480 MHz
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7. Measurement Data (continued)
7.1. RF Output Power, Duty Cycle, Tx-Sequence, Tx-Gap, Medium Utilization (Clause

5.4.2)
7.1.2. Duty Cycle (Clause 5.4.2.2.1.3)
Requirement: The calculated value for Duty Cycle (DC) shall be recorded in the

test report. This value shall be equal to or less than the maximum
value declared by the manufacturer.

Test Conditions: Duty cycle measurements were performed at normal conditions.

Test Method: The duty cycle measurements were performed in accordance with
the requirements detailed in clause 5.4.2.2.1.3. The test method

for RF output power is detailed in ETSI EN 300 328, clause
5.4.2.2, Annex B and Annex C.

Requirement: Required for power spectral density measurement.
Results:
on | Tz | md | ms) | Duvyele | P
37 2402 1.05900 1.17800 0.89898 89.90
17 2440 1.05900 1.17800 0.89898 89.90
39 2480 1.05900 1.17800 0.89898 89.90

7.1.2.1. Duty Cycle — TXon and TXon + TXog, Channel 37

Spectrum | u%;
Ref Level 15.00 dBm Offset 1.40 dB & RBW 1 MHz
e ALt 40 dB & SWT Sms & VBW 1 MHz
TRG:VID
407-18 decaWave DWMI1001 Duty Cycle @1Pk View
mi[1] 1.97 dBm
1.000 ps
10 dém p2[1] 1.73 dB
5 dBm 1.059000 ms
......... T L] il TIE e ™ I'"'Ill . T TR | l"'r' T T 0]
0d +
S dBr
—10-dBm—(TRG -10.000 darm-
-15 dém
-20 dém
-25 dem+
-30 dBm
CF 2.402 GHz 5001 pts S00.0 ES;’
Marker
Type | Ref | Tre | X-value | ¥-value |  Function | Function Result |
M1 1 1000.0 ns 1.97 dBm
Dz M1| 1| 1.059 ms | =1.73dB |
D3 M1 1 1.178 ms | 0.07 dB |
~r ¥ 1
J Measuring...  QEARNENND e 04:22:25 PM
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CERTIFICATE NUMBER: 1673.01

Test Number: 407-18 Issue Date: 11/30/2018

7. Measurement Data (continued)

7.1. RF Output Power, Duty Cycle, Tx-Sequence, Tx-Gap, Medium Utilization (Clause
5.4.2)

7.1.2. Duty Cycle (Clause 5.4.2.2.1.3)
7.1.2.2. Duty Cycle — TXon and TXon + TXog, Channel 17

Spectrum

B

Ref Level 15.00 dBm Offset 1.40 dB & RBW 1 MHz

b ALt 40 dBé & SWT S5ms & VBW 1 MHz
TRG:VID

407-18 decaWave DWM1001 Duty Cycle @1Pk View

mMi[1] 1.86 dBm

1.000 ps
-2.09 dB
1.059000 ms

10 dBm

D2[1]

5 dém:

TR T Il e e e s I W lm..- T
0 de

-5 dBm

&

10-ciBm

TRG -10.000 dény

-15 dém

-20 dBém

-25 deém

-30 dem

CF 2.44 GHz 5001 pts 500.0 ps/

Marker

| T!EBI Ref | Tre | ¥-value | ¥-value |
M1 |1 1000.0 ns | 1.86 dém |

pz| M1 1] 1.059 ms | -2.09 db |

p3| mi| 1] 1.178 ms | 0.00 dB |

™

Function | Function Result Il

= - —
L B | Measuring...  GRRRRAIED W

11
0419116 PM

7.1.2.3. Duty Cycle - TXon and TXo, + TXo, Channel 39

Spectrum

B

Ref Level 15.00 dBm Offset 1.40 dB & RBW 1 MHz
b ALt 40 dBé & SWT S5ms & VBW 1 MHz
TRG:VID

407-18 decaWave DWM1001 Duty Cycle @1Pk View

mMi[1] 1.66 dBm
1.000 ps
-2.07 dB

1.059000 ms

10 dBm

D2[1]
5

M T T ul wTE bl Aall el Lh lrr-‘u—r TRTEETRT
0 de —-

-5 dBm

&

10-ciBm

TRG -10.000 dény

-15 dém

-20 dBém

-25 deém

-30 dem

CF 2.48 GHz 5001 pts 500.0 ps/ |

Marker

| Tgenl Ref | Tre | ¥-value | ¥-value |
M1 | 1 1000.0 ns | 1.66 dBm |

pz| M1 1] 1.059 ms | -2.07 db |

p3| mi| 1] 1.178 ms | 0.08 dB |

™

Function | Function Result Il

= - —
L I | Measuring...  EEERRRRAD W6

11
04125149 PM
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7. Measurement Data (continued)
7.1. RF Output Power, Duty Cycle, Tx-Sequence, Tx-Gap, Medium Utilization (Clause

5.4.2)
7.1.3. Tx-sequence, Tx-gap (5.4.2.2.1.3)
Requirement: This test is not required for this device.

This requirement applies to non-adaptive equipment.

7.1.4. Medium Utilization (5.4.2.2.1.4)
Requirement: This test is not required for this device.
This requirement applies to non-adaptive equipment.
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® A

7. Measurement Data (continued)
7.2. RF Power Spectral Density (Clause 5.4.3)

Requirement: The Power Spectral Density (PSD) is the mean equivalent
isotropically radiated power (e.i.r.p.) spectral density in a 1 MHz
bandwidth during a transmission burst. This requirement applies
to all types of equipment using wide band modulations other than
FHSS.

The measurements for power spectral density shall be performed
at normal environmental conditions only. Reference ETSI EN 300
328, clause 5.4.3.1.

Test Conditions:

Test Method: The test method for RF output power is detailed in ETSI EN 300
328, clause 5.4.3.2.1, Option 1.
Test Notes: The software for the device under test was configured exactly as it

would have been in an end-user environment. The hardware was
modified with the addition of an SMA connector to facilitate
conducted mode measurements.

Test Results Compliant
Channel Measured I .
PSD Limit Margin
Ch. | Frequency | Frequency Result
(MHz) (MHz) (dBm) | (dBm) (dB)
37 2402 2401.985 0.12 10 -9.88 Compliant
17 2440 2439.980 0.13 10 -9.87 Compliant
39 2480 2479.985 0.15 10 -9.85 Compliant
Note: PSD was determined by capturing the trace data from the plots on

the next two pages and using the procedure detailed in Option 1 of
section 5.4.3.2.1.
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7. Measurement Data (continued)

7.2. RF Power Spectral Density (Clause 5.4.3) (continued)

7.2.1. Low Frequency, Channel 37, 2402 MHz

=)

i Spectrum ]

Ref Level 20.00 dBm Offset 1.40 dB & RBW 10 kHz

10 s & VBW 30 kHz

Mode Sweep

pos ALL 35 dB & SWT

-12.29 dBm

[407-18 decaWave DWM1001 Power Spectral Density @1Rm View
Mi[1]

2.40201500 GHz

-60
=70 dém—

Start 2.4 GHz 8351 pts Stop 2.4835 GHz
il ] Heasuring... QUNMNANAD WA O

I

7.2.2. Middle Frequency, Channel 17, 2440 MHz
&

i Spectrum ]

Ref Level 20.00 dBm Offset 1.40 dB & RBW 10 kHz
je ALt 35 dB & SWT 10 5 » VBW 30 kHz Mode Sweep
[407-18 decaWave DWM1001 Power Spectral Density @1Rm View
mi[1] -12.45 dBm
2.43996000 GHz
10 dBm
0 dBm:
-10 dém
A
-20 dém li'\
-30 dBm {' \
-40 deém ’
-50 dBm T \
N |

Stop 2.4835 GHz

8351 pts

[ CEREURE X 04:53:27 PM

Start 2.4 GHz

. il

I 41

Measuring...
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Test Number: 407-18 Issue Date: 11/30/2018

7. Measurement Data (continued)

7.2. RF Power Spectral Density (Clause 5.4.3) (continued)
7.2.3. High Frequency, Channel 39, 2480 MHz

Spectrum ] :%J
Ref Level 20.00 dBm Offset 1.40 d& & RBW 10 kHz

o AL 35 dB e SWT 10 < & VBW 30 kHz Mode Sweep
[407-18 decaWave DWM1001 Power Spectral Density @1Rm View

mMi[1] 11.92 dBm
2.48007500 GHz
10 dam

0 dBm:

-10 dém

-20 dBm

-30 dem

———

-40 dBm

-50 dBm

-60 dBm 'h

Start 2.4 GHz 8351 pts

Stop 2.4835 GHz
—
Measuring...  GUARLLLED e

1
B4 132 PM
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7. Measurement Data (continued)

7.3. Accumulated Transmit Time, Frequency Occupation and Hopping Sequence
(Clause 5.4.4)

7.3.1. Accumulated Transmit Time (Clause 5.4.4)

Definition: The Accumulated Transmit Time is the time that a particular
hopping frequency would be occupied by the transmitter during a
single hop. This requirement does not apply to equipment using
wide band modulations other than FHSS.

7.3.2. Frequency Occupation (Clause 5.4.4)

Definition: The minimum frequency occupation time is the minimum time
each hopping frequency shall be occupied within a given period.
This requirement does not apply to equipment using wide band
modulations other than FHSS.

7.3.3. Hopping Sequence (Clause 5.4.4)

Definition: The Hopping sequence of a frequency hopping system is the
unrepeated pattern of the hopping frequencies used by the
equipment. This requirement does not apply to equipment using
wide band modulations other than FHSS.

7.4. Hopping Frequency Separation (Clause 5.4.5)

Definition: The hopping frequency separation is the frequency separation
between two adjacent hopping frequencies. This requirement
does not apply to equipment using wide band modulations other
than FHSS.

7.5. Adaptivity (Channel Access Mechanism) (Clause 5.4.6)

Definition: Adaptive frequency hopping using LBT based DAA is a
mechanism by which a given hopping frequency is made
'unavailable' because signal was detected before any
transmission on that frequency. This requirement does not apply
to equipment using wide band modulations other than FHSS.
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7. Measurement Data (continued)
7.6. Occupied Channel Bandwidth (Clause 5.4.7)

Definition: The occupied channel bandwidth is the bandwidth that contains
99 % of the power of the signal. (4.3.2.7.2).
Requirement: The occupied channel bandwidth shall fall completely within the

24 GHz to 2.4835 GHz band. In addition, for non-adaptive
systems using wide band modulations other than FHSS and with
e.i.r.p greater than 10 dBm, the occupied channel bandwidth shall
be less than 20 MHz. (4.3.2.7.3).

Test Conditions: Performed at normal temperature conditions only (clause 5.4.7.1).

Test Method: The test method for occupied channel bandwidth is detailed in
ETSI EN 300 328, clause 5.4.7.2.1.
Test Notes: All tabled measurements are in dB.

The occupied bandwidth is determined from the leading edge of
the occupied bandwidth of the lowest channel and the trailing
edge of the occupied bandwidth of the highest channel.

Test Results: Compliant
Frequenc Channel L?:::I?éJ .
Ch. q Y | Bandwidth 9 Requirement Result
(MHz) (MHz2) Edges
(MHz)
37 2402 1.7848 2401.1055 >2400.0 Compliant
39 2480 1.8106 2480.9065 <2483.5 Compliant
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Test Number: 407-18

7. Measurement Data (continued)
7.6. Occupied Channel Bandwidth (Clause 5.4.7)
7.6.1. Occupied Channel Bandwidth, Lowest Channel (Channel 37, 2402 MHz)

Spectrum :%1
Ref Level 0.00 dém Offset 1.40 dB » RBW 50 kHz
b ALt 35 dB & SWT 1s & VBW 200 kHz Mode Sweep
(407-18 decaWave DWM1001 Occupied Channel Bandwidth @ 1Rm View
Ml mM1[1] -3.35 dBm
A 2.401968270 GHz

“Sdom J/J N\'\ Occ Bw 1.784816190 MHz
-10 dBm \ﬂ»\

-15 ey f I,

-20 dém /‘/J V\A =
/"’ ‘a\

-30 dBm
-35 dB ]"‘r \\
J 3\

-40 dBm 7 \

45 dBi /I"M\\ /." \\ !‘nﬁ\

CF 2.402 GHz 8351 pts Span 5.0 MHz
Marker |
Tgenl Ref | Tre | ¥-value | Y-value | Function | Function Result I;
| M1 1l 2.40196827 GHz | -3.35 dBm | |

T1| | 1] 2.4011085496 GHz | -22.63 dBm | Occ Bw | 1.78481619 MHz
T2| |1 2.4D2890313 GHz | -23,13 dBm | [
— e ——— e —]
J! Measuring...  EEARERNND S o Py

7.6.2. Occupied Channel Bandwidth, Highest Channel (Channel 39, 2480 MHz)

Spectrum :%1
Ref Level 0.00 dém Offset 1.40 dB » RBW 50 kHz
e ALL 35 dB & SWT 15 @ VBW 200 kHz Mode Sweep
(407-18 decaWave DWM1001 Occupied Channel Bandwidth @ 1Rm View
™ M1[1] -3.24 dBm
A 2.479983240 GHz

“Sdom /,l *.\q\ Occ Bw 1.810561609 MHz
-10 dBm #

-15 dB A f A
-20 dém — \\ 2
-25 dem /U \\

-30 dBm "H \”\.-
-35 dB // \-\

-40 dBm J ‘

-45 dB /Mﬁ\‘\ / \ f.ﬂﬁ \'.\

CF 2.48 GHz 8351 pts Span 5.0 MHz
Marker |
Tgenl Ref | Tre | ¥-value | Y-value | Function | Function Result I;
I M1 1l 2.47998324 GHz | -3.24 dém | |

T1| | 1] 2.479095917 GHz | -22.15 dBm | Occ Bw | 1.810561609 MHz
T2| |1 2.480908478 GHz | -21.66 dBm | [
- T Y EZE I
L I | Measuring...  QEERNANED Wl i
Jat 7.H0V. 7
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7. Measurement Data (continued)
7.7. Transmitter Unwanted Emissions in the Out-of-Band Domain (Clause 5.4.8)
Definition: Transmitter unwanted emissions in the out-of-band domain are
emissions when the equipment is in transmit mode, on
frequencies immediately outside the necessary bandwidth which

results from the modulation process, but excluding spurious.
(clause 4.3.2.8.2)

Requirement: The transmitter unwanted emissions in the out-of-band domain but
outside the allocated band, shall not exceed the values provided
by the following mask. Signal bandwidth for this device is 1 MHz.

Spurious Domain Out Of Band Domain (O0B) Allocated Band Out Of Band Domain (O0B) Spurious Domain

A r

2400 MHz - 2BW 2 400 MHz - BW 2 400 MHz 24835MHz  24835MHz + BW 24835 MHz + 2BW

A: -10 dBm/MHz e.i.rp.
B: -20 dBm/MHz e.i.rp. BW = Occupied Channel Bandwidth in MHz or 1 MHz whichever is greater

C: Spurious Domain limits

Figure 1
Test Conditions: To be performed at normal environmental conditions only. (clause
5.4.8.2).
Test Method: The test method for transmitter unwanted emissions in the out-of-
band domain is detailed in ETSI EN 300 328, clause 5.4.8.2.1.
Test Note: The occupied channel bandwidth is detailed in the previous
section.
Test Results: Compliant
Worst Antenna
Band Case Gain EIRP Limit Margin Result
Emission (dBi) (dBm) (dBm) (dB)
(dBm)
2398.2t0 2400.0 | -34.34 0.00 -34.34 -6.50 -27.84 | Compliant
2396.4 to 2398.2 -39.93 0.00 -39.93 | -16.50 -23.43 | Compliant
2394.6 t0 2396.4 | -40.22 0.00 -40.22 | -30.00 -10.22 | Compliant
2483.5t02485.3 | -34.50 0.00 -34.50 -6.63 -27.87 | Compliant
2485.3 to 2487.1 -36.57 0.00 -36.57 | -16.63 -19.94 | Compliant
2487.1102488.9 | -36.84 0.00 -36.84 | -30.00 -6.84 | Compliant
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7. Measurement Data (continued)
7.8. Transmitter Unwanted Emissions in the Spurious Domain (Clause 5.4.9)

Definition:

Requirement:

Test Conditions:
Test Method:

Test Notes:

Test Results:

Transmitter unwanted emissions in the spurious domain are
emissions outside the allocated band and outside the Out-of-band
Domain as indicated when the equipment is in Transmit mode.
(clause 5.4.9.2)

The transmitter unwanted emissions in the spurious domain shall
not exceed the values given in the following table. (clause
4.3.2.9.3)

Maximum Power,
Frequency Range ERP (=1 GHz) Bandwidth
EIRP (> 1 GHz)

30 MHz to 47 MHz -36 dBm 100 kHz

47 MHz to 74 MHz -54 dBm 100 kHz
74 MHz to 87.5 MHz -36 dBm 100 kHz
87.5 MHz to 118 MHz -54 dBm 100 kHz
118 MHz to 174 MHz -36 dBm 100 kHz
174 MHz to 230 MHz -54 dBm 100 kHz
230 MHz to 470 MHz -36 dBm 100 kHz
470 MHz to 862 MHz -54 dBm 100 kHz

862 MHz to 1 GHz -36 dBm 100 kHz
1 GHz to 12.75 GHz -30 dBm 1 MHz

Performed at normal temperature conditions only. (clause 5.4.9.1).

Measurements need to be performed at the lowest and the
highest operating frequencies. The test method for transmitter
unwanted emissions in the spurious domain is detailed in ETSI EN
300 328, clause 5.4.9.2.1.

Measurements include all correction factors.

A notch filter specifically designed to reduce the levels of wanted
emissions in the 2.4 GHz ISM band was installed to ensure that
inaccurate measurement results due to preamp gain compression
did not occur.

Compliant
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7. Measurement Data (continued)
7.8. Transmitter Unwanted Emissions in the Spurious Domain (Clause 5.4.9)
7.8.1. Low Channel 37 (2402 MHz)

Lowest 2402 MHz
Frequency:
Highest
power +4 dB EIRP
setting:
Duty Cycle: N/R  dBm Carrier
y Lycle: unmodulated
Rel. 32 % Air 1011 hPa
humidity: Pressure:
Ambient 207 °C
temp.:
Maximum

Test Emission

Frequency Res BW Frequency | Observed Limit Margin
(MHz) (kHz) (MHz) (dBm) (dBm) | (dBm)
47t0 74 64.013 -71.28 -17.28
87.5t0 118 100 108.364 -75.59 54 -21.59
174 to 230 192.043 -72.93 -18.93
470 to 862 742.084 -74.31 -20.31
30 to 47 38.143 -77.26 -41.26
74 t0 87.5 83.668 -75.47 -39.47
118 to 174 100 147.662 -73.60 | -36 -37.60
230 to 470 384.015 -71.67 -35.67
862 to 1000 985.754 74.31 110.31
1000 to
12750 1000 7206.990 -39.49 | -30 -9.49
Measurement uncertainty: +1.5 (ERP) dB
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7. Measurement Data (continued)

7.8. Transmitter Unwanted Emissions in the Spurious Domain (Clause 5.4.9) (Cont'd)
7.8.2. High Channel 39 (2480 MHz)

dighest 2480 MHz
requency:

Highest

power N/A  dB EIRP

setting:

Duty Cycle: NR dB Carrier

' unmodulated

Rel. Air

humidity: 32 % Pressure: 1011 hPa
Ambient

temp.: 20.7 °C

Maximum
Test Emission
Frequency Res BW Frequency | Observed Limit | Margin
(MHz) (kHz) (MHz) (dBm) (dBm) | (dBm)

47 to 74 64.128 -71.85 -17.85
87.5t0 118 100 107.273 -75.87 54 -21.87
174 to 230 192.043 -73.49 -19.49
470 to 862 512.039 -73.74 -19.74
30 to 47 35.896 -76.59 -40.59
74 t0 87.5 84.214 -75.94 -39.94
118 to 174 100 127.968 -73.97 | -36 -37.97
23010 470 384.015 -71.29 -35.29
862 to 1000 876.490 -73.70 -37.70
1000 to

12750 1000 4960.080 -36.92 | -30 -6.92
Measurement uncertainty: +1.5 (ERP) dB
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7. Measurement Data (continued)
7.8. Transmitter Unwanted Emissions in the Spurious Domain (Clause 5.4.9) (Cont'd)
7.8.3. Measurement Plots
7.8.3.1. Low Channel 37 (2402 MHz), 30 MHz to 1 GHz

i Spectrum ] [‘%‘]

Ref Level -30.50 dém Offset 1.40 dB & RBW 100 kHz

j= ALt 10 dB & SWT 30 s » VBW 300 kHz Mode Sweep
[407-18 decaWave DWM1001 Emissions in the Spunous Domain - LF @1Pk View
100 MHz mi[1] -77.26 dBm
| -35 dm = —— - 38.1434 MHz
EN 300 diated Spurnous M2[1] 71.28 dBm
64.0129 MHz

19401 pts Stop 1.0 GHz |
Marker |
|_Type | Ref | Tre | X-value | Y-value | Function | Function Result i
M1 1 38,1434 MHz -77.26 dBm |
M2 1 £4.0128 MHz | -71,28 dém |
M3 1 83.6678 MHz | -75.47 dBm |
M4 1] 108,3638 MHz | ~75.59 dBm |
Ms] 1] 147.6616 MHz | -73.60 dBm |
ME 1 192.0432 MHz | -72,93 dBm |
[ Y 384.0151 MHz | -71.67 dem |
me 1] 742.0839 MHz | -74.31 dBm |
M| 1l 985.7537 MHz | -74.31 dBm | |
E L
L :1; Measuring...  EENRREEED W6 09:50:39 AM

7.8.3.2. Low Channel 37 (2402 MHz), 1 GHz to 12.75 GHz

Spectrum ]
Ref Level -20.00 dém Offset 1.40 dB & RBW 1 MHz
j ALt 10 dB & SWT J0s » VBW 3 MHz Mode Sweep
[407-18 decaWave DWM1001 Emissions in the Spunous Domain - LF @1Pk View
mMi1[1] -46.63 dBm
" 4.803090 GHz
-25 dém m2l1] 39.49 dBm
7.206990 GHz

o
v

30-clbm

-35 dBm ;

EN 300 328 Radiated Spurious

=40 dem

-45d

-50 dém

-55 dBém

-60 dBm

Start 1.0 GHz 23501 pts Stop 12.75 GHz
Marker
Type | Ref | Trc | X-value | Y-value | __Function Function Result |
M1 1] 4.80300 GHz | ~46.63 dém |
Mz 1 7.20699 GHz -309.40 dBm |

-

T
Measuring...  [EUERRENED W6 10152008 AM

L S
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7. Measurement Data (continued)
7.8. Transmitter Unwanted Emissions in the Spurious Domain (Clause 5.4.9) (Cont'd)
7.8.3. Measurement Plots
7.8.3.3. High Channel 39 (2480 MHz), 30 MHz to 1 GHz

i Spectrum ] [‘%‘]

Ref Level -30.50 dém Offset 1.40 dB & RBW 100 kHz

j= ALt 10 dB & SWT 30 s » VBW 300 kHz Mode Sweep
[407-18 decaWave DWM1001 Emissions in the Spunous Domain - HF @1Pk View
100 MHz mi[1] -76.59 dBm

- - — ; 35.8960 MHz
diated Spurious M2[1] 71.85 dBm
64.0129 MHz

19401 pts Stop 1.0 GHz |
Marker |
|_Type | Ref | Tre | X-value | Y-value | Function | Function Result i
M1 1 35.896 MHz -76.59 dBm |
M2 1 £4.0128 MHz | -71,85 dém |
M3 1 84.2139 MHz | -75,94 dBm |
M4 1] 107,2725 MHz | -75.87 dBm |
Ms] 1] 127.9675 MHz | -73.97 dBm |
ME 1 192.0432 MHz | -73,49 dBm |
M7 | 1 384.0151 MHz | -71,29 dém |
me 1] 512.039 MHz | -73.74 dBm |
M| 1l 76,4896 MHz | -73.70 dBm | |
il n T
L JL Measuring...  URRRNECHD 6 10:20:26 AM

7.8.3.4. High Channel 39 (2480 MHz), 1 GHz to 12.75 GHz
rSpecl:r‘um ] [‘%‘]

Ref Level -20.00 d&m Offset 1.40 dB & RBW 1 MHz

je ALt 10 dB & SWT J0 s » VBW 3 MHz Mode Sweep
[407-18 decaWave DWM1001 Emissions in the Spunous Domain - HF @1Pk View
M1[1] -36.92 dBm
" 4.960080 GHz
-25 dém m2l1] 44,54 dBm
7.438976 GHz
- by A
B 30 :
-35 dBm t L
EN 300 328 Radiated Spurious 1
=40 de
Mz
-45d
-50 dem
-55 dBm |
L
Start 1.0 GHz 23501 pts Stop 12.75 GHz
Marker |
Type | Ref | Tre | X-value | ¥-value | Function | Function Result |
M1 Y 4.96008 GHz | -36.92 dBém | |
M2 1l 7.438976 GHz | -44,54 dBm | |
- — e —
L JL Measuring...  URRRNECHD 6 10:37105 AM
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7. Measurement Data (continued)
7.9. Receiver Spurious Emissions (Clause 5.4.10)

Definition:

Requirement:

Test Conditions:

Test Note:
Test Results:

Receiver spurious emissions are emissions at any frequency
when the equipment is in receive mode. (clause 4.3.2.10.2)

The spurious emissions of the receiver shall not exceed the
values given in the following table. (clause 4.3.2.10.3)

Maximum Power,
Frequency Range ERP (=1 GHz) Bandwidth
EIRP (> 1 GHz)
30 MHz to 1 GHz -57 dBm 100 kHz
1 GHz to 12.75 GHz -47 dBm 1 MHz

Testing shall be performed when the equipment is in a receive-
only mode. Performed at normal temperature conditions only.
(clause 5.4.10.1).Test Method: The test method for
transmitter unwanted emissions in the spurious domain is detailed
in ETSI EN 300 328, clause 5.4.10.2.1.

Measurements include all correction factors.
Compliant

7.9 1. Receiver Spurious Emissions, 30 MHz to 1 GHz

Spectrum | =
Ref Level -35.00 d@m Offset 1.40 d&@ & RBW 100 kHz
p ALL 10 dB SWT 97 ms & YBW 300 kHz Mode Sweep

407-18 decaWwave DWMI1001 Receiver Spurious Emissions @ 1Pk View
100 MHz

mM1[1] 68.88 dBm

~40 dBém

64.0013 MHz

m2[1] 72.99 dBm

32.0170 MHz

-45 d

-50 dem

-55 dBm

-60 de

-65 dBm

0 dBm

-15d

Start 30.0 MHz

19401 pts Stop 1.0 GHz

Marker

M2

X-value | ¥-value | Function | Function Result |

Type | Ref | Trc |
M1 1

64.0013 MHz |
1 32.017 MHz |

-68.88 dBm |
-72.99 dBm

Measuring...  ERRRERLLD S

11,
11117120 AM
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7. Measurement Data (continued)
7.9. Receiver Spurious Emissions (Clause 5.3.11)
7.9 2. Receiver Spurious Emissions, 1 GHz to 12.75 GHz

Spectrum ] :%1
Ref Level -30.00 dém Offset 1.40 dB& & RBW 1 MHz
b ALL 10 dB  SWT 47 ms & VBW 3 MHz Mode Sweep
[407-18 decaWwave DWML001 Receiver Spurious Emissions @ 1Pk View

mi[1] -54.96 dBm
$.956580 GHz

-35 dém

-40 dem

-45 dBm

D1 -47.000 dBmv

-50d

-55 de

-60 dBm

-70d

=75 deém

Start 1.0 GHz 23501 pts Stop 12.75 GHz

Marker
Type | Ref | Trc | X-value | ¥-value | Function | Function Result |
M1 Y 4.95658 GHz | -54,06 dBm |

- - —
Measuring...  EEAMMANLD A b i

41
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Measurement Data (continued)
7.10. Receiver Blocking (Clause 5.4.11)

Definition: Receiver blocking is a measure of the ability of the equipment to
receive a wanted signal on its operating channel without
exceeding a given degradation in the presence of an unwanted
signal (blocking signal) at frequencies other than those of the
operating band. (clause 4.3.2.11.2)

Requirement: This requirement applies to all receiver categories as defined in
clause 4.2.3 of EN 300 328. The minimum performance criterion
shall be a packet error rate (PER) of less than or equal to 10%.

The specific test limits were set in accordance with EN 300 328,
clause 4.3.2.11.4.4, Table 16.

Test Conditions: The testing was performed with the equipment is in a receive-only
mode at normal temperature conditions only. (clause 5.4.11.1).

Test Method: The test method for receiver blocking is detailed in ETSI EN 300
328, clause 5.4.11.2.

Test Notes: The test setup was configured as detailed in the following block
diagram The Rohde & Schwarz CBT 32 is capable of 1 dB
adjustments in amplitude, eliminating the need for an external
variable attenuator. The CBT 32 output was monitored on the
spectrum analyzer as the testing took place. The signal level to
the device under test was adjusted until the minimum input signal
that would maintain normal operating conditions (< 10% PER) was
determined. All insertion loss values were taken into account.

Splitter/ Applied Insertion Loss'
R From To
Combiner LF HF
1t0 S R&S Signal Gen. decaWave DWM1000 6.13 5.97
2to S |Rohde & Schwarz CBT 32| decaWave DWM1000 5.84 5.95
Sto3 | decaWave DWM1000 |R&S Spectrum Analyzer| US€d forinformational
purposes only

'Includes cable, splitter combiner and adapter to the device under test.

R&S SMBV100A ge\’/‘\:/mgg?
(Interference Gen) Mini-Circuits (DUT)
ZA3PD-4-S
Rohde & Schwarz Splitter / Combiner 545 1| Rohde & Schwarz
CBT 32 2 ; tten 1 FSV40
Bluetooth Tester Spectrum Analyzer
Test Results: Compliant. For all required modes, the DUT maintained a PER of

< 10% at both the lowest and highest operating frequencies in the
presence of the required blocking signal frequencies.
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Measurement Data (continued)

7.10. Receiver Blocking (Clause 5.4.11)
7.10.2. Lowest Frequency Measurements

Channel 37: Prmin: -91.84 dBm PER at Prin: 8.6%
Wanted Signal Blocking Signal | _. Blocking Type of |Packet
Meanpower from signal power ; Results
, . Frequency blocking | Error o
Companion Device (MHz) (dBm) sianal | Rate (PER < 10%)
(dBm) (see note 2) 9
2380.0 1.19% Passed
Pmin + 6 dB -57 Cw
mn 2503.5 0.59% Passed
0.60%
P +6dB 2300.0 47 cW % Passed
2583.5 0.57% Passed
Pmin is the minimum level of wanted signal (in dBm) required to meet the
Note 1: |minimum performance criteria as defined in clause 4.3.1.12.3 in the
absence of any blocking signal.
Note 2: |All correction factors have been applied to the tabled values

7.10.3. Highest Frequency Measurements

Channel 39: Pmin: -92.95 dBm PER at Ppin: 8.9%
Wanted Signal Blocking Signal | _. Blocking Type of |Packet
Meanpower from signal power : Results
X . Frequency blocking | Error o
Companion Device (MHz) (dBm) sianal | Rate (PER < 10%)
(dBm) (see note 2) 9
2380.0 0.63% Passed
4 -
Prin + 12 dB 2503.5 57 cw 0.57% Passed
. 0.66%
P +12dB 2300.0 47 CW Passed
2583.5 0.59% Passed
Pmin is the minimum level of wanted signal (in dBm) required to meet the
Note 1: |minimum performance criteria as defined in clause 4.3.1.12.3 in the
absence of any blocking signal.
Note 2: |All correction factors have been applied to the tabled values
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8. Test Images
8.1. Power Measurements (Extreme Temperature) 1 of 2

SN

8.2. Power Measurements (Extreme Temperature) 2 of 2, Device Under Test
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8. Test Images
8.3. Other Measurements (DUT remained in thermal chamber at ambient temperature)
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8. Test Images (continued)
8.5. Receiver Blocking Test Setup, Device Under Test
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9. Test Site Description

Compliance Worldwide is located at 357 Main Street in Sandown, New Hampshire. The test
sites at Compliance Worldwide are used for conducted and radiated emissions testing in
accordance with the Federal Communications Commission (FCC) and Industry Canada
standards. Through our American Association for Laboratory Accreditation (A2LA) ISO
Guide 17025:2005 Accreditation our test sites are designated with the FCC (designation
number US1091), Industry Canada (file number IC 3023A-1) and VCCI (Member number
3168) under registration number A-0274.

Compliance Worldwide is also designated as a Phase 1 CAB under APEC-MRA (US0132)
for Australia/New Zealand AS/NZS CISPR 22, Chinese-Taipei (Taiwan) BSMI CNS 13438
and Korea (RRA) KN 11, KN 13, KN 14-1, KN 22, KN 32, KN 61000-6-3, KN 61000-6-4.

The radiated emissions test site is a 3 and 10 meter enclosed open area test site (OATS).
Personnel, support equipment and test equipment are located in the basement beneath the
OATS ground plane.

The conducted emissions site is part of a 16' x 20' x 12' ferrite tile chamber and uses one of
the walls for the vertical ground plane required by EN 55022. A second conducted
emissions site is also located in the basement of the OATS site with a 2.3 x 2.5 meter
ground plane and a 2.4 x 2.4 meter vertical wall.

Both sites are designed to test products or systems 1.5 meters W x 1.5 meters L x 2.0
meters H, floor standing or table top.
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This application form should form an integral part of the test report.

In accordance with EN 300 328, clause 5.4.1, the following information is provided by the
manufacturer.

a) The type of modulation used by the equipment:
" FHSS
¥ Other forms of modulation

b) In case of FHSS modulation:

* In case of non-Adaptive Frequency Hopping equipment:
The number of Hopping Frequencies:

* In case of Adaptive Frequency Hopping Equipment:
The maximum number of Hopping Frequencies:
The minimum number of Hopping Frequencies:

* The (average) Dwell Time:

c) Adaptive / non-adaptive equipment:
™ Non-adaptive Equipment
W Adaptive equipment without the possibility to switch to a non-adaptive mode
™ Adaptive equipment which can also operate in a non-adaptive mode

d) In case of adaptive equipment:
The maximum Channel Occupancy Time implemented by the equipment: 0.4mS
™ The equipment has implemented an LBT based DAA mechanism
* In case of equipment using modulation different from FHSS:
I The equipment is Frame Based equipment
¥ The equipment is Load Based equipment

r The equipment can switch dynamically between Frame Based and Load
Based equipment

The CCA time implemented by the equipment:
I The equipment has implemented an non-LBT based DAA mechanism
" The equipment can operate in more than one adaptive mode

e) In case of non-adaptive Equipment:
The maximum RF Output Power (e.i.r.p.):__4.337 dBm
The maximum (corresponding) Duty Cycle:_89.9 %

Equipment with dynamic behavior, that behavior is described here. (e.g. the different
combinations of duty cycle and corresponding power levels to be declared):
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Annex A. Application Form for Testing (EN 300 328, Annex E) (continued)

f) The worst case operational mode for each of the following tests:

* RF Output Power
Reference Section 7.1.1.

» Power Spectral Density
Reference Section 5.4.3.

* Duty cycle, Tx-Sequence, Tx-gap
Reference Section 7.1.2.

* Dwell time, Minimum Frequency Occupation & Hopping Sequence (only for FHSS
equipment)

* Hopping Frequency Separation (only for FHSS equipment)

* Medium Utilization
Not applicable

» Adaptivity & Receiver Blocking
Reference Section 7.10.

* Occupied Channel Bandwidth
Reference Section 7.6

* Transmitter unwanted emissions in the OOB domain
Reference Section 7.7

* Transmitter unwanted emissions in the spurious domain
Reference Section 7.8

* Receiver spurious emissions
Reference Section 7.9

g) The different transmit operating modes (tick all that apply):
W Operating mode 1: Single Antenna Equipment
I Equipment with only 1 antenna

Equipment with two diversity antennas but only one antenna active at any

moment in time

Smart Antenna Systems with two or more antennas, but operating in a (legacy)

mode where only one antenna is used (e.g. IEEE 802.11™ [i.3] legacy mode in
= Operating mode 2: Smart Antenna Systems - Multiple Antennas without beam forming.

™ Single spatial stream /Standard throughput (e.g. IEEE 802.11™ [i.3] legacy mode)
™ High Throughput (> 1 spatial stream) using Occupied Channel Bandwidth 1
™ High Throughput (> 1 spatial stream) using Occupied Channel Bandwidth 2

NOTE 1: Add more lines if more channel bandwidths are supported.

I Operating mode 3: Smart Antenna Systems - Multiple Antennas with beam forming
™ Single spatial stream / Standard throughput (e.g. [IEEE 802.11™ [i.3] legacy
™ High Throughput (> 1 spatial stream) using Occupied Channel Bandwidth 1
™ High Throughput (> 1 spatial stream) using Occupied Channel Bandwidth 2
NOTE 2: Add more lines if more channel bandwidths are supported.
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Annex A. Application Form for Testing (EN 300 328, Annex E) (continued)
I Operating mode 3: Smart Antenna Systems - Multiple Antennas with beam forming
Single spatial stream / Standard throughput (e.g. [IEEE 802.11™ [i.3] legacy
mode)
™ High Throughput (> 1 spatial stream) using Occupied Channel Bandwidth 1

™ High Throughput (> 1 spatial stream) using Occupied Channel Bandwidth 2
NOTE 2: Add more lines if more channel bandwidths are supported.

h) In case of Smart Antenna Systems:
* The number of Receive chains:

» The number of Transmit chains:
I~ Asymmetrical power distribution

I Asymmetrical power distribution

In case of beam forming, the maximum beam forming gain:  dB
NOTE: Beam forming gain does not include the basic gain of a single antenna.

i) Operating Frequency Range(s) of the equipment:
» Operating Frequency Range 1: _2402 MHzto 2480 MHz
* Operating Frequency Range 2: MHz to MHz
NOTE: Add more lines if more Frequency Ranges are supported.

j) Nominal Channel Bandwidth(s):
* Nominal Channel Bandwidth 1:_1.7848 MHz (Channel 37)
* Nominal Channel Bandwidth 2:_1.8106 MHz (Channel 39)
NOTE: Add more lines if more channel bandwidths are supported.

k) Type of Equipment (stand-alone, combined, plug-in radio device, etc.):
¥ Stand-alone

Combined Equipment (Equipment where the radio part is fully integrated within
another type of equipment)

™ Plug-in radio device (Equipment intended for a variety of host systems)
Other

I) The normal and extreme operating conditions that apply to the equipment:
Normal operating conditions (if applicable):
Operating temperature: _20.7 °C
Other (please specify if applicable):
Extreme operating conditions:
Operating temperature range: Minimum: -40 °C Maximum +85 °C
Other (please specify, if applicable): Minimum: °C_ Maximum: °C
Operating voltage range: 3.310 3.7 V DC
Details provided are for the: ¥ Stand-alone equipment

[~ Combined (or host) equipment
™ Testjig
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m) The intended combination(s) of the radio equipment power settings and one or
more antenna assemblies and their corresponding e.i.r.p levels:
* Antenna Tvpe:

- Integral Antenna Antenna (information to be provided in case of conducted
measurements)

Antenna Gain: _0.0  dBi

If applicable, additional beam forming gain (excluding basic antenna
gain): dB

™ Temporary RF connector provided

¥ No temporary RF connector provided
Two units were provided for test.

" Dedicated Antennas (equipment with antenna connector)
¥ Single power level with corresponding antenna(s)
™ Multiple power settings and corresponding antenna(s)
Number of different Power Levels: 1 fixed

Power Level 1:__+4.0 dBm
Power Level2:___ dBm
Power Level 3. dBm
NOTE 1: Add more lines in case the equipment has more power levels.
NOTE 2: These power levels are conducted power levels (at antenna connector).

e For each of the Power Levels, provide the intended antenna assemblies, their
corresponding gains (G) and the resulting e.i.r.p. levels also taking into account
the beamforming gain (Y) if applicable

Power Level 1:Unspecified dBm

Number of antenna assemblies provided for this power level: 1 internal

Gain e.i.r.p.

(dBi) (dBm) Part number or model name

Assembly #

AN =

NOTE 3: Add more rows in case more antenna assemblies are supported for this
power level.
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Annex A. Application Form for Testing (EN 300 328, Annex E) (continued)
Power Level2: ___ dBm

Number of antenna assemblies provided for this power level:

Gain e.i.r.p.

(dBi) (dBm) Part number or model name

Assembly #

AN -

NOTE 4: Add more rows in case more antenna assemblies are supported for this
power level.

PowerlLevel 3:__ dBm

Number of antenna assemblies provided for this power level:

Gain e.i.r.p.

(dBi) (dBm) Part number or model name

Assembly #

B WOIN -

NOTE 5: Add more rows in case more antenna assemblies are supported for this
power level.

n) The nominal voltages of the stand-alone radio equipment or the nominal voltages
of the combined (host) equipment or test jig in case of plug-in devices:

Details provided are for the: ¥ stand-alone equipment
I Combined (or host) equipment
™ Combined (or host) equipment

Supply Voltage I AC mains.  State AC voltage \%
¥ DC. State DC voltage 3.7 V

In case of DC, indicate the type of power source

™ Internal Power Supply

™ External Power Supply or AC/DC adapter
[~ Battery

¥ Other: _+ 3.7 VDC Lithium-lon battery
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Annex A. Application Form for Testing (EN 300 328, Annex E) (continued)

o) Describe the test modes available which can facilitate testing:
GFSK

p) The equipment type (e.g. Bluetooth®, IEEE 802.11™ [i.3], proprietary, etc.):
Bluetooth Low Energy

q) If applicable, the statistical analysis referred to in clause 5.4.1 q)
(to be provided as separate attachment)

r) If applicable, the statistical analysis referred to in clause 5.4.1r)
(to be provided as separate attachment)

s) Geo-location capability supported by the equipment:

™ Yes
r The geographical location determined by the equipment as defined in clause

4.3.1.13.2 or clause 4.3.2.12.2 is not accessible to the user
M No

t) Describe the minimum performance criteria that apply to the equipment (see clause
4.3.1.12.3 or clause 4.3.2.11.3):

E.4 Additional Information provided by the manufacturer

E.4.1 Modulation
ITU Class(es) of emission: (please verify this is correct designation for BLE)

Can the transmitter operate unmodulated? ¥ Yes (for testing only) ™ No

E.4.2 Duty Cycle
The transmitter is intended for: [~ Continuous duty
¥ Intermittent duty
™ Continuous operation possible for testing purposes

E.4.3 About the UUT
¥ The equipment submitted are representative production models
I If not, the equipment submitted are pre-production models?
If pre-production equipment are submitted, the final production equipment will be
identical in all respects with the equipment tested
I If not, supply full details
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Annex A. Application Form for Testing (EN 300 328, Annex E) (continued)

E.4.4 Additional items and/or supporting equipment provided
I~ Spare batteries (e.g. for portable equipment)
[~ Battery charging device
™ External Power Supply or AC/DC adapter
™ External Power Supply or AC/DC adapter
" RF test fixture (for equipment with integrated antennas)
Host System ™ Manufacturer:
™ Model #:
I Model name:
Combined equipment [T Manufacturer:

™ Model #:
[~ Model name:

™ User Manual
™ Technical documentation (Handbook and circuit diagrams)
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