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2 General information

2.1 Notes and disclaimer

The test results of this test report relate exclusively to the test item specified in this test report. CETECOM ICT
Services GmbH does not assume responsibility for any conclusions and generalizations drawn from the test
results with regard to other specimens or samples of the type of the equipment represented by the test item.

The test report may only be reproduced or published in full. Reproduction or publication of extracts from the
report requires the prior written approval of CETECOM ICT Services GmbH.

The testing service provided by CETECOM ICT Services GmbH has been rendered under the current "General
Terms and Conditions for CETECOM ICT Services GmbH".

CETECOM ICT Services GmbH will not be liable for any loss or damage resulting from false, inaccurate,
inappropriate or incomplete product information provided by the customer.

Under no circumstances does the CETECOM ICT Services GmbH test report include any endorsement or
warranty regarding the functionality, quality or performance of any other product or service provided.

Under no circumstances does the CETECOM ICT Services GmbH test report include or imply any product or
service warranties from CETECOM ICT Services GmbH, including, without limitation, any implied warranties of
merchantability, fithess for purpose, or non-infringement, all of which are expressly disclaimed by CETECOM
ICT Services GmbH.

All rights and remedies regarding vendor’s products and services for which CETECOM ICT Services GmbH has
prepared this test report shall be provided by the party offering such products or services and not by CETECOM
ICT Services GmbH.

In no case this test report can be considered as a Letter of Approval.

This test report is electronically signed and valid without handwritten signature. For verification of the electronic
signatures, the public keys can be requested at the testing laboratory.

2.2 Application details

Date of receipt of order: 2013-01-04
Date of receipt of test item: 2013-03-20
Start of test: 2013-03-20
End of test: 2013-03-25
Person(s) present during the test: -/-

3  Test standard/s
Test standard Date Test standard description

47 CFR Part 15 2012-10 Title 47 of the Code of Federal Regulations; Chapter |
Part 15 - Radio frequency devices

RSS - 210 Issue 8 2010-12 Spectrum Management and Telecommunications - Radio
Standards Specification
Low-power Licence-exempt Radiocommunication Devices (All
Frequency Bands): Category | Equipment

3.1 Measurement guidance

DTS : KDB 558074 2012-04 Guidance for Performing Compliance Measurements on Digital
Transmission Systems (DTS) Operating Under §15.247
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4 Test environment

Temperature:

Relative humidity content:

Barometric pressure:

Power supply:

5 Test item

Thom +20 °C during room temperature tests
Tmax +55 °C during high temperature tests
Tmin -20 °C during low temperature tests

42 %
not relevant for this kind of testing
View 3.8 V  DC by Li-lon battery

Vmax 435V
Vmin 36 V

Kind of test item

Blackberry GSM Phones

Type identification

RFM121LW

S/N serial number

Rad. IMEI 990002430036416; PIN 303E5B59
IMEI 990002430036317; PIN 303E5B4F
Cond. IMEI 990002430024826; PIN 303E55A3

HW hardware status

CER-53013-001 Rev2-905-00 (conducted sample)

SW software status

127.0.1.4429 (OS Version conducted sample)

Frequency band [MHz]

ISM band 2400 MHz to 2483.5 MHz
(lowest channel 2402 MHz, highest channel 2480 MHz)

Type of radio transmission
Use of frequency spectrum

FHSS

Type of modulation

GFSK, Pi/4 DQPSK, 8DPSK

Number of channels

79

Antenna

Integrated antenna

Power supply

3.8 V DC by Li-lon battery

Temperature range

-20°C to +55°C

5.1 Additional information

Test setup- and EUT-photos are included in test reports: 1-5579/12-02-01_AnnexA

1-5579/12-02-01_AnnexD

6 Test laboratories sub-contracted

None

2013-04-04
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7  Summary of measurement results

X No deviations from the technical specifications were ascertained
I There were deviations from the technical specifications ascertained
TC Identifier Description Verdict Date Remark
. CFR Part 15
RF-Testing RSS 210, Issue 8, Annex 8 Passed 2013-04-04 -/-
L Temperature HERE
specification Test case conditions source Mode Pass | Fail NA NP Remark
clause voltages
§15.247(b)(4)
RSS 210/ Antenna gain Nominal Nominal GFSK O O O X
A8.4(2)
§15.247(e) GFSK .
RSS210/ | "OWersbectal | Nominal Nominal | Pi4DQPSK | O | O | ® | O | Netapeicavlefor
A8.2(b) y 8 DPSK :
GFSK X [ [ [
RSS 210 4 reduency & N°T1'ig:‘r’]w & Ngrﬂi;ﬂw PiaDaPsk | ® | O | O | O Not rated
Y 8 DPSK X O O O
§15.247(a)(1) Carrier
RSS 210/ frequency Nominal Nominal GFSK X O O O complies
A8.1(b) separation
§15.247(a)(1) Number of
RSS 210/ hopping Nominal Nominal GFSK X O O O complies
A8.1(d) channels
§15-2(4iii7)(a)(1) Time of GFSK
RSS 210 / occupancy Nominal Nominal Pi/4 DQPSK X [ [ [ complies
A8.3(1) (dwell time) 8 DPSK
Spectrum
§15.247(a)(1) | pooiei e GFSK X | O | O | O
RSS 210/ FHSS system Nominal Nominal Pi/4 DQPSK X | | | complies
A8.2() | 20dB bandwidth gppsk | D4\ O | O | O
§15.247(b)(1) . GFSK X O Ll [l
RSS-210 / Max'm(‘)‘v”v‘e‘r’“tp”t Nominal Nominal | Pi4DaPsK | ® | O | O | O complies
A8.4(2) P 8 DPSK X O O O
§15.247(d) Band edge GFSK X 1 1 1
RSS-210/ A8.5 compliance Nominal Nominal Pi/4 DQPSK X | | | complies
: conducted 8 DPSK X [ [ [
§15.205 Band edge GFSK X 1 1 1
RSS.210/ A8.5 compliance Nominal Nominal Pi/4 DQPSK X | | | complies
: radiated 8 DPSK X O O O
TX spurious GFSK X | | |
§15.247(d) emissions Nominal Nominal Pi/4 DQPSK X | | | complies
RSS-210/A85 |  conducted 8 DPSK X O O O
TX spurious GFSK X 1 | |
§15.247(d) emissions Nominal Nominal Pi/4 DQPSK X | | | complies
SEEl s radiated 8 DPSK X | O| O | 0
§15.109 RX spurious
: emissions Nominal Nominal -/ X O O O Complies
RSS-Gen .
radiated
TX spurious
§15.209(a) emissions . .
ey radiated Nominal Nominal GFSK [ [ [ X
< 30 MHz
Conducted
§15.107(a) emissions Nominal Nominal GFSK X [ [ [ complies
< 30 MHz

Note: NA = Not Applicable; NP = Not Performed

2013-04-04
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8 RF measurements
8.1 Description of test setup

8.1.1 Radiated measurements

The radiated measurements are performed in vertical and horizontal plane in the frequency range from 9 kHz to
25 GHz in semi-anechoic chambers. The EUT is positioned on a non-conductive support with a height of 0.80 m
above a conductive ground plane that covers the whole chamber. The receiving antennas are confirmed with
specifications ANSI C63.2-1996 clause 15 and ANSI C63.4-2003 clause 4.1.5. These antennas can be moved
over the height range between 1.0 m and 4.0 m in order to search for maximum field strength emitted from EUT.
The measurement distances between EUT and receiving antennas are indicated in the test setups for the
various frequency ranges. For each measurement, the EUT is rotated in all three axes until the maximum field
strength is received. The wanted and unwanted emissions are received by spectrum analysers where the
detector modes and resolution bandwidths over various frequency ranges are set according to requirement
ANSI C63-4-2003 clause 4.2.

Antennas are confirmed with ANSI C63.2-1996 item 15.

Semi anechoic chamber

Turntable 3m _&F
Tower 1-4m Height
receiving antenna

il >
T )

_‘g]_l Sucoflex

cable

Power /
supply —

0,8 m Height

! 1 -4 m Height

ﬁ “-‘"“1-._

Non-conductive table — Non-conductive table
0,1m Height 0.8m Height

Picture 1: Diagram radiated measurements

9 kHz - 30 MHz: active loop antenna
30 MHz — 1 GHz: tri-log antenna
>1 GHz: horn antenna

All measurements are done in accordance with the Filing and Measurement Guidelines for Frequency Hopping
Spread Spectrum Systems DA 00-705 and Appendix A “BLUETOOTH® APPROVALS”

The EUT is powered by an external power supply with nominal voltage. The signalling is performed from outside
the chamber with a signalling unit (CMUZ200 or other) by air link using signalling antenna.

2013-04-04 Page 6 of 105
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8.1.2 Conducted measurements

The EUT’s RF signal is coupled out by the antenna connector which is supplied by the manufacturer. The signal
is first 10dB attenuated before it is power divided (~6dB loss per branch). One of the signal paths is connected
to the communication base Station (CMU200 or other), the other one is connected to the spectrum analyzer.
The specific losses for both signal paths are first checked within a calibration. The measurement readings on
the signalling unit/spectrum analyzer are corrected by the specific test set-up loss. The attenuator, power
divider, signalling unit and the spectrum analyzer are impedance matched on 50 Ohm.

equipment under test

D€ D> I €< > R ['EPI]
;
antenna attenuator

connector Spectrum analyzer

= &
-

power
connectar

- s power supply

Picture 2: Diagram conducted measurements

signalling unit

8.2 Additional comments

The Bluetooth® word mark and logos are owned by the Bluetooth SIG Inc. and any use of such marks by
Cetecom ICT Services GmbH is under license.

Reference documents: None

Special test descriptions: None

Configuration descriptions: TX tests: were performed with x-DH5 packets and static PRBS pattern
payload.

RX/Standby tests: BT test mode enabled, scan enabled, TX Idle

Test mode: X Bluetooth Test mode loop back enabled
(EUT is controlled over CBT/CMU)

] Special software is used.
EUT is transmitting pseudo random data by itself
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9 Measurement results

9.1 Antenna gain

Not performed! Tests according to manufacturer test plan!

9.2 Power spectral density

Description:

Measurement of the power spectral density of a digital modulated system. This requirement is only valid for
digitally modulated systems without hopping functionality.

Measurement:
Measurement parameter
Detector: Peak
Sweep time: 500 s
Video bandwidth: 3 kHz
Resolution bandwidth: 3 kHz
Span: 150 kHz
Trace-Mode: Max Hold
Limits:

FCC IC

Power Spectral Density

For digitally modulated systems the transmitter power spectral density conducted from the transmitter to the antenna
shall not be greater than 8 dBm in any 3 kHz band during any time interval of continuous transmission or over 1.0
second if the transmission exceeds 1.0-second duration.

Results:
Modulation Power spectral density [dBm/3kHz]
Frequency 2412 MHz | 2437 MHz | 2462 MHz
GFSK
Pi/4 DQPSK Not required for hopping systems!
8DPSK
Measurement uncertainty +1.5dB
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9.3 Frequency & Power stability

Additional measurements according to manufacturers test plan

Channel Nominal DC Input Test MIN Frequency MAX Frequency Average Burst
Number Frequency Voltage Temperature Error Error Power
(MHz) (Volts) (Celsius) - (kHz) + (kHz) (dBm)
0 2402 3,6 20 0,9 19,8 10,5
39 2441 3,6 20 -7,0 13,9 10,9
78 2480 3,6 20 -14,1 75 9,6
0 2402 3,8 20 -0,1 18,4 10,5
39 2441 3,8 20 -6,0 13,6 10,9
78 2480 3,8 20 -14,9 12,4 9,6
0 2402 4,35 20 1,5 18,8 10,5
39 2441 4,35 20 -6,1 12,4 10,9
78 2480 4,35 20 -14,1 8,0 9,5
0 2402 3,6 -20 5,5 24,6 10,9
39 2441 3,6 -20 0,1 17,8 11,1
78 2480 3,6 -20 -7,3 12,3 10,0
0 2402 3,8 -20 6,9 24,9 10,4
39 2441 3,8 -20 -2,1 17,5 10,8
78 2480 3,8 -20 -9,8 8,4 9,6
0 2402 4,35 -20 2,2 21,9 10,5
39 2441 4,35 -20 -1,4 13,8 11,1
78 2480 4,35 -20 -9,5 8,8 9,6
0 2402 3,6 55 -8,0 6,9 10,1
39 2441 3,6 55 -15,2 0,8 10,2
78 2480 3,6 55 -24,4 -5,1 8,7
0 2402 3,8 55 -7,3 7,8 10,1
39 2441 3,8 55 -15,9 2,6 10,3
78 2480 3,8 55 -22,1 -5,4 8,8
0 2402 4,35 55 -8,7 8,5 10,1
39 2441 4,35 55 -15,8 2,6 10,3
78 2480 4,35 55 -21,0 -5,2 8,7

Result: not rated
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9.4 Carrier frequency separation

Description:

Measurement of the carrier frequency separation of a hopping system. The carrier frequency separation is
constant for all modulation-modes. We use GFSK-modulation to show compliance. EUT in hopping mode.

Measurement:
Measurement parameter
Detector: Peak
Sweep time: Auto
Video bandwidth: 100 kHz
Resolution bandwidth: 100 kHz
Span: 4 MHz
Trace-Mode: Max Hold
Limits:

FCC IiC

Carrier Frequency Separation

Minimum 25 kHz or two-thirds of the 20 dB bandwidth of the hopping system whichever is greater.

Result:

Carrier frequency separation ~1 MHz

Result: Passed
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Plot:

Plot 1: Carrier frequency separation (GFSK modulation, hopping mode)

C.BER by Cetesom Saaiuesken Gemany
Ref. Level Offzet [dB] Detectar Suweeptime [5] Video B [Hz] REAN [Hz]
95 Pas &m 100k 100000
12 | T 1 1 | ] ] | L] | | | | B | | ] | 1 I ] T | ] | | L |

Mag: [dBm] 10

oo o = 1] ] L] o o oo
T
=
== |
=]
| ==}
|

hlf NS | JWU
i / ‘
A0 L . i, I e T Ll il " - | i 1
24336 243956 2446 244050 24416 244456 24426 244256 24436

Freq [Hz]

Start Freq [Hz] Stop Freq Hz] Tracem, Found Peak [4Bm] Found Peak [Kz]
24306 24436 hAXH 1036536407 24411723456
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Additional measurements according to manufacturers test plan:

Plot 2: Carrier frequency separation (Pi/4 DQPSK modulation, hopping off, channel 38)

.BER by Cetecom Saaibrecken Germany
Ref, Level Offset (] Detectar Sweeptime [5 Video B [Hz) REW [Hz]
a5 FOS Bm 20k 20000
10 L ] ] ] I ] ] I ] I T I ] I -]
Magn. [48m] U: i 1

Trace] 20 F / \ -
an - ]

fe;am :.m W M v mﬁ

L. el
Peak 10 - I ] A - i) i -
24336 24386 2446 24415 24426 24436 24445
Fraquency [Hz]
Faund Peak [4Bm] Found Peak [Hz] Tracemode FL [kHz] FH [Hz) Bandwidth Hz]

2379364014 24401543296 hAXH 2430478 2440525 1048

Plot 3: Carrier frequency separation (Pi/4 DQPSK modulation, hopping off, channel 39)

C.BER by Cetecom Saatbruecken Gemany
Ref, Level Offset (] Detectar Sweeptime [5 Video B [Hz) REW [Hz]
a5 FOS Bm 20k 20000
10 L ] ] ] I ] ] I ] I T I ] I -]
Magn. [dBm] U: i 4 1

Trace] 20 F I \ -
an - ]

*F ‘ W ]
I S :
:nﬂ..lwrn.ﬂ%www“/ Mwmmm .

£0 :
Peak a1 - I I T - - o - Ty B o
24336 24386 2446 24415 24426 24436 24445
Fraquency [Hz]
Faund Peak [4Bm] Found Peak [Hz] Tracemode FL [kHz] FH [Hz) Bandwidth Hz]
2TRE6T4072 2.440903353 6 hiAxH 2440488 2441535 1045
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Plot 4: Carrier frequency separation (8DPSK modulation, hopping off, channel 38)

C5ER by Ceeom Saatrsden Gemany
Ref, Leval Offset [dH] Detectar Sweeptime [5 Video BIW [Hz) REW [Hz]
- P03 mn W | 20000
10 ] I ] I ] ] I ] I T I I I

Magn [d8m] 5 L i -

Traca] a0 / ‘1 3
an - ]

40 - g .
R c W \/J v W\\ ]
n i o f Lo o

£0 i o Naaacaty
Peakl T | - R T A o] i) T T -
24386 24386 2446 24418 24426 24436 2445
Fraquency [Hz]
Faund Peak [48m] Found Peak [Hz] Tracemode FL [kHz] FH [Hz) Bandwidth Hz]

252444458 24300833086 hAXH 24304980 2440525 1034

Plot 5: Carrier frequency separation (8DPSK modulation, hopping off, channel 39)

.BER by Cetecom Saatbruedken Gemany
Ref, Lewel Offset [dB] Detector Sweeptime [5 Video B [Hz] Bl [Hz]
25 FOS 3BEm 20k 20000
10 ] I I | T ] ] ] I ] I T I ] ] |

Magn. [4Br] 5 © M&m

o0 E W ]
Tracel 20 / k\ -
T @k =

. TF Wi ]
s Y ]
ok WWW““V’H \]"M’WMM.L d

TTTEITT

600 -
Peald 0 Y - I - il i T - o] - ey M
24386 243906 2446 24416 24426 24436 24445
Frequancy [Hz]
Found Peak [dBm] Found Peak [Hz] Tracemode FL [iHz] FH Hz] Banduwidth [iHz]
281606167 24411623255 MAH 2440601 244151 1010
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9.5 Number of hopping channels

Description:

Measurement of the total number of used hopping channels. The number of hopping channels is constant for all
modulation-modes. We use GFSK-modulation to show compliance. EUT in hopping mode.

Measurement:
Measurement parameter
Detector: Peak
Sweep time: Auto
Video bandwidth: 500 kHz
Resolution bandwidth: 500 kHz
Span: Plot 1: 2400 — 2445 MHz
pan. Plot 2: 2445 — 2485 MHz
Trace-Mode: Max Hold
Limits:
FCC IC
Number of hopping channels
At least 15 non overlapping hopping channels
Result:
Number of hopping channels 79

Result: Passed
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Plots:

Plot 1: Number of hopping channels (GFSK modulation)

5388k ek G
Reet. Level Offeet 48] Detactor Smeeptime [ Videg Bl [Ha] RENW [He]
a5 Fos im A0k 00000
O v 0 I L O L O R L il T O i
; 10
oG AR KR A AR AN AR AARKNRR
I - / .
5 f
-0 4 J ]
-1 _[ 1
20 _; ]
-2 { ]
-3 4
38 i
4 i) lol] bl 1 - | - - ] Jbald
246 24056 MG 24156 2426 24256 243G 24356 244G 24456
Fraq [Ha]
Start Freq [H2) Stop Freq [He] Tracem, Found Peak [d8m] Found Peak [Hz]
246 28486 hhH 1053685315 2424880785
Plot 2: Number of hopping channels (GFSK modulation)
5388k ek G
Reet. Level Offeet 48] Detactor Smeeptime [ Videg Bl [Ha] RENW [He]
a5 FOs im A0k 00000
- A K A
| \
-10 . \ 1
-1 \ |
o \ :
L \'v-wk;
| bl L] - el 1 - -~ | - S - I - I T - 4
24455 2456 24555 2486 24655 2476 24756 248G 24956
Freq [Hz]
Start Freq [Hz) Stop Freq [He] Tracem, Found Feak [dBm] Found Peak [Hz]
24455 24886 hiH 904606781 2 44E160321%
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9.6 Time of occupancy (dwell time)

Measurement:

For Bluetooth® devices no measurements mandatory depending on the fixed requirements according to the
Bluetooth® Core Specifications!

For Bluetooth® devices:

The channel staying time of 0.4 s within a 31.6 second period in data mode is constant for Bluetooth® devices
and independent from the packet type (packet length). The calculation for a 31.6 second period is a follows:

Channel staying time = time slot length * hop rate / number of hopping channels * 31.6 s

Example for a DH1 packet (with a maximum length of one time slot)
Channel staying time = 625 us * 1600*1/s / 79 * 31.6 s = 0.4 s (in a 31.6 s period)

For multi-slot packets the hopping is reduced according to the length of the packet.

Example for a DH3 packet (with a maximum length of three time slots)
Channel staying time = 3 * 625 pys * 1600/3 *1/s / 79 * 31.6 s = 0.4 s (in a 31.6 s period)

Example for a DHS5 packet (with a maximum length of five time slots)
Channel staying time = 5 * 625 ys * 1600/5 *1/s / 79 * 31.6 s = 0.4 s (in a 31.6 s period)

This is according the Bluetooth® Core Specification V2.0 & V2.1 & V3.0 & V4.0 (+ critical errata) for all
Bluetooth® devices.

The following table shows the relations:

Max. number of transmissions
Packet Size Pulse Width [ms] * per channel in 31.6 sec
(RX DH1 assumed)
DH1 0.366 320
DH3 1.622 160
DH5 2.870 107
* according Bluetooth® specification
Results:
Max. number of .
transmissions Dzl i
Packet Size Pulse Width [ms]* in 316 sec [Pulse width * Number of
(RX DH1 assumed) transmissions]
DH1 0.366 320 1171
DH3 1.622 160 259.2 ms
DH5 2.870 107 307.1 ms
Limits:

FCC

Time of occupancy (dwell time)

The frequency hopping operation shall have an average time of occupancy on any frequency not exceeding 0.4
seconds within a duration in seconds equal to the number of hopping frequencies multiplied by 0.4.

Result: Passed
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Additional measurements according to manufacturers test plan:

Plot 1: Dwell time DH1, channel 00

tadulation Pachet Type
GFSK LH1
20 L T | T T T ] I T T T | T T T | ] T ] T T i |
Mag. [48m E ]
9- [d8m] i

. .
ok .
Trace E ]
-10 = .

20 [t _
T on - {J [‘ 1
A 0
! Lo by i
A0 [ g L ey e JW"WWW' A ,
T# an-off o N " T . T i R | L1 "I VA S |
8 :

40
""" 0 04 0 & 16
time [ms]
T on off [mg] T an [mg] T off [ms]
1 250601002 0.3817635271 08687374740
Plot 2: Dwell time DH1, channel 39
CORR by oo Sasbuedan Gy
Modulation Padiet Type
GFSK [H1
20 L I | | | | I | I I I I | | I I I | | | | | I i
Mag. [48 - i
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Trace1 E I ]
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o - ]
s | ]
11 - 1
.on a0 - (‘ } ‘ ]
A0 N L ey o AT T P e e .
(L | . | | ikl i - ik | | R o
""" 0 04 08 | 3 1B
Aime [mg]
T on off [ms] TX on [mg] T off [me]
1.260601002 013847695301 [LE6ET 14628
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Plot 3: Dwell time DH1, channel 78

Modulation Padiet Type
GFSK [H1
1U_|| e e e sy T T TR N S O T I VL L L LT = = LI
Mag: [dBm)] C ]
0
-10
Tracel - I
20 :

Then <30 i
Ry RN TS 0 Y PR e ) T ]
TX an-off F
L | I TG N B S T A T S S e o WA S 0 A T G ow v BN O A A A
- 0 04 na 12 18
Aime [mg]
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Plot 4: Dwell time DH3, channel 00

Modulation Padhet Type
GFEK [H3
a - T T L . O T T 7
Mag [BT] -
9: [48m)] 10
0
13tz G ]
: 40 -
a0 -
T on
a0 _.I Uy s, ittt M_‘M’lwrm‘| :
L] O VA R, S KR SRS S S P U S NN VR UM SO0 SN 5 O 7O, W - 1
- 0 & 4 E
fime [ms]
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Plot 5: Dwell time DH3, channel 39

Modulation Padiet Type
GFSK [H3
20 L | I I | | I | | I I | I | |
Mag [4Br] -
g [d6m] o
0 F .
Traced H ]
40 -
20 [ 1
THun | | )
0 1 ,
a0 _i AT WM.' TRATI ]“‘A.al_w‘hm‘wa_“l :
LEE L | W T - i | T L A L
- 0 & 4 f
time [mz]
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Plot 6: Dwell time DH3, channel 78
Modulation Padhet Type
GFEK [H3
10 T T T T T T T T T I I T T I
Mag: [dBm] L ]
0
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Trace1 i
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A \_.‘ s o e s bt
Thonot o[ 1 1 | I i T - A - i
- 0 & 4 E
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Plot 7: Dwell time DHS5, channel 0

Modulation Padiet Type
GFEK [HE
20_\\\||| ¥ 0 X8 07 i EL 3 %41 FF T 330010 Q8% 9
Mg [dBm] -
0. [dBm] o
0 .
Traced i : 0
a
THon 1
X il .
j: i i, At tgh Py P, il At
40 7l
o, .
L | S O e T IS ) TR R 2 (o 8 (Y My P [ ol o 7R b S O [ 3 1 M [ T
o il 4 B 8 10
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Plot 8: Dwell time DH5, channel 39
Modulation Padhet Type
GFEK DHE
- % i o L G O O I L
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Plot 9: Dwell time DH5, channel 78
C.BER by Cetecom Saarbruedien Germany

Modulation Padiet Type
GFEK DS

Mag: [dBm]

Traced

20+

TH on 40

PR r I} ek
-0 s B e ety Lo i

TXon-off_SD-;;:;.;.;-.;\;|;:;.:|;";|;I:

time [mz]

T on off [me] TH on [mg] T off [me]
i, 18897994 2856813528 3333008132

Results:
Tx Time | Dwell Time/31.6 sec. | Limit | Margin
Channel [Mode | (ms) (ms) (ms.)[ (ms)
0 DH1 | 0,3820 | 0,382 x 320.0 =122 | 400 | 277,76
39 DH1 [ 0,3850 | 0,385 x320.0 =123 | 400 | 276,80
78 DH1 | 0,3820 | 0,382 x 320.0 =122 | 400 | 277,76
0 DH3 | 1,5870 | 1,587 x 320.0 =508 | 400 | 146,24
39 DH3 | 1,5870 | 1,587 x 320.0 =508 | 400 | 146,24
78 DH3 [ 1,5870 | 1,587 x 320.0 =508 | 400 | 146,24
0 DH5 | 2,8570 | 2,857 x 320.0 =914 | 400 | 94,87
39 DH5 | 2,8570 | 2,857 x 320.0 =914 | 400 | 94,87
78 DH5 | 2,8570 | 2,857 x 320.0 =914 | 400 | 94,87
Limits:

FCC IC

Time of occupancy (dwell time)

The frequency hopping operation shall have an average time of occupancy on any frequency not exceeding 0.4
seconds within a duration in seconds equal to the number of hopping frequencies multiplied by 0.4.

Result: Passed
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9.7 Spectrum bandwidth of a FHSS system — 20 dB bandwidth

Description:

Measurement of the 20dB bandwidth of the modulated signal. The measurement is performed according to the
“Measurement Guidelines” (DA 00-705, March 30, 2000). EUT in single channel mode.

Measurement:
Measurement parameter
Detector: Peak
Sweep time: 2s
Video bandwidth: 30 kHz
Resolution bandwidth: 10 kHz
Span: 3 MHz
Trace-Mode: Max Hold
Limits:
FCC IC
Spectrum bandwidth of a FHSS system — 20 dB bandwidth
GFSK < 1500 kHz
Pi/4 DQPSK < 1500 kHz
8DPSK < 1500 kHz
Results:
Modulation 20 dB BANDWIDTH [kHz]
Frequency 2402 MHz 2441 MHz 2480 MHz
GFSK 938 956 992
Pi/4 DQPSK 1335 1353 1335
8DPSK 1317 1317 1317
Measurement uncertainty + 10 kHz

Result: Passed
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Plots:

Plot 1: lowest channel — 2402 MHz, GFSK modulation

CBER by Celesam Saarbiecken Gemany
Fief. Level Dffset [dB) Detector Smeeptime [5] Wideo B [Hz) REAY [Ha]
95 POS 2 30k 30000
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Plot 2: middle channel — 2441 MHz, GFSK modulation
CBER by Celesam Saarbiecken Gemany
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Plot 3: highest channel — 2480 MHz, GFSK modulation

CBER by Celesam Saarbiecken Gemany
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Plot 4: lowest channel — 2402 MHz, Pi / DQPSK modulation

CBER by Celesam Saarbiecken Gemany
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Plot 5: middle channel — 2441 MHz, Pi / DQPSK modulation

C.BER by Cetesom Saztbuzcken Gemany
Fief. Level Dffset [dB) Detector Smeeptime [5] Wideo B [Hz) REAY [Ha]
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Plot 6: highest channel — 2480 MHz, Pi/ DQPSK modulation

C.BER by Celecom Saarbiuedken Gemany
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Plot 7: lowest channel — 2402 MHz, 8 DPSK modulation

L.BER by Cetecom Saatbuecken Gemany
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Plot 8: middle channel — 2441 MHz, 8 DPSK modulation

L.BER by Cetecom Saatbuecken Gemany
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Plot 9: highest channel — 2480 MHz, 8 DPSK modulation

C.BER by Celecom Saarbruecken Gemany
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9.8 Maximum output power

Description:

Measurement of the maximum output power conducted and radiated. EUT in single channel mode.

Measurement:
Measurement parameter

Detector: Peak

Sweep time: Auto

Video bandwidth: 3 MHz
Resolution bandwidth: 3 MHz
Span: 5 MHz
Trace-Mode: Max Hold

Limits:
FCC IC
Maximum output power
[Conducted: 0.125 W — antenna gain max. 6 dBi]
Systems using more than 75 hopping channels:
Conducted: 1.0 W — antenna gain max. 6 dBi
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Results:
Modulation Maximum output power conducted [dBm]
Frequency 2402 MHz 2441 MHz 2480 MHz
GFSK 10.2 10.2 9.0
Pi/4 DQPSK 9.8 9.0 7.7
8DPSK 10.1 9.3 8.2
Measurement uncertainty +1dB

Result: Passed

Results:

Pi/4 DQPSK *)

8DPSK *)

Modulation Maximum output power radiated - EIRP [dBm]
Frequency 2402 MHz 2441 MHz | 2480 MHz
GFSK

Not performed !

Measurement uncertainty

+3dB

*) - Values calculated with antenna gain

Result: Passed
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Plots:

Plot 1: lowest channel — 2402 MHz, GFSK modulation

Ref. Level Offset [48] Detectar Suweeptime [5] Video B [Hz] RBAN [Hz]
95 Pas &m k] 3000000
1" L T T | L T 1 T T

Mag: [dBm] 10
s [ ./"F(w_f ]

| I | | L L | | I | I L
1]
23996 146 240G 24026 24036 24046 24056

Freq [Hz]

Start Freq [Hz] Stop Freq [Hz Tracem, Found Feak [4Bm] Found Peak [Kz]
23086 24056 IAJH 1015415955 240744836

Plot 2: middle channel — 2441 MHz, GFSK modulation

Rief. Level Offset [48] Detector Sweeptime [3] Videa B [Hz] RREA [Hz]
95 FOS &m k] 3000000
11 1 T i 1 T 1 1
Mag: faBm] 10 - :
|

I I | | L L | L I | L |
1]
24386 24336 2445 24416 24426 24436 24440

Freq [Hz]

Start Freq [Hz] Stop Freq [H Tracem, Found Feak [46m] Found Peak K]
238G 2.444% IAJH 1017042542 24908266516

2013-04-04 Page 30 of 105



CETE

Test report no.: 1-5579/12-02-10-B

Plot 3: highest channel — 2480 MHz, GFSK modulation

Ref. Level Offset [48] Detectar Suweeptime [5] Video B [Hz] RBAN [Hz]
a8 Pas &m k] 3000000
9 L T T T T T 1 G T
i § /J_’N_/—""_” h‘\\w

it P
il 7

1]
E j/ i i I ] I I I I I I
24776 24786 24730 2480 24816 24826 24836
Freq [Hz]
Start Freq [Hz] Stop Freq Hz] Tracem, Faund Peak [dBm] Found Peak K]
24776 24336 hi&xH 2992105103 2A7ATTIEGGG
Plot 4: lowest channel — 2402 MHz, Pi / DQPSK modulation
Rief. Level Offset [48] Detector Sweeptime [3] Videa B [Hz] RREA [Hz]
95 FOS &m k] 3000000

Mag: [dBm] =
8 i //M
- -

1 #f 4
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Freq [Hz]
Start Freq [Hz_i StoR Fre.q. [Hz] Tiacem, Found.Peak [dBm] Found Peak I’Hzl
23886 24056 hiéxH 9.333530124 2AMTITEGGG
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Plot 5: middle channel — 2441 MHz, Pi / DQPSK modulation

Ref. Level Offset [48] Detector Sueeptime [5 Video B [Hz] RBA [Hz]
a5 Pas &m k] 3000000

Mag: [dBm]

1 1 | l | 1 | | | | | | l 1
-
24386 24385 2445 24416 24426 24436 24448

Freq [Hz]

Start Freq [Hz] Stop Freq [H Tracem, Found Feak [4Bm] Found Peak [Hz]
238G 2.444% IAJH 8 O66GEET 175 24907414836

Plot 6: highest channel — 2480 MHz, Pi/ DQPSK modulation

Fief. Level Offset [48] Detector Sweeptime [3] Videa B [Hz] ‘FREA [Hz)
98 FOS &m k] 3000000

Mag: [dBm] L +
2 Wid [

i ,J‘H/ ""«‘_\k i
f: . N ]

-3
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Start Freq [Hzi StoR Fre.q. [Hz] Tiacem, Fpund Peak [Q.ﬂm] Found Peak I’Hzl
24776 24336 hiéxH 7.713080515 2.43003008%
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Plot 7: lowest channel — 2402 MHz, 8 DPSK modulation

Ref. Level Offset [48] Detectar Suweeptime [5] Video B [Hz] RBAN [Hz]
95 Pas &m k] 3000000
1 1 ] ] | ] | ] | I ] ] T | I | | ]

Mag: [d4Bm] 12 C f“_w,.»w-v e w i
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Plot 8: middle channel — 2441 MHz, 8 DPSK modulation

Rief. Level Offset [48] Detector Sweeptime [3] Videa B [Hz] RREA [Hz]
95 FOS &m k] 3000000
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Plot 9: highest channel — 2480 MHz, 8 DPSK modulation

C.BER by Cetecom Saatbiueden Gemany
Ref. Level Offzet [dB] Detectar Suweeptime [5] Widen BV [Hz] RBAI [Hz]
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24776 24336 hi&xH 8.197816467 24700810646
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9.9 Band edge compliance conducted

Description:

Measurement of the conducted band edge compliance. EUT is measured at the lower and upper band edge in
single channel and hopping mode. The measurement is repeated for all modulations.

Measurement:
Measurement parameter
Detector: Peak
Sweep time: Auto
Video bandwidth: 100 kHz
Resolution bandwidth: 100 kHz
Span: L_ower Band Edge: 2395 — 2405 MHz
higher Band Edge: 2478 — 2489 MHz
Trace-Mode: Max Hold
Limits:

FCC IC

Band edge compliance conducted

In any 100 kHz 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 20 dB below
that in the 100 kHz bandwidth within the band that contains the highest level of the desired power, based on either an
RF conducted or a radiated measurement. Attenuation below the general limits specified in Section 15.209(a) is not
required.

Results:
Scenario Band edge compliance conducted [dB]
Modulation GFSK Pi/4 DQPSK 8DPSK
Lower band edge — hopping off >20dB >20dB >20dB
Lower band edge — hopping on >20dB >20dB >20dB
Upper band edge — hopping off >20dB >20dB >20dB
Upper band edge — hopping on >20dB >20dB >20dB
Measurement uncertainty +1.5dB

Result: Passed
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Plots:

Plot 1: Lower band edge — hopping on, GFSK modulation
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Plot 2: Upper band edge — hopping on, GFSK modulation
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Plot 3: Lower band edge — hopping off, GFSK modulation
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Plot 4: Upper band edge — hopping off, GFSK modulation
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Plot 5: Lower band edge — hopping on, Pi/4 DQPSK modulation
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Plot 6: Upper band edge — hopping on, Pi/4 DQPSK modulation
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Plot 7: Lower band edge — hopping off, Pi/4 DQPSK modulation
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Plot 8: Upper band edge — hopping off, Pi/4 DQPSK modulation
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Plot 9: Lower band edge — hopping on, 8DPSK modulation
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Plot 10: Upper band edge — hopping on, 8DPSK modulation
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Plot 11: Lower band edge — hopping off, 8DPSK modulation
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Plot 12: Upper band edge — hopping off, 8DPSK modulation
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9.10 Band edge compliance radiated

Description:

Measurement of the radiated band edge compliance. The EUT is turned in the position that results in the
maximum level at the band edge. Then a sweep over the corresponding restricted band is performed. The EUT
is set to single channel mode and the transmit channel is channel 00 for the lower restricted band and channel
78 for the upper restricted band. The measurement is repeated for all modulations. Measurement distance is
3m.

Measurement:
Measurement parameter
Detector: Peak
Sweep time: Auto
Video bandwidth: 1 MHz Peak / 10 Hz AVG
Resolution bandwidth: 1 MHz
Span: prer Band:. 2370 — 2400 MHz
higher Band: 2480 — 2500 MHz
Trace-Mode: Max Hold
Limits:

FCC IC

Band edge compliance radiated

In any 100 kHz 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 20 dB below
that in the 100 kHz bandwidth within the band that contains the highest level of the desired power, based on either an
RF conducted or a radiated measurement. Attenuation below the general limits specified in Section 15.209(a) is not
required. In addition, radiated emissions which fall in the restricted bands, as defined in Section 15.205(a), must also
comply with the radiated emission limits specified in Section 15.209(a) (see Section 5.205(c)).

54 dBuV/m AVG
74 dBuV/m Peak

Results:
Scenario Band edge compliance radiated [dBuV/m]
Modulation GFSK Pi/4 DQPSK 8DPSK
Lower restricted band <B4 AVG/<T74PP | <54 AVG/<T74PP | <54 AVG /<74 PP
Upper restricted band <B4 AVG/<T74PP | <B4 AVG/<T74PP | <54 AVG/<T74 PP
Measurement uncertainty +3dB

Result: Passed
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Plots:

Plot 1: Lower band edge, GFSK modulation, vertical & horizontal polarization
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Plot 3: Lower band edge, Pi/4 DQPSK modulation, vertical & horizontal polarization
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Plot 5: Lower band edge, 8 DPSK modulation, vertical & horizontal polarization
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Plot 6: Upper band edge, 8 DPSK modulation, vertical & horizontal polarization
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9.11 TX spurious emissions conducted

Description:

Measurement of the conducted spurious emissions in transmit mode. The EUT is set to single channel mode
and the transmit channel is channel 00, channel 39 and channel 78. The measurement is repeated for all
modulations.

Measurement:
Measurement parameter
Detector: Peak
Sweep time: Auto
. i F <1 GHz: 500 kHz
Video bandwidth: F > 1 GHz: 500 kHz
. — F <1 GHz: 100 kHz
Resolution bandwidth: F>1GHz 100 kHz
Span: 9 kHz to 25 GHz
Trace-Mode: Max Hold
Limits:
FCC IC

TX spurious emissions conducted

In any 100 kHz 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 20 dB below
that in the 100 kHz bandwidth within the band that contains the highest level of the desired power, based on either an
RF conducted or a radiated measurement. Attenuation below the general limits specified in Section 15.209(a) is not
required
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Results:
TX spurious emissions conducted
GFSK - mode
amplitude of limit actual attenuation
f [MHZz] emission max. allowed below frequency of results
[dBm] emission power operation [dB]
2402 30 dBm Operating frequency
No critical peaks detected complies
-20 dBc
2441 30 dBm Operating frequency
No critical peaks detected complies
-20 dBc
2480 30 dBm Operating frequency
No critical peaks detected complies
-20 dBc
Measurement uncertainty +3dB
Result: Passed
Results:
TX spurious emissions conducted
Pi/4-DQPSK - mode
amplitude of limit actual attenuation
f [MHZz] emission max. allowed below frequency of results
[dBm] emission power operation [dB]
2402 30 dBm Operating frequency
No critical peaks detected complies
-20 dBc
2441 30 dBm Operating frequency
No critical peaks detected complies
-20 dBc
2480 30 dBm Operating frequency
No critical peaks detected complies
-20 dBc
Measurement uncertainty + 3dB

Result: Passed
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Results:
TX spurious emissions conducted
8DPSK - mode
amplitude of limit actual attenuation
f [MHZz] emission max. allowed below frequency of results
[dBm] emission power operation [dB]
2402 30 dBm Operating frequency
No critical peaks detected complies
-20 dBc
2441 30 dBm Operating frequency
No critical peaks detected complies
-20 dBc
2480 30 dBm Operating frequency
No critical peaks detected complies
-20 dBc
Measurement uncertainty + 3dB

Result: Passed
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Plots:

Plot 1: lowest channel — 2402 MHz, GFSK modulation

Plot 2: middle channel — 2441 MHz, GFSK modulation
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Plot 3: highest channel — 2480 MHz, GFSK modulation
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Plot 4: lowest channel — 2402 MHz, Pi / DQPSK modulation
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Plot 5: middle channel — 2441 MHz, Pi / DQPSK modulation
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Plot 6: highest channel — 2480 MHz, Pi/ DQPSK modulation
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Plot 7: lowest channel — 2402 MHz, 8 DPSK modulation
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Plot 8: middle channel — 2441 MHz, 8 DPSK modulation
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