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Applicant and Test item details

Applicant AVL DITEST GmbH

Alte Postsirasse 156

8020, Graz, Ausiria
Manufacturer AVL DITEST GmbH

Alte Poststrasse 156

8020, Graz, Ausiria
Test item description Vehicle Communication interface VO OMNE (welINK}
Model Type reference 322001

Standard specific information

FCCID 2A0TU-322001
Ic 20075-322001
HMN NiA
PN VI
HVIN 322001
FVIN NiA
Technology Bluetooth Basic Data Rate (BDR), Enhanced Data Rate (EDR)
Frequency 24 GHz |SM band (2400 - 24873 5 MHz)
Antenna Flexible Polymer Seres Antenna (FXPB30.24 0100B)
Power supply G0to 350V DC
Temperature range 3070 o +60°C

Disclaimer and Notes
The content of this report relates to the mentioned test samplels) only.

IBL-Lab GmbH does not take samples, The samples used for testing are provided by the applicant
Without a written permit of IBL-Lab GmbH, this test report shall not be reproduced, except in full.
The last valid version is avalable at TAMSys®
Signatures are done slectronically, if signer does not mabch stated signer, & is signed per order.
Information supplied by the applicant can affect the validity of results. The dafa is marked accordingly
Copyright ©: AN rights reserved by IBL-Lab GmbH

Within this test report, a B paint / O comma ks used as a decimal separator.
If otherstse, a detalled note s added adjected Lo its use.

Duscision rube:

Decision rule based on simple acceptance without guard bands, binary statement, based on mutually agreed
uncertainty olerances with expansion factor k=2 according o [LAC-GE.08/201%

IBL-Lab SmiH 2135
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2 GENERAL INFORMATION

2.1 Administrative details

Testng labomtony

IBL-Lab GmbH
Heinrich-Heriz-Allee 7

66366 5L lngbert / Germany
Fon; +40 804 38538-0

Faw: =45 6884 38038-08
URL: i

E-Mail: jnfod@b-lenhardt com

Accreditation / Designation

The testing laboratory is accredited by Deutsche Akkreditierungsstells
GmbH (DAKKS) in compliance with DIN EN ISCHEC 170252018

Scope of festing and registration number;

¢ Attachment o the accrediation cerificate «PL-Z1375=01-
Electronics

Electromagnetic Compatibiity

Radio

Electromagnetic Compatibiity and
Telecommunication (FCT requirements)
Telecommunication (TC) and
Electromagnetc Compatibiity (EMC)
for Canadian Standards

oo Automotive EMC

L I

o]

Wabsite DAKKS: htpshwaned dakks del

The Deutsche Akkredfierungsstelle GmbH (DAKKS) is also a signatory to
the ILAC Mulual Recognition Armangement.

+  Designabions
o FCC
Testing Laboratory Designation Mumber DEODZ24
o ISED
ISED Company Mumber 27156
Testing Laboratory CAB Hentifier DEDDZD
o Kraftfahi-Bundesamt KBA-F 001 20-23

Testing location

IBL-Lab GmbH
Heinrich-Herz-Allee 7
66288 St Ingbert / Germany

Date of recelpt of test samples

2024-08-05

Start = End of tests

2024-08-17 = 2025-01-28

18L-Lab S
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2.2 Possible test case verdicts

Test sample meets the requirements | P {PASS) =the measured value is below the acceptance lmit, AL = TL
Test sample does not meet the F (FAIL) = the measured value is above the acceptance limit, AL = TL
requirements

Test case does not apply to the test | MAA (Not applicable)

sample

Test case not performed M/P (Mot performed)

2.3 Observations
Mo additional chservations other than the reported cbservations within this test report have been made.

2.4 Opiniens and interpretations
Mo appropriate opinions or nterpretations acconding |[SCHEC 170252017 clawse 7.8.7 are within this test report,

2.5 Revision history
=0 Initial Version

2.6 Further documents

List of further applicable documents belongng to the present test repot:
- no additional documents -

IBL-Lab SmiH G135
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3 ENVIRONMENTAL & TEST CONDITIONS

3.1 Environmental conditions

Temperaturs 20°C £5°C
Relative hurmidity 2573 % rrH
Barometnc Pressure BE0-1060 mbar

Fower supphy

A0V AC £ 5% /50 Hz

3.2 Mormal and extreme test conditions

TR nommal A imunm
Temperature = "2 20°C ="
Relative humidity ot 45 % rh ot
Fower supply == W DI 12% DC wfs N DG

4 TEST STANDARDS AND REFERENCES

Test standard (accredited)

Descriplion

FCC 47 CFR Part 15

Radio Frequency Devices = Subpart C
£ 15.247 Operation within the bands $02-5828 MHz, 240024835 MHz,
and 57.25-5850 MHz

RS55-247, Issue 3 (2023-08)

Digital Transmission Systems (DT 3s), Freguency Hopping Systems
(FHSs) and Licence-Exempt Local Area N ebwork (LE-LAN) Devices

RES-Gen, Issue 5 (2018-04) General Reguirements for Compliance of Radio Apparalus
Reference Description
ANSI C63.4-2014 American MNational Standard for Methods of Measurement of Radio-MNolse

Emissions from Low-Vaoltage Elecirical and Electronic Equipment in the
Range of % kHz to 40 GHz

ANSI C63.10-2013

American Mational Standard of Procedures for Compliance Testing of
Unlicensed Wireless Devices

558074 D01 15.247 Meas Guide
v05r02

Guidance for compEance measurements on digital ransmission sysiems,
Frequency hopping spread specirum systems and hybrid system devices
speraling under section 15247 of the FOC rubes

18L-Lab S
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5 EQUIPMENT UNDER TEST (EUT)

5.1 Product Description

YWehicle Communication nterface VO ONE (weLINK)

" as declared by applicant

6.2 Test tem Description

Meodiel Faime 322001

Serial number® radiated test samphe: 00122 J conducted test sample: 00114
Hardware status* W2

Software status® V243

* as declared by applicant; please see Annex A, B for EUT photographs.

5.3 Technical Data of Equipment

Technology*

Bluetsoth Baskc Data Rate (BDR), Enbanced Data Rate (EDR)

Operational frequency band*

2.4 GHz 15K band (2400 — 2483.5 MHz)

Operational carfer frequency™

2402 — 2480 MHz

Modulation type®

FHES (GFSK, md-DOPSK, BDPSK)

Data rate* 1 Mbps, 2 Mbps, 3 Mops

Humber of channels* 78

Channel bandwidth* 1 MHz

Channel spacing® 1 MHz

Antenna* Flexible Palymer Series Antenna (FXPB30.24 01 00B)

Antenna gain® Frequency {MHz} FrPE20, 24 01008

Peak gain (dBI)

2400 1.85
2450 300
2500 3.32

Power supply™ G0te350VDC

Temperature range®

=30 °C to +60 °C

* as declared by applicant

54 Additional Infermation

Model differences

= M3NE =

Ancillaries tested with

—nane —

Additional equipment used for

testing

Motebook with test tool (termamal programm with set of commands to

configure necessary test modes)

18L-Lab S

B/135



2z LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION
6.6 Testmodes

Mode 1 OH1; GFSE, PRESS, max. power

Mode 2 DH3: GFEK, FRBSS, max. power

Mode 3 DHE: GFSE, PREZS, max, power

Mode 4 2-0H1: i4-DOPSK, PRBSS, max, power
Mode 5 2-0HY: wi4-DOPEK, PRESS, max. power
Mode & 2-0H%: w4-DOPSKE, PRESE, max, power
Mode 7 3-0H1: BDPSK, PRESD, max, power
Mode 8 3-DH2: BDPSK, PRBSD, max, power
Mode 9 +=0H5: BDP3K, PRBID, max, power
Low Channel CHO: 2402 MHz

Mid Chanmel CH39: 2441 MHz

| High Channel CH7E: 2480 MHz

Bluetooth channel plan (informative):
1MHz

" rrn'.'.II
|||I|II

il

||.. ||||I l"|"

m\|u'm|Hummf“mrmnmrr MR 1 'r'H'
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6 SUMMARY OF TEST RESULTS
Test specification
FCC 47 CFR Pant 15
RS5S-247 Issue 3 (2023-08) F RS5-Gen, Issue 5 (2018-04)
Clause Requirement / Test Case Result - Remark Result Verdict
15.247{a)1)
RES-247, 5.1 (b) Camier frequency separation | KDB 558074, clause: SB0 kHz -PASS -
15.247 (@)1 M0, (@) | Number of frequency .
RS5-247, 5.1 (d) | hopping channels KDB 558074, clause: 8 [ -PASS -
15,247 ca) 1 pii)
RES-247, 5.1 (d) Tirme of channel occupancy KDB 558074, clause: B 333 ms -PASS -
15247 @N1) Minimum emission bw 6dB, 1089 kHz i i
R55-247,5.1 (3) | emission bandvidth 20 g | 00 298074, chause. 2.2 | yagp gy, | -PASS
RSS Gen, 6.7 Crocupied bandwidth (95%) wf= 1200 kHz -PASS -
515.24T0KHN) RF output power ;
E15.24T(bY4) Antenna gain iy 3.3 dBi _PASS .
RS55-247 54 (b) | Peak EIRP ) 10.0 dBrm
515.247(d) Band edge compliance . -
RSS-247,55 | (BEC), conducted KCB 553074, clause: 8 imit -PASS -
B15.247(d) Band edge complance i i
RS5-247.55 | (BEC), rediated KDB 558074, clause: 8 = it PASS
ST, |Conddedmuiol oo causes | <imi | -pss.
15247 (a) f 515,208
RSS:247,55/ | Lasied spufaus emisslons |, <imt | -PASS-
RSS-Gen, 8.9 !
B15.207 EUT is battery powered ) i
RSS-Gen 8 | ACconductedemissions | iz ehicle battery NiA
Comments and observations
Follewing pages show requirements and references of FOCC Pard 15,247, ANSICS3.10 and KDB 558074 only
Same tests are also applicable and valid for RE5-247 ) with clauses given in table above.
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7 TEST RESULTS

7.1 Carrier frequency separation

Applicability
This requirement apphes to all types of FHS equipment operating in the 2400 - 2483 .5 MHz band,

Description
Frequency hopping systems shall have hopping channel carrer frequencies separated by a minimum feguency
value

Limit

£15.247 (a)1)

Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of 25 kHz
or the 20 dB bandwidth of the hopping channel, whichever is greater. Altematively, frequency hopping systems
cperating in the 2400-2483 5 MHz band may have hopping channel carer frequencies that are separated by 25
kHz or bwo-thirds of the 20 dB bandwidth of the hopping channel, whichever i greater, provided the systems
operate with an output power no greater than 125 mii,

Test procedure

AMEICE3.10,7.82

The EUT shall have s hopping funciion enabled. Use the following specirum anahlyzer settings:

a) Span: Wide encugh to capture the peaks of bwo adjacent channels.

B) REW: Star with the REW set to approximately 30% of the channel spacing; adjust as necessary to best
identify the center of each individual chann el

c} Video (or average) bandwidth (VBW) = REW,

d) Sweep: Mo faster than coupled (auts) time.

e Detector function: Peak,

f) Trace: Max-hold.

g1 Allow the trace to stabilize

Use the marker-delta function to detemmine the separation between the peaks of the adjacent channels.
Compliance of an EUT wih the appropriate regulatory limit shall be determined, A spectral plot of the data shall
be included in the test report

Vihere the device shares the same channel plan {camier Fequencies and number of channels) across multiple
data rates or modulation schemes then the cardler separation need only be measured for one of those
modulation schemes or data rates,

Test setup: 8.4 with conducted test sample (see section 5.2)

IBL-Lab SmiH 117135
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Test Results
Carrier frequency separation
EUT Mode low channel mid channel high channel Limit
[kHz] [kHz] [kHz]
hode 1 1010 1010 980 = ifs of 20 dB BWY
hode 2 1010 1010 S50 = & of 20 dB BWY
hode 3 1010 1010 1] = iy of 20 dB BW
Mode 4 430 1040 1010 = ifs of 20 dB BWY
hode 5 1010 1010 1010 = & of 20 dB BWY
hode & 1010 1010 1010 = iy of 20 dB BW
Mode 7 1010 1040 1010 = i of 20 dB BW
hode B 1010 980 1040 = & of 20 dB BWY
hode & 1010 1010 1] = iy of 20 dB BW
| Comment: | —
Verdict ~PASS - see next plots
| IBLLub GmbH 1271135



2z LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 1; Carrier Freguency Separation, Mode 1, low channel
CFS

STV

Leval in BB

24 2401 .5 2402 2402 5 24803 2005 404
Fradisansy i MHZ

Plot Z: Carrier Freguency Separafion, Mode 1, mid channel
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Plot 3; Carrier Freguency Separation, Mode 1, high channel
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Plot 4; Carrier Freguency Separation, Mode 2, low channel
CFS
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Plot 5 Carrier Freguency Separafion, Made 2, mid channal®
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Plot &; Carrier Freguency Separation, Mode 2, high channel
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Plot 7: Carrier Freguency Separation, Mode 3, low channel
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Plot 8 Carrier Freguency Separafion, Made 3, mid channal®
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Plot &; Carrier Freguency Separation, Mode 3, high channel
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Plot 10: Carrier Freqguency Separation, Mode 4, low channel
CFS
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Plot 11: Carrier Frequency Separation, Mode 4, mid channel®
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Plot 12: Carrier Freguency Separation, Mode 4, high channel
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Plot 13 Carrier Freqguency Separation, Mode 5, low channel
CFS

- oy e T i ——g
T ey, i e S

Leval i clBim

24 2401 .5 280 25 24803 2005 404
Fradisansy i MHZ

Plot 14: Carrier Frequency Separation, Mode 5, mid channel®
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Plot 15 Carrier Freguency Separation, Mode 5, high channel
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Plot 16: Carrier Freqguency Separation, Mode &, low channel
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Plot 17: Carrier Frequency Separation, Mode §, mid channel®
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Plot 18: Carrier Freguency Separation, Mode §, high channel
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Plot 19: Carrier Freqguency Separation, Mode 7, low channel
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Plot 20: Carrier Frequency Separation, Mode 7, mid channel
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Plot 21: Carrier Freguency Separation, Mode 7, high channel
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Plot 22: Carrier Freguency Separation, Mode 8, low channel
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Plot 22: Carrier Freqguency Separation, Mode 8, mid channel
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Plot 24: Carrier Freguency Separation, Mode 8, high channel
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Plot 25: Carrier Freqguency Separation, Mode 9, low channel
CFS
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Plot 28 Carrier Frequency Separation, Mode 9, mid channel
CFS

a0t

Ll in BB

Fragiuancy in MHZ

Plot 27: Carrier Freguency Separation, Mode 9, high channel
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7.2 Number of frequency hopping channels

Applicability
Thig requirement apphes to all types of FHS squipment operating n the 2400 - 2483.5 MHz band.

Description
Frequency hopping systems shall have a minimum number of hopping channels

Limit
§15.247 (a1 i)
Freguency hopping systems in the 2400-2483 5 MHz band shall use at least 15 channels,

Test procedure

AMEI CE3.10,7.83

The EUT shall have s hopping funciion enabled. Use the following specirum anahlyzer settings:

a) Span: The frequency band of eperation. Depending on the number of channels the device supports, it could
be necessary o divide the frequency range of cperation across mulliple spans, to allow the individual channels
to be cleary seen,

bi REBW: To identify clearly the individual channels, set the REW be less than 30% of the channel spacing or the
20 dB bandwidth, whichever is smaller.

ch VBW = RBW

d) Sweep: Mo faster than coupled (auts) time.

e) Detector function: Peak,

f) Trace: Max-hold

g1 Allow the trace to stabilize

It might prove necessary o break the span up mto subranges to show cleady all of the hoppng frequenches.
Compliance of an EUT wah the appropriate regulatory limit shall be determined for the nember of hopping
channels. A spectral plot of the data shall be included in the test report

Where the device shares the same channel plan {camier fequencies and number of channels) across multiple
data rates or modulation schemes then the number of channels need only be measured for ane of thaose
modulation schemes or data rates,

Test setup: 8.4 with conducted test sample (see section 5.2)

Test Results
Number of frequency hopping channels
EUT Mode Limit Linnit Result
Channels min A

Mode 3 7e 15 - =15

Mode & Te 15 - 15

Mode 9 7o 15 - =15

| Comment: | —
Verdict -PASS - see next plofs
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Plot 28 Mode 3, Hopping Frequencies
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Plot 29: Mode §, Hopping Frequencies
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Plot 30- Mode 9, Hopping Frequencies
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7.3 Time of channel cccupancy

Applicability
Thig requirement apphes to all types of FHS squipment operating n the 2400 - 2483.5 MHz band.

Description

The dwell ime per hop on a channel is the me from the stant of the first transmission to the end of the last
transméssion for that hop. if the device has a single transmission per hop then the dewel tme is the duration of
that fransmission, ifthe device has a multiple transmissions per hop then the dwell time is measured from the
start of the first ransmission to the end of the [ast transmission.

The time of occupancy is the total me that the device dwells on a channel over an observation peried specified
in the regulatery requirement. To determine the me of occupancy the spectrum analyzer will be configured to
measure both the dwell time per hop and the number of fimes the device fransmits on a specific channel in a

| given period.

Limit

15,247 (a1 i), RS5-247, 5.1 (d)

The average time of occupancy on any channel shall not be greater than 0.4 seconds within a period of 0.4
seconds multiplied by the number of hopping channels employed. Frequency hopping systems may avoid or
| suppress fransmissions on a particular hopping frequency provided that a minimum of 15 channels are used

Test proceduns
MM S CE3 10, T84
The EUT shall have s hopping funclion enabled. CompEance with the requirements shall be made with the
mmimem @and with the maximwm nember of channels enabled. [Fthe dwell time per channel does not vary with
the number of channels than compllance with the requirements may be based on the minmum number of
channels. [fthe device supports different dwell times per channel (example Bluetooth devices can dwell on a
channel for 1, 3 or 5 time shots) then measurements can be limited to the longest dwell me with the minimam
number of chanmels.
Use the following spectrum anab/zer settings to determine the dwell ime per hop:
a) Span: Zero span, centered on a hopping channel
b) REW shall be = channel spacing and where possible RBW should be set == 1/ T, where T s the
expected fransmission time per hop
e} Sweep Ume: Set so that the start of the first ransmission and end of the last ransmission for the hop are
cleardy captured. Selting the sweep Ume to be slightly longer than the hopping period per channel (hopping
perod = 1hopping rabe) should achieve this.
di Use a video trigger, where possible with a tigger delay, 5o that the stant of the transmission is clearly
chserved. The rigger level might need adustment to reduce the chance of tiggermg when the system hops
on an adjacent channel,
o) Detector funchion: Peak.
fi Trace: Clear-write, single sweep.
q) Place markers at the star of the first transmission on the channel and at the end of the last transmission.
The dwell time per hop is the time between these two markers,
To determine the number of hops on a channel in the regulatery cbservation perod repeal the measurement
using a longer sweep time. When the device uses a single hopping sequence the period of measurement should
be sufficient to capiure at least 2 hops, When the device uses a dynamic hopping sequence, or the sequence
varies, the period of measurement may need to caplure multiple hops to better determine the average time of
accupancy. Count the number of hops on the channel across the sweep Hme.
The average number of hops on the same channel within the regulatory cbservation period is caloulated from
the number of hops on the channel divided by the spactrum analyzer sweep tme mulliplied by the regulatony
observation pericd. For example, if three hops are counted with an analyzer sweep time of 300 ms and the
regulatory observation period is 10 5, then the number of hops in that ten seconds 5 37 0.5 = 10, or 80 hops,
The average time of occupancy is calculated by multiplying the dwell fime per hop by the number of hops in the
abservaltion pericd.
Vhere the device shares the same hopping algonthms (dwelltime, channel selection) across mulliple data rates

or modulation schemes then the Hme of sccupaney need only be measured for one of those modulation

IBL-Lab SmiH 25135
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schemes or data rates. If the dwell time value varies with dittierent modes of operation (data rate, modulation
format, number of hopping channels, ste), then repeal this test for sach variation in dwell ime.

Test setup: B.4 with conducted test sample (see section 5.2)
Test Results
Average time of occupancy Limit
EUT Mode low channel mid channel high channel [ms]
[ms] [mns] [ms]
Mode 3 2810 2781 4.2 = 400
Mode & 2807 333.2 o0 =400
Mode 9 2897 2873 Z81.4 =400
| Comment: | -
Verdict -PASE - see nexi plofs
| IBLLub GmbH 2571135
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Plot 31: Mode 3, Tme of Channel Cccupaney, low channel

DUT Frequenty Result | Mumber | Averagetime | Limit Max | Limit Min | Threshald
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Flot 32: Mode 3, Time of Channel Cecupancy, mid channel

DUT Freguendy Result | Mumber | Average time | Limit Max Limit Minm | Theeshald
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Flot 33 Mode 3, Time of Channel Coccupaney, high channel

DUT Freguency Result | Mumber | Average time | Limit Max Limmit Minm | Threshold
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Flot 34: Mode &, Time of Channel Cecupancy, low channel

DUT Freguendy Result | Mumber | Average time | Limit Max Limit Minm | Theeshald
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Plot 35 Mode &, Time of Channel Cocupancey, mid channel

DUT Frequency Result | Number | Average time | Limait Max | Limit Min | Theeshold

(MHz) of Hops | of sccupancy (ms) (s (dBm)
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Flot 36: Mode &, Time of Channel Cecupancy, high channel

DUT Freguendy Result Mumber | Average time | Linit Max Lirmit Min Thrashald
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Plot 37: Mode 9, Time of Channel Cccupancey, low channel

DUT Frequenty Result | Mumber | Averagetime | Limit Max | Limit Min | Threshald
[MHZ) of Hops | of sccupancy ) {ms) {dBEmi)
{msj
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Flot 38: Mode 8, Time of Channel Cecupancy, mid channel
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Plot 39: Mode 9, Time of Channel Cocupaney, high channel
DU T Frequendy Result | Mumber | Average time | Linit Max | Limit Min | Theeshold
{MHz) of Hops | of sccupancy {rs) ims) {dBm)
{msj
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74 Minimum emission bandwidth 6 dB, emission bandwidth 20 dB

Applicability
This requirement applies to all types of FHS equipment operating in the 2400 — 2483 .5 MHz band.

Description

The & d8 /7 20 dB Emission Bandwidth is defined as the frequency width ofthe emission that is consiramed by
the frequencies associated with the tow outermost amplitude points (upper and lower frequencies) that are
attenvated by § dB / 20 dB relative tothe maximwem level measured in the fundamental emission

Limmit
Mo limit defined

Test procedure

AMESI CE310, 7.8

The steps are as follows:

a) Set REW = 100 kHz (& d8 bandwidth measurement) or 10 kHz (20 dB bandwidih measurement)

b Set the WVBW = [3 = REW)

¢} Detector = peak

d) Trace mode = max hold.

el Sweep = auio couple,

f) Allow the race to stabilize.

g1 Measure the maximum width of the emission that is constrained by the frequencies associated with the two
cutermost amplitude points (upper and lower frequencies) that are attenuated by & dB/f 20 dB relafive to the
maximum level measured in the fundamental emission

The autematic ban dwidth measurement capabdity of an instrument may be employed using the 6 dB /20 48
| bandwidth mode,

Test setup: 8.4 with conducted test sample (see section 5.2}

Test Results
Minimum emission bandwidth 6 dB Limit
EUT Mode low channel mid channel high channel [kHz]
[kHz] [kHz] [kHz]
Mede 1 495 475 ar5 -
Mede 2 495 475 495 -
Mode 3 4485 475 485 -
MMede 4 1089 1064 1089 -
Meade 5 1089 1064 1089 -
Maode & 1084 1068 1089 -
Mede 7 1089 1089 1089 -
Mode 8 1089 1089 1089 -
Maode 8 1089 1068 1089 -
IBLLub GmbH 317135
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Emission bandwidth 20 dB Limit
EUT Mode low channel mid channel high channel [kHz]
[kHz] [kHz] [kHz]
Mode 1 1015 1015 1015 =
Mode 2 g0 825 g30 -
Mode 3 g30 o725 830 -
Mode 4 1325 1290 1330 =
Mode 5 1330 1335 1330 -
Mode § 1320 1325 1320 =
Mode 7 1325 1285 1330 =
Mode 8 1350 1350 1345 =
Mode 9 1310 1315 1315 =
| Comment: | -
Verdict - PASS - see next plols
| IBLLub GmbH 3271135
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Plot £40: Mode 1, Minmum Emission Bandwidih 8 dB, low channel
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Plot £41: Mode 1, Minimum Emission Bandwidih § dB, mid channel
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Plot 42 Mode 1, Minimum Emission Bandwidth § dB, high channel
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Plot 43 Mode 2, Minmum Emission Bandwidih 8 dB, low channel
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Plot 44: Mode 2, Minimum Emission Bandwidth § dB, mid channel
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Plot 45 Mode 2, Minimum Emission Bandwidth § dB, high channel
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Plot 48 Mode 3, Minmum Emission Bandwidih 8 dB, low channel
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Plot 47 Mode 3, Minimum Emission Bandwidth § dB, mid channel
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Plot 48; Mode 3, Minimum Emission Bandwidth § dB, high channel
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Plot £40: Mode 4, Minmum Emission Bandwidih 8 dB, low channel
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Plot 50: Mode 4, Minimum Emission Bandwidih § dB, mid channel
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Plot 51: Mode 4, Minimum Emission Bandwidth § dB, high channel
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Plot 52 Mode 5, Minmum Emission Bandwidth 8 dB, low channel
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Plot 53 Mode 5, Minimum Emission Bandwidth § dB, mid channel
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Plot 54: Mode 5, Minimum Emission Bandwidth § dB, high channel
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Plot 55 Mode &, Minmum Emission Bandwidih 8 dB, low channel
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Plot 58 Mode &, Minimum Emission Bandwidih § dB, mid channel
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Plot 57: Mode §, Minimum Emission Bandwidth § dB, high channel
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Plot 58: Mode 7, Minmum Emission Bandwidih 8 dB, low channel
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Plot 58 Mode 7, Minimum Emission Bandwidth § dB, mid channel
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Plot 80: Mode 7, Minimum Emission Bandwidth § dB, high channel

& df Bandvecth

10

— =
o II,.--H__.-H——-'_' - L—-—-‘m__

Ll i BB

- —

2473 24TES 24680 24E0.5 2481

Frequensy in MHE

IBL-Lab SmiH 305135



as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 61: Mode 8, Minmum Emission Bandwidih 8 dB, low channel
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Plot 62; Mode 8, Minimum Emission Bandwidth § dB, mid channel
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Plot 83 Mode 8, Minimum Emission Bandwidth § dB, high channel
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Plot 64: Mode 9, Minmum Emission Bandwidih 8 dB, low channel
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Plot 65 Mode 9, Minimum Emission Bandwidih § dB, mid channel
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Plot 86 Mode 9, Minimum Emission Bandwidth § dB, high channel
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Flot 68" Mode 1,

Plot 68: Mode 1,
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Ernission Bandwidth 20 dB, low channel
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Plot 70: Mode 2, Emission Bandwidth 20 dB, low channel
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Plot 71: Mode 2, Emission Bandwidth 20 dB, mid channel
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Plot 72: Mode 2, Emission Bandwidth 20 dB, high channel
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Plot 73 Mode 3, Emission Bandwidth 20 dB, low channel
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Plot 74: Mode 3, Emission Bandwidth 20 dB, mid channel
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Plot 75 Mode 3, Emission Bandwidth 20 dB, high channel
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Plot 76 Mode 4, Emission Bandwidth 20 dB, low channel
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Plot 77 Mode 4, Emission Bandwidth 20 dB, mid channel

20 dB Bandwath

5
o
w
-1 MMV‘H }"J""'-"Flrﬂ'h H'k"'ba‘ "'ﬂIHh
i "~ Vi
5. /! A
- § Jﬁu' 1
" AEIUH T i

Fraquancy in MHZ

Plot 78: Mode 4, Emission Bandwidth 20 dB, high channel
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Plot 79 Mode 5, Emission Bandvwidth 20 dB, low channel
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Plot 80: Mode 5, Emission Bandwidth 20 dB, mid channel
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Plot 81: Mode 5, Emission Bandwidth 20 dB, high channel
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Plot 82 Mode &, Emission Bandwidth 20 dB, low channel
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Plot 83 Mode &, Emission Bandwidth 20 dB, mid channel
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Plot 84: Mode §, Emission Bandwidth 20 dB, high channel
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Plot 85 Mode 7, Emission Bandwidth 20 dB, low channel
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Plot 88 Mode 7, Emission Bandwidth 20 dB, mid channel
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Plot 87: Mode 7, Emission Bandwidth 20 dB, high channel
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Plot 88 Mode 8, Emission Bandwidth 20 dB, low channel
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Plot 89 Mode 8, Emission Bandwidth 20 dB, mid channel
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Plot 80: Mode 8, Emission Bandwidth 20 dB, high channel
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Plot 91: Mode 9, Emission Bandwidth 20 dB, low channel
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Plot 92 Mode 9, Emission Bandwidth 20 dB, mid channel
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Plot 83 Mode 9, Emission Bandwidth 20 dB, high channel
20 dB Bandwidh

| W
1 T s .
/ N

Y
o/ ‘
ol / T \’Nﬁﬂ !

2473 24TES 24680 24E0.5 2481

Frequensy in MHE

Ll i BB

IBL-Lab SmiH BOF135

I N 00—
Ll in BB
A da 4 LM
e
_A"'"'-Jr_’
—




as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

7.5 Occupied Bandwidth (99% OBW)

Applicability
Thig requirement apphes to all types of FHS squipment operating n the 2400 - 2483.5 MHz band.

Description
The Qccupied Channel Bandwidth is the bandwidth that contains 99 % of the power of the signal (R 55-Gen)

Limit
Mol defined.

Test procedure

AMEICE3.10, 7.8

The cccupied bandwidth is the frequency bandwidth such that, below &5 lower and above s upper frequency

lmits, the mean powers are each egual to 0.5% of the tofal mean power of the given emission,

The following procedure shall be used for measuring $5% power bandwidth:

a) The instrument center frequency s set to the nominal EUT channel center frequency. The frequency span for
the spectrum analyzer shall be bebween 1.5 times and 5.0 times the GBW.

B The nominal IF fiter bandwidth (3 dB REW) shall be in the range of 1% to 5% of the OBEW, and VEW shall be
approximately three fimes the RBW, unless ctherwise specified by the applcable requirement

c} Set the reference level of the msirument as required, keeping the signal from exceeding the maximum input
rilxer level for lnear operabion. In general, the peak of the spectral envelope shall be more than [10 log
(CBWIRBW)] below the reference level. Specific guidance is given in 4,152,

d) Step a) through step ¢) might require iteration to adjust within the specified range.

el Video averaging is not permitted, Where practical, a sample defection and single sweep mode shall be used,
Cihergise, peak detection and max hold mode {until the frace stabilizes) shall be used,

Ty Use the 89% power bandwidth function of the instrument (if avalable) and report the measured bandwidth,

gl I thee mstrument does not have a 99% power bandwidth funclion, then the race data points are recoverad and
direcily summed i linear power terms. The recovered amplitude data points, beginning at the lowest frequency,
are placed in a running sum until 0.5% of the total ks reached; that frequency is recorded as the lower frequency'.
The process is repeated until $5.5% of the total is reached; that frequency s recarded as the upper frequency.
The %8% power bandwidth |s the difference bebween these bwo frequencies.

hi The occupied bandwidth shall be reported by providing plot{s) of the measuring instrument display; the plot
axes and the scale units per division shall be clearly labeled. Tabular data may be reported in addition to the
plotis)

Test setup: 8.4 with conducted test sample (see section 5.2)
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Test Results
Occupled Bandwidth (99%:)
EUT Mode low channel mid channel high channel
[kHz] [kHz] [kHz]
Mode 1 g5 15 o5
Maode 2 gas 835 gas
Maode 3 8rs 880 g
Mode 4 1175 1175 1175
Maode 5 11940 1195 1190
Maode § 1190 1195 1190
Maode 7 1175 1175 1175
Maode 8 1195 1200 1200
Maode 9 1200 1200 1200
| Comment: | -
Verdict -PASS - see next plofs
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Plot 94: Mode 1, 89% Occupied Bandwidh, low channel
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Plot 86: Mode 1, 98% Occupied Bandwidth, high channel
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Plot 97 Mode 2, 89% Occupied Bandwidh, low channel
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Plot 59; Mode 2, 98% Qccupied Bandwidth, high channel
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Plot 100; Mode 3, 80% Cocupied Bandwidth, low channel
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Plot 101 Mode 3, 59% Cocupied Bandwidth, mid channel
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Plot 103; Mode 4, 80% Cocupied Bandwidth, low channel
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Plot 104; Mode 4, 59% Cocupied Bandwidth, mid channel
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Flot 105: Mode 4, 89% Cocupied Bandwidth, high channel
68 %5 Bandwadih
’ AR
i
L] i
1 A ﬁwﬁ,ﬁl b l""ﬁ"ﬁ"'ﬁfﬁ
5 - '
: / “‘%1
B -3
&
. \
_ 1Sk L\f“"‘
2479 24735 2480 24805 ' 2481
Frequensy in MHE
IBLLub GmbH 867135




as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 108; Mode &, 80% Cocupied Bandwidth, low channel
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Plot 108; Mode &, 80% Cocupied Bandwidth, low channel
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Plot 112; Mode 7, 80% Cocupied Bandwidth, low channel
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Plot 115 Mode 8, 80% Cocupied Bandwidth, low channel
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Plot 116; Mode 8, 59% Cocupied Bandwidth, mid channel
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Plot 118; Mode 8, 80% Cocupied Bandwidth, low channel
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7.6 RF Output Power (Conducted Power)

Applicability
This requirement applies to all types of FHS squipment operating in the 2400 — 2483 .5 MHz band.

Description
The RF Quiput Power is defined as the conducted peak output power

Limit

515.247

(1) For frequency hopping systems operating in the 2400-2483.5 MHz band employing at least 75 non-
overlapping hopping channels, and all frequency hopping systems in the 57255850 MHz band: 1 wait. For all
cther frequency hopping systems in the 2400-2483.5 MHz band: 0,125 watts

RS55-247 54 (b)

For FHSs operating in the band 2400-2483.5 MHz, the maximum peak conducted output power shall not exceed
1.0 W if the hopsef uses 75 or more hopping channels; the maximum peak conducted cutput power shall not
excead 0,125 Wil the hopsel uses less than 735 hopping channels. The e.irp. shal nof exceed 4 W, except as
provided in section 5.40e)

Test procedure
AM S CE3.10, 785
Thig is an RF-conducted test to evaluate maximum peak ouiput power, Use a direct connection bebween the
antenna port of the unlicensed wireless device and the spectrum anak/zer, through sultable attenuation. The
hopping shall be disabled for this test:
a) Use the folowing spectrum analyzer setlings:
1) Span: Approximatedy five imes the 20 dB bandwidth, centered on a hopping channel.
21 RBW = 20 dB bandwidih of the emission being measured
3) VBW == RBW.
4) Sweep: Auto.
5) Detector function: Peak,
6) Trace: Max hold.
b Allow trace lo stabilize.
ch Use the marker-to-peak function to sel the marker to the peak of the emission.
di The indicated level is the peak oulput power, after any corrections for extemal altenuators and cables
&) A plot of the best results and setup descrption shall be included in the Lest repart.

ANSICE310, 118232

Altematively, measurements may be performed using a wideband gated RF power meter provided that the gate
parameters are adjusted such that the power |5 measured only when the EUT iz iransmitting at its maximum
power contral level. Because the measurement is made only during the ON time of the ransmitter, no duby cyele
correction factor is required

Gate iriggering can be implemented in such a way that the sweep of the instrument i only active during the
burst period of the device. Any Gate trggerng shall be performed on the full power pofion of the pulses and
care must be taken to ensure that static porfions of the pulse are not mcluded in the measurement {ensuring that
the trace is averaged over the entire symbol range). AN Gate triggered measurements shall be accompanied by
a (zate sefup plotin the test report

Test setup: 8.4 with conducted test sample (see section §,2)
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Test Results — Peak Power acc. to ANSI CB3-10, 7.8.5
RF Output Power (Conducted Peak Power) Limit
EUT Mode low channel mid channel high channel [dBm]
[dEBm] [dEm] [dBm]
Mode 1 g2 &8 5.2 = 30
Mode 2 6.3 5.6 5.1 =30
Mode 3 .1 58 52 =30
Mode 4 &0 5.9 55 =30
Mode 5 .0 5.6 5.6 =30
Mode & 540 6.0 55 =30
Mode 7 .1 6.2 5.0 =30
Mode 8 .5 .2 5.8 =30
Mode 9 6.7 6.3 5.0 =30
| Comment: | —
Verdict -PASS - —_
| IBLLub GmbH 37135
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7.7 Antenna Gain, Peak EIRP

Applicability
This requirement applies to all types of FHS squipment operating in the 2400 — 2483 .5 MHz band.

Description

The antenna gain is defined as the difference between rediated peak power {Peak EIRF) subiracted by the
conducted peak power of the module. given n dBi.

Lirmit
§15.247

(b4} The conducted cutput power limif specified in paragraph (b} of this section is based on the use of
antennas with directional gains that do not exceed & dBI.

RE5-247, 54 (b
For FHSs operating in the band 2400-2483.5 MHz, the maximum peak conducted output power shall not exceed
1.0 W if the hopset uses 75 or more hopping channels; the maximum peak conducted cutput power shall not

exceed 0,125 Wif the hopset uses less than 73 hopping channels, The e.irp. shal nof exceed 4 W, except as
provided in section 5.40e).

Test Results
low channel mid channel high channel Limnit
Antenna type [dBi] [dBi] [dBi] [dBi]
Flexible Polymer Series Antenna
(FXPEI24.0100B) 1.85 3.00 332 6
Peak EIRP Limit
Antenna type [dBm] [dEBm]
Flexible Polymer Series Antenna 10.0 18
(FXPEI 2401008} '

Mote: - for antenna details see section 5.3

- peak EIRP is calcualated based on MAX(zonducted peak power) and MAX{antenna gain) as worst case

| Comment: | Antenna gain as declared by applicant.
Verdict -PASS - ==
IBLLub GmbH G4 1135
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7.8 Band Edge Compliance (BEC), conducted

Applicability
This requirement applies to all types of FHS squipment operating in the 2400 — 2483 .5 MHz band.

Description

Emissions within & restricted band and within 2 MHz of an authorized band edge may be measured using either
the marker-defta method (ANS| CE3.10, 6.10.6) or the ntegration methed (ANS| C63.20, 11.13.3), provided that
the DTS bandwidth (or EBW) edge falls within 2 MHz of the band edge. Otherwise, all unwanted emissions
measursments shall be performed wsing the standard methods.

Limits

§15,247

(d) In any 100 kHz bandwidth cutside 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 gither an RF conducted or a radiated measurement, provided the ransmilter demonstrates
complance with the peak conducted power limits, If the transmitier complies with the conducted power limits
based on the vse of RMS averaging over & time mterval, as permited under paragraph (b3 of this section, the
attenuation required under this paragraph shall be 30 dB instead of 20 d8_ Attenuation below the general lmits
specified in §15.209(a) is not required. In addtion, mdiated emissions which fall m the restricted bands, as
defined in §15.205(a), must alse comply with the radiated emission Bmits specified in §15. 20%a) {ses
§15.205(c))

Ra5-247, 55

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally modulated
device is operating, the RF power that is produced shall be at least 20 d8 below that in the 100 kHz bandwidth
within the band that contains the highest level of the desired power, based on either an BF conducted or a
radiated measurement, provided that the transmitter demonstrates compliance with the peak conducted power
limits. If the transmitter complies with the conducted power Emits based on the use of reot-mean-square
averaging over a time interval, as permitted under seclion &.4(d}, the attenuation required shall be 30 dB instead
of 20 dB . Attenuation bekow the general field strength limits specified in RS5-Gen s not required.

Test proceduns

AMEICB3A0, 1111

Reference level measurement:

Establish a reference level by using the followding procedurs;

a) Set nstrument center frequency te DTS channel center frequency.
b Set the span to = 1,5 times the DTS bandwidth

chSetthe REBW = 100 kHz

d) Set the VBW = [3 » RBW].

e Detector = peak,

) Sweeptime = auto couple

g1 Trace mode = max hokd.

b Alow frace fo fully stabilize

i1 Use the peak marker function to determine the maximum P3D level,
Maote that the channel found to contain the maximum PSD level can be used to establish the reference level.

Emission level measurement:
Establish an emission level by using the fallowing procedure:

a) Set the center frequency and span to encompass frequency range to be measured,
by Set the REW = 100 kHz.

) Set the VBW & [3 = REW]

di Defector = peak,

IBL-Lab SmiH g5 f135
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el Sweep time = auto couple
f) Trace mode = max hobd.
g Allow frace fo fully stabilize
h) Use the peak marker function te determine the maximum amplitude level.
Ensure that the ampliude of all unwanted emissions cutside of the authorized frequency band (exchuding
restricted frequency bands) s attenuated by at least the minimum requirements as specified (= 20 dBc).
The marker-delta method, as described m ANS| CE3.10, 6.10.6 can be used lo perform measurements of the
radiated unwanted emissions level at the band-edges provided that the 95 % OBW of the fundamental emission
I5 within 2 MHz of the authorized band edge.
Test setup: B.4 with conducted test sample (see section 5.2)
Test results
BEC low chanmnel high channel Lirmit
[dBc] [dBc] [dBc]
Mode 3 =55 =55 z 20
Mode 3 =55 =55 z 20
Mode 9 =55 =55 z 20
| Comment: | —
| Verdict ~PASS - see next plots
| IBLLub GmbH 667135
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Plot 121; Maode 3, BEC, low channel

Result
DUT Freguensy Rresult
{MHz)
[ 2402,000000 | PASS

Inband Peak

Frequency Level
(M) (d8m}
40 175000 B4

Measurements
Frequency Level | Margin | Limit | Resul
[z} [d8m} [ (dB} | (dBmj}
2309 3F50000 =518 0.0 =216 | PASS
2300375000 | 518 302 | .26 |pass
| @MGariean | 53 04 | HE| PASS
| 298933000 | 526 HMo| -HEleASS |
2300 275000 52T 3.1 -3 6 | PASS
2309 BFS000 =530 34 2.6 | PASS
23R SESMOQ =531 31.5 216 | PASS
| 2ILTATLOO0 | 523 ME| HE|PASS |
FIAGATS0O0 | 533 Mz =H.E | PASS
2313 0E5000 535 31.9 2.6 | PASS
2373535000 | 538 2.0 0 -6 1 PASS
| f341473000 | 536 2.0 1.6 | PASS
2 Era0a0 &3 F il H PASS
| 313000 | 337 31 M| Pags |
2341 8250010 53T 321 1.6 | PASS
Band Edge
10T
|:|-r
i
&
T ok i
P |
el .m_ J
2310 230 2340 2360 2380 2400 2470 2440 2460 B35
Frequerdy in MHZ
= Limi Sum Level X Fai
IBL-Lab SmiH arf135
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Plot 122; Mode 3, BEC, high channel
Result
DUT Fraguendy Result
{MHz
| 3480000009 | PASS |
Inband Peak
Fregquency Level
[Pz}
24T ATH000 $3
Measurements
Frequency Level | Margin | Limit | Resul
(M-} [d8m} [ (dB} | (dBmj}
2483 BEFS000 =510 3.3 20T | PASS
| 24Baraong | 594 ) 306 | 0P L PARS
| R4BAFh000 | 514 207 | <07 | PASS |
| P4EE13S000 | 516 e | -J07 | PASS
2483 BFS000 517 3.0 20T | PASS
2499.0F50000 517 3.0 20T | PASS
2491 3F5000 =518 31,0 2T L PASE
2486 4 TS000 518 Ho ML ¥ | BASS
| #4B4STS0AO0 | 518 NoL GF ) PASS
2484 SFL000 =518 3.1 20T | PASS
ST T P L
| #48d 173000 | 519 .8 | -d0F | PASS
| @4m4erigan | 599 .2 3T | PASS
| AdE4 235000 | 514 M2 207 | PASS
2484 0750010 =520 3.2 20T | PASS
Band Edge
10T
|:||r
&
= A
§ .
— A j
| {1
T T By T e e b
2400 240 2440 2480 2500
Freguancy in MHE
== Limi Sum Level ¥ Fai
IBL-Lab SmiH gRf135
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Plot 123 Maode &, BEC, low channel

Result

DUT Freguensy Rresult
{MHz)

[ 2402,000000 | PASS

Inband Peak

Frequency Level
(M) (d8m}
403 oFsoan £

Measurements
Freguency Level | Margin | Limit
(M} (d8m) | (dB} | (dBm)
230025000 | 500 7254 | -73.0 | PASS
2300835000 | -5l f 384 | -330 1 PASS
| @I ATA0O0 | A0 262 | 236 | PASS |
| #I9G8TS000 | -S07 267 ) 25| Pass |
23000575000 | 508 250 -230 | PASS
2300735000 | 510 70| -738 | PASS
2R Trsee | 512 272z | -39 | Pass
| RMGEIN0a0 | 513 WAl o eags |
A a dBd 214 | PASS
2300235000 | 524 728.5| -73.0 | PASS
| 2330275000 | 535 286 -330 ) PASS
BT ABE | -dru | P
| 2389075000 | 538 FEER I
2IT0ATS000 414 480 =238 | PASS
2363035000 [ 530 200 | -3

dand Edae

101

2310 2340 2340 2360 2380 2400 2421 2441 248 24E35
Freguancy in MHZ

== Limi Sum Lawal X Fai
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Plot 124; Mode &, BEC, high channel
Result
DUT Freguesndy Result
{MHz)
| 3480000004 | PASE |
Inband Peak
Freguedy Level
[Pz} [dEm} |
2480 035000 74
Measurements
Frguency Level | Margin | Limit | Besul
(FHz} (d8m} | (dB} | {dBmj
2485975000 510 8.4 27 6 | PASS
et f RS L -2 | PASS
ZABITTEOOD | 511 2a| 26| PASS |
513 86| .226|Pass
2483 9F5000 <512 8.8 37 6 | PASS
2483 AFS000 512 8.7 27 6 | PASS
2490 3F5 000 51 4 288 | -3Z6 | PAES
| 24BIETH0O0 | S1.4 Jee | 3E| PASS
| 2483 BII000 | 514 288 | 326 | PASS
2485 7F5000 515 8.9 =22 6 | PASS
| 24A0 375000 | 515 280 ) .36 ] PASS
| 2490173000 | 518 #8.0 | 326 | PASS
| R4RS IFN000 | 5. PRl Y ¥ PASSE |
il &1.6 a1 236 | PASS
2497 2Z5000 51T 4.1 22 6 | PASS
dand Edage
101 }
04 i
E ‘
= A
E: 1
| -.ﬂ.l]-- | 1

Sum Lawal

2480
Fragusnsy in MHZ

® Fai
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Plot 125 Mode 9, BEC, low channel

Result
DUT Freguensy Rresult
{MHz)
[ 2402,000000 | PASS

Inband Peak

Frequency Level
(M) (d8m}
403 oFsoan ]

Measurements
Freguency Level | Margin | Limit
(MHz} (d8m} | (dB} | {dBmj
2390775000 | 512 74 | -738 | Pass
2309725000 | 512 74| 735 | PASS
| 2709875000 | 513 iFE| «3rE|PASS |
| 298933000 | 513 2¥r| releass |
23900835000 | 520 8.3 | -23.8 | PASS
23990835000 | 528 %8.5 | -73.8 | PASS
2395235000 | s27 288 | -23.8 | PASS
| @MGETL000 | S3E e | Jae|PAss |
2398175000 | A28 a0 -3ae|eass
2300275000 | 524 0.0 | -238 | PASS

2333173000 | -52.3 2314 33 L PASS

L 2MOPTI00 L 321 didl -0 | PRASY
2386335000 | 533 94 | 338 | PASE
433 ¥ 338 ) PASH
2340725000 | 535 29.7 | -23.8 | PASS

Lesselin obm
1
—_—

2310 2330 2340 2360 2380 2400 2440 24410 2480 24835
Fraquerncs in MHE

== Limi Surn Level X Fai

IBL-Lab SmiH T35
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Plot 126: Mode 8, BEC, high channel

Result
DUT Freguensy Rresult
{MHz)
[ 24P0,000000 | PASS

Inband Peak

Frequency Level
(MHz) (d8m}
24THaTR000 iy

Measurements
Freguency Level | Margin | Limit | Resul
(FHz} (d8m} | (dB} | {dBmj
2487 125000 | 508 785 | .223 | PASS

248487000 508 L 286 . 323 [ PASS
2487 ATS000 | <509 e | 333 | PASS
2483 175000 | 5049 7| 323 |PASS |
2485125000 | 510 87| .223 | PASS
2483975000 | 510 7| .223 | PASS
24B567S000 | 512 289 | -223 | PASS

| R4BSEII000 | 593 0e | 333 | PARS

| 2484373000 | 513 80| 323 | PASS
2487025000 | 513 0| .223 | PASS

il - ASY
| 2482873000 [ 543 292 -3323]Pa88 |
| 2dE48F3000 | St 83| 333 )|PASS |
518 29.3 | -223 | PASS

Band Edge
10T
i
|:|-- il
E ‘
= A
i | i
A f 1
2400 24240 2440 2450 2480 2500
Freguancy in MHE
== Limi Sum Level X Fai
IBLLub GmbH 721135
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7.9 Band Edge Compliance (BEC), radiated

Applicability
This requirement applies to all types of FHS squipment operating in the 2400 — 2483 .5 MHz band.

Description

Emissions within & restricted band and within Z MHz of an authorized band edge may be measured using either
the marker-defla methed (ANSI C63.10, 6.10.6) or the integration method (&N 31 C83.20, 11.13.3), provided that
the DTS bandwidth (or EBW) edge falls within 2 MHz of the band edge. Otherwise, all unwanted emissions
measursments shall be performed wsing the standard methods.

Limits

515,247, R55-247, 55

(d) In any 100 kHz bandwidth cutside 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 contain s the highest level of the desired
power, based on gither an RF conducted or a radiated measurement, provided the transmifter demonsirates
complance with the peak conducted power limits, If the transmitier complies with the conducted power Bmits
based on the vse of RMS averaging over a time mterval, as permited under paragraph (b3 of this section, the
attenuation required under this paragraph shall be 30 dB instead of 20 d8_ Attenuation below the general limits
specified in §15.209(a) is not required. In addtion, mdiated emissions which fall m the restricted bands, as
defined in §15.205(a), must also comply with the radiated emission Bnits specified in $15. 20%a) (ses

515, 205(c))

Test procedure
The marker-delta method as described in ANSI CE3.10, 6.10.6 or the integration methode as described in AN S|
CE310, 11,133 can be used to perform measurements of the unwanted emissions level at the band edges,

Test setup: 8.2 with rmdiated sample (see 5.2)

Test results
low channel high channel Lirmit
BEC AVG / Peak AVG/ Peak AVG/Peak
[dp¥im & 3m] [dpWim & 3m] [dp¥im @& 3m]
Mode 3 =40 AVG [ =55 PK =40 AVG [ =55 PK =54 AVGE = T4 PK
Mode 9 =40 AVG [ =55 PK =40 AVG [ =55 PK =54 AVGE = T4 PK
| Comment: | — |
Verdict -PASE - see nexi plois®

* descriphion of races for radiated Bend Edge Compliance {BEC) measurements:

Fog-Peak (Max Hold) race
Average (Max Hold) frace

IBL-Lab SmiH THI135
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Plot 127 Maode 3, BEC, low channel

100
g0

ao

| AL L 15 A0 Peak

o

......... " ___:_._*_-_'..5._-_..;- 8

Lewvel in dBpim

L%
e

380 235 230 235 2400 2405

| Frequensy in MHz

Pressisa Reaut 2- AVG Preseise Feault 1-PH+ L 3 Cuical_Freags AVG
+ Critical_Freqgs PR+ s 152308 (15:206) Peak s = 15208 [ 165:206) AVG
L Final_Fesuf P+ L Finisl_Pesull AVG

Final Result

Fraquenoy MaxPeak | Average Limit Margin | Meas, Teme | Bandwidih | Height | Pol
[FiHz) (dBuWimj | (dBpWim} | (dBuiim) | [dE8} [ms] {kHz} [zm)

2383 A500000 = 35.06 540 1694 1 003013 00000 1500 | H

== 35,04 3400 18,26 10000, 000, D0 1500 LW
23RZ BEFSM00 SZ.3a - 7. 00 2181 1 0000, 3 00 000 1500 | H
2IBE 0TSO0 a3 38 e #4040 FalF; 100040, 00 A0 oo | 800 | WY
FIEE 030000 2303 ane 7 040 147 Ae000. 0 oo | 1300 1 H
2FR9S5F5000 = 3510 540 1690 1 (00010 00000 1500 | W

1B -Lab Smist T4 71135
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Plot 128; Mode 3, BEC, high channel
100
90
an
R ] ELZ‘_'I —'u.i
T
% 60
#__,‘,____ Y S ENPSEPY PP 201580 ALE.
=
B2 50
E "
40 + -
aon
20
10
E L L) : : L) : L] : L] L) :
2475 2480 2485 2480 2485 2500
Frequensy in MHz
Pressisa Reaut 2- AVG Preseise Feault 1-PH+ L 3 Cuical_Freags AVG
+* Cribizal_Fregs PR+ — 15208 (15:205) Peak E = 152348 (15.206) AVG
> Final_Fesuit PK+ L ] Final_Result AVG
Final Result
Fraquenoy MaxPeak | Average Limit Margin | Meas, Teme | Bandwidih | Height | Pol
iMHz} (dBphim) | (dBpVim) | (dBaVim) | (d8) [ms} {kHz} fem)
2483 5500000 = 37.30 540 1670 1 003013 00000 15000 | W
373 = 74,00 2027 10000, 000, D0 1500 LW
2484 8FS00Q S3.ET - 7. 00 2013 1 0000, 3 00 000 1500 1V
| 24R3 e300 s 36,58 84,04 1742 100040, 00 A0 oo | 800 | WY
| #dEE 830000 5413 me 74 00 1587 100040, 00 00000 | 1300 | W
24494 850000 = 38.71 540 1720 1 (00010 00000 1500 | W
| IBL-Lab SmiH T35



as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 129 Maode 9, BEC, low channel

100

| AL L 15 A0 Peak

_________________ *_ ._."-F-_'..:.___.._-_i

Lewvel in dBpim

.
L

380 235 230 235 2400 2405

| Frequensy in MHz

Pressisa Reaut 2- AVG Preseise Feault 1-PH+ L 3 Cuical_Freags AVG
+ Critical_Freqgs PR+ s 152308 (15:206) Peak s = 15208 [ 165:206) AVG
L Final_Fesuf P+ L Finisl_Pesull AVG

Final Result

Fregquiny MaxPeak | Bverage Limit Margin | Meas, Teme | Bandwidth | Height | Pol
[FiHz) (dBuWimj | (dBpWim} | (dBuiim) | [dE8} [ms] {kHz} [zm)

2FR0U00E00 = 34.80 5400 1811 1 (D0, 0 RN 1500 | W
== 3281 4,00 18,08 10:000.0 AC00000 | 150.0 LV
2384 250000 S2. 18 e 7. 00 2184 1 G, O A 000, GO0 1500 [ W
| 2FRE 230000 51,98 - 4.0 2303 10000, 0000 | 1800 | W
| 2FRG 3S000 aan 24,98 24 00 1802 10000, 1 a0 000 | 1300 | H
23BO.TTS 00 5238 o 7400 2174 1 00010 000D 1500 | W

1B Lk SmizH 761135
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Plot 130; Mode 8, BEC, high channel
100
90
an
19206 (15,2015 Paak |
T
% 60
= ____._.___ * ......... +__________ L LR
B2 50
©
& . *
2o : SE
aon
20
10
0 : 4 : . 4 $ 4 4 . 1
2475 2480 2485 2480 2485 2500
Frequensy in MHz
Pressisa Reaut 2- AVG Preseise Feault 1-PH+ L 3 Cuical_Freags AVG
+* Cribizal_Fregs PR+ — 15208 (15:205) Peak E = 152348 (15.206) AVG
> Final_Fesuit PK+ L ] Final_Result AVG
Final Result
Fraquenoy MaxPeak | Average Limit Margin | Meas, Teme | Bandwidih | Height | Pol
iMHz} (dBphim) | (dBpVim) | (dBaVim) | (d8) [ms} {kHz} fem)
2483 500000 = 33.48 540 1552 1 003013 00000 15000 | W
33T = 74,00 20083 10000, 000, D0 1500 LW
2486 875000 5343 - 7. 00 2057 1 0000, 3 00 000 1500 1V
| R4EGETS000 XN e 74,04 2038 100040, 00 A0 oo | 800 | WY
| 2483 800000 = 35 67 &4 00 17.33 Ae000. 0 [
24495 800000 = 38.70 540 1730 1 (00010 00000 1500 | W
| IBL-Lab SmiH T35
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7.10 Conducted Spurious Emissions (CSE)

Applicability
This requirement applies to all types of FHS equipment operating in the 2400 — 2483 .5 MHz band.

Description

Spurious emission Fumwanted emissions are emission on & Fequency or frequencies which are cuiside the
authorzed band and the level of which may be reduced without affectng the corresponding transmission of
information. Spurious emissions mclude harmaonic emissions, parasitic emissions, intermodulation products and
frequency conversion products.

Limits

§15,247

(d) In any 100 kHz bandwidth cutside the frequency band in which the spread spectrum or digitally medulated
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 gither an RF conducted or a radiated measurement, provided the ransmilter demonstrates
complance with the peak conducted power limits, If the transmitier complies with the conducted power Bmits
based on the vse of RMS averaging over & time inferval, as permifted under paragraph (b)(3) of this section, the
attenuation required under this paragraph shall be 30 dB instead of 20 d8_ Attenuation below the general limits
specified in $15.209(3) is not required. In addtion, mdiated emissions which fall in the restricted bands, as
defined in §15.205(a), must alse comply with the radiated emission Bmits specified in §15. 20%a) {ses
§15.205(c))

Ra5-247, 55

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally modulated
device is operating, the RF power that is produced shall be at least 20 d8 below that in the 100 kHz bandwidih
within the band that contains the highest level of the desired power, based on either an RF conducted or a
radiated measurement, provided that the transmitter demaonstrates compliance with the peak conducted power
limits. If the transmitter complies with the conducted power Emits based on the use of rock-mean-square
averaging over a time interval, as permitted under seclion &.4(d}, the attenuation required shall be 30 dB instead
of 20 dB . Attenuation bekow the general field strength limits specified in RS5-Gen s not required.

Test proceduns

AMEICB3A0, 1111

Reference level measurement:

Establish a reference level by using the following procedurs;

a) Set nstrument center frequency te DTS channel center frequency.
b Set the span to = 1,5 times the DTS bandwidth

chSetthe REBW = 100 kHz

d) Set the VBW = [3 » RBW].

e Detector = peak,

) Sweeptime = auto couple,

g1 Trace mode = max hold.

b Alow frace fo fully stabilize

i1 Use the peak marker function to determine the maximum P3D level,
Maote that the channel found to contain the maximum PSD level can be used to establish the reference level.

Emission level measurement:
Establish an emission level by using the fallowing procedure:

a) Set the center frequency and span to encompass frequency range to be measured,
by Set the REW = 100 kHz.

) Set the VBW & [3 = REW]

di Defector = peak,

IBL-Lab SmiH TRI135
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el Sweep time = auto couple

f) Trace mode = max hobd.

g Allow frace fo fully stabilize

h) Use the peak marker function te determine the maximum amplitude level.

Ensure that the ampliude of all unwanted emissions cutside of the authorized frequency band (exchuding
restricted frequency bands) s attenuated by at least the minimum requirements as specified (= 20 dBc).

The marker-delta method, as described m ANS| CE3.10, 6.10.6 can be used lo perform measurements of the
radiated unwanted emissions level at the band-edges provided that the 95 % OBW of the fundamental emission
I5 within 2 MHz of the authorized band edge.

Test setup: B.4 with conducted sample (see 5.3)

Test resulls
EUT Mode / Freguency Peak/RMS Level Lirrit Verdict
Channel [MHz] Detector [dBm] [dBm]
hode 3 (see plots) MaxPeak (see plots)” {see plots) = passed -
hode & (see plots) MaxPeak (see plots)” {see plots) = passed -
hode 8 (see plots) MaxPeak (see plots)” {see plots) = passed -
* all detected peaks are more thean § dB below the Bmig
| Comment: | -
Verdict -PASS - see next plofs
IBL b SraaisH Ta/135
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Plot 131; Maode 3, CEE, low channel

Spuriis

Level in dBim
g

e s =

3 S0BD B DO 200 3-|'-l'-'t1l'-'f!i'Il B-l'-l'-"lﬂ 20 3G 4GSGE  B0G 2GEG
Fraguansy in Hz

Limi ——=— Thmeshaold = Criical ® Final Criical

Plot 122 Mode 3, CSE, mid channel

Spuriius

107

D..

iy

Lesse:lin dBm

-0t
st W

e r’-—"""l"'“'m"h‘
30k S0E0 B0 DOk 200 300400 BDING 2G5 3G AG556 510G 200260
Fraguancy in Hz

——-— Thmrshold = Coritical X Final Crifical

Lma

Plot 133 Mode 3, CSE, high channel

]

-4

Spunous

Lewelin dBm

ns -!?_EW_JM

30k 5060 SJ00M 2‘3!] mmm &3!]1-!3 2G5 EG#GEGE -H1DG EEI'IB:'G

Frequensy in HE

———-— Thmshold x Critical X Final Crifizal

== Llmit ——— SumLlevwsl
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Plot 134; Mode 6, CEE, low channel
Spuriis

Ll in dBim

o B
“=|=|—|-|=a=|=~— #—W

3 SOBD B DO 200 300ANE00 BONG 20 3G 4GSGE  B0G 2GEG
Fraguansy in Hz
Limi — Sumlewel —— Theshold = Criical X Final Critcal

Plot 135; Mode 8, CEE, mid channel

Spuriius

Lesse:lin B

30k S0E0 B0 DOk 200 3N04NE00  BDI G 2G5 3G 4G55E & 10G 200260
Fraguancy in Hz

— SymlLewel - Th reshold x Crrical ® Fireal Crivcal

Plot 136; Mode &, CSE, high channel
Spunous

Lewelin dBm

e R I B I
3061 5060 SO00M 200 3004MEX)  BONG 25 3G AGSGE 810G 203265
Frequensy in HE

_______ Thessheld ® Crtical F Final Crifical
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Plot 137 Mode 9, CEE, low channel

Spuriis

Ll in dBim

i
o \W
| SESSNET RN Y YN A

3 S0BD B DO 200 300ANE00 BONG 20 3G 4GSGE  B0G 2GEG
Fraguansy in Hz

Zym Level ——=— Thmeshaold = Criical ® Final Criical

Lma

Plot 138; Mode 8, CEE, mid channel
]

j
-d W

30k S0E0 B0 DOk 200 300400 BDING 2G5 3G AG556 510G 200260
Fraguancy in Hz

Spuriius

Lesse:lin dBm

Limi Zuym Lewel —=—=— Thmeshod k4 Crrical ® Final Criical

Flot 129 Mode 8, C5E, high channel

]

Spunous

Lewelin dBm
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7.11 Radiated Spurious Emissions (RSE)

Applicability
This requirement applies to all types of DTS and FHS equipment.

Description

Spurious emission Fumwanted emissions are emission on & Fequency or frequencies which are cuiside the
authorzed band and the level of which may be reduced without affectng the corresponding transmission of
information. Spurious emissions mclude harmaonic emissions, parasitic emissions, intermodulation products and
frequency conversion products. Measurements shall be made to detect spuricus emissions that may be radiated

directly from the cabinef, control circuits, power leads, or intermediate circuit elements under nomal cenditions
of instalation and operation.

Limits

§15.247, 515,200

R55-247, 5.5, R55-Gen, 8.9

In any 100 kHz bandwidth cutside 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 ofthe desired
power, based on gither an RF conducted or a radiated measurement, Attenuation below the general limits
specified in Section 15.205%a) is not reguired, In addition, radisted emissions which fall in the restricted bands,
as defned in §15.205(a), must also comphy with the radiated emission limits specified m 515.208(a) (see
§15,205(c1)

Fregquency Field Strength Measurement distance
[MHz] [pVim] / [dBpV/im] [m]
0.008 — 0.450 Za00/F[kHz] 300
0,490 = 1,705 24000/F[kHz] 30
1,705 - 30.0 30,0725 30
30 - 88 100 F40.0 3
88 - 215 150 7435 3
216 — G50 200 f 48,0 3
860 — 40 000 SO0 F54.0 3

Mote: Radiated Spurious Emissions (RSE) are performed for mede 2 low /mid / high channel.

Test setup: 8.1, 8.2, 8.3 with radiated sample (see 5.2
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as LENHARDT

TR No.: 24080432-41496-0 2025-02147 WORLDWIDE | TESTING | CERTIFICATION
Test resulls
“channel | Wiz Detector [dBLfI:f'ﬁ:H@LD] [dBwLmiEELD] Verdict
h:ﬁﬁ;sn;al see plots MaxPeak see plots see plots - passed -
m:ﬁzﬁ: ol see plots MaxPeak see plots see plots - passed -
hi ;I":ITIE _j rl: o see plots MaxPeak see plots see plots - passed -
h:&cﬂ!;fn:el see plots MaxPeak see plots see plots - passed -
m:ﬂﬁ;g : ol oo plots MaxPeak soe plots soe plots - passed -
hi :_qu; aﬁ ; gl see plots MaxPeak see plots see plots - passed -
Mote:
LD = Limit Distance of 300m 7 30m £ 3m depending on frequency range, see imi table
| Comment: | -
Verdict - PASS - see nexi plofs™
= description of line and marker for all radiated spurous emission (RSE) measurements:
Pos-Peak (Max Hold) trace during pre-scan
* Max Peak value
* final Cuasi Peak / AVG value
BLLub Gminid B4 /135



as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 140; Mode 3, RSE O kHz = 30 MHz, low channel, loop antenns

FLLC15.2089 Magnekc Feld

BN e 8§ 2 B

Fy
10 &

=10

Level in dBpvim
o

@ @ & W m

| Gk 20 30 50 100k 200 300 S0 1M SM 3M 5M 10M 20 30M

Frequency in Hz

Presien Fles ot 1-Fr+ - Corifical_Freags P+
m— FOC5.209_Magnec_Field L Finsl_Fesulf QP

Final Result

Freguency GuasiPeak Limst Barain | AMeas Time | Bandwidth | Pol | Azimath | Ceer,
{MHz} (dBpVim} | (dSpim) | (d8) ) {kHz} (degh | [d&fm}
13.085250 10.23 2054 | 1331 100.0 2,000 | v 2080 | 12

Miote:

The limits in CFR 47, Part 15, Subpart C, paragraph 15.208(a), are identical bo those in RE5-GEN Section B.9,
Table §, since the measurements are performed in terms of magnetic field strength and converted to electric field
strength levels (as reported in the table) using the fee space mpedance of 3770, For example, the measurement
frequency X kHz resulied in @ level of ¥ dBpWim, which is eguivalent to Y - 51.5 = Z dBpdm, which has the same
margin, W dBE | to the corresponding RS5-GEMN Table 6 Emit as it has to the 15.200a) lmmit.

(Cerification & Engineering Bureau, Q&A on Cerificalion Procedures and Requirements, TCE Workshop April
2020, Nicolas DesMarais, 2020-04-09 - |1SED O&4 - DesMarals pdf)
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as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 141; Mode 3, RSE O kHz = 30 MHz, mid channel, loop antenna

FOCTE 209 Maognei: Fedld

2

BN e 8§ 2 B

10

=10

Level in dBpvim
o

@ @ & W om

| Gk 20 30 50 100k 200 300 S0 1M SM 3M 5M 10M 20 30M

Frequency in Hz

Presien Fles ot 1-Fr+ - Corifical_Freags P+
m— FOC5.209_Magnec_Field L Finsl_Fesulf QP

Final Result

Freguency GuasiPeak Limst Barain | AMeas Time | Bandwidth | Pol | Azimath | Coer,
{MHz} (dBpvim} | (dSphim) | (dS) sl {kHz) (dea) {dB)
13.080750 17.68 2054 | 1158 100.0 2,000 | v 2400 | 42

Miote:

The limits in CFR 47, Part 15, Subpart C, paragraph 15.208(a), are identical bo those in RE5-GEN Section B.9,
Table §, since the measurements are performed in terms of magnetic field strength and converted to electric field
strength levels (as reported in the table) using the fee space mpedance of 3770, For example, the measurement
frequency X kHz resulied in @ level of ¥ dBpWim, which is eguivalent to Y - 51.5 = Z dBpdm, which has the same
margin, W dBE | to the corresponding RS5-GEMN Table 6 Emit as it has to the 15.200a) lmmit.

(Cerification & Engineering Bureau, Q&A on Cerificalion Procedures and Requirements, TCE Workshop April
2020, Nicolas DesMarais, 2020-04-09 - |1SED O&4 - DesMarals pdf)
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as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 142 Mode 3, RSE 9 kHz - 30 MHz, high channel, loop antenna

FLLC15.2089 Magnekc Feld

x

Level in dBpvim

200 300 500 M

20 30 50 100k 2M 3M  5M 10M

20 3084

Frequency in Hz

Crifcal_Freags PR+

— FRC15.208 Magneic_Field Final_Result QPK

Final Result

GuasiPeak Limst Barain | AMeas Time | Bandwidth | Pol | Azimath | Ceer,
{MHz} (dBpvim} | (dSphim) | (dS) sl {kHz) de {dEim}
13.083000 13,69 2851 | 985 100.0 2000 [ v 2260 | 12

Miote:

The limits in CFR 47, Part 15, Subpart C, paragraph 15.208(a), are identical bo those in RE5-GEN Section B.9,
Table §, since the measurements are performed in terms of magnetic field strength and converted to electric field
strength levels (as reported in the table) using the fee space mpedance of 3770, For example, the measurement
frequency X kHz resulied in @ level of ¥ dBpWim, which is eguivalent to Y - 51.5 = Z dBpdm, which has the same
margin, W dBE | to the corresponding RS5-GEMN Table 6 Emit as it has to the 15.200a) lmmit.

(Cerification & Engineering Bureau, Q&A on Cerificalion Procedures and Requirements, TCE Workshop April
2020, Nicolas DesMarais, 2020-04-09 - |1SED O&4 - DesMarals pdf)
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as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 143; Mode 3, RSE 30 MHz = 1 GHz, low channel, horizontal f verical polarisation

B0
704+
Bl
+ HERAT TG
im..
B 1]
B | * e b
s 40 L 4
E L
Wt
. + * *
201 # *
X L
104
0 ¥ g —t—i y 1 1 t t —t+— i
3084 50 60 B0 1008 200 30 400 SO0 BOD 13
Frequency in Hz
Presviceey Fessult 1-Fr+ 15208 d@a3m OF * FE+ o Final_Resut OFK

Final Result

Freguency GuasiPeak Limst Barain | AMeas Time | Bandwidth | Height | Pol | Szimuth
{MHz} (dBpvim} | (dSphim) | (dS) sl {kHz) {emi {deg} |
| 2H2. 118000 1504 4500 |50 08 10000 1200000 | 500 | H 2H.0
047 | aBon [ 383 1000 ] 430000 | 1000 [ H 9.0

A4 0 ad 41 81 4500 4,38 1000 1 0 Qi 1160 | ¥ 8.0

55004 FOa0 4166 4500 434 1000 120000 | 4000 | W .0

B33 324000 349.18 4600 8.54 1000 1200000 1000 | H 113.0

Sl 0 1500 4243 4600 357 1000 1200000 1000 | H 120.0

1B -Lib Smih BH {35



as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 144; Mode 3, RSE 30 MHz = 1 GHz, mid channel, horzontal [ verdical polarisation

a1
T+
Bl
L 15 23 IR
i
E
% [ | : * 9
B 40
E L
a0+ +
i -+ *
+*
i
104
] t t —t+— t 1 1 t t —t—
3084 50 &0 B0 100M 200 300 400 SO0 gog 1
Frequency in Hz
Pres i Resolt 1-Pr + 15208 adm P * FE+ L ] Final_Result QFK
Final Result
Freguency GuasiPeak Limst Barain | AMeas Time | Bandwidth | Height | Pol | Szimuth
{MHz} (dBpvim} | (dSpVim) | (dS) sl {kHz) {emi {deg} |
155548000 30.13 4350 | 13 1000 ) 120000 | 2530 [ W 89,0 |
450010000 A3ad | agoo [ 3.5 1000 430000 | 1180 [V 7
L5004 Fodn 43 04 4500 381 Q.o 1 0 Qi 1000 | ¥ &80
8 4500 518 1000 12000040 | 40040 | H 112.0
BEEGTIS00 37.55 4600 B.A45 1000 1200000 1000 | H 116.0
Sl 0 1500 4375 4600 3.25 1000 1200000 1000 | H 118.0
1B -Lab St



as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 145; Mode 3, REE 30 MHz = 1 GHz, high channel, horizontal fveriical polarisation

B0
704+
Bl
+ HERAT TG
im..
B 1]
+
e % : * 2 Ll
L il
Wt
e
* * *
20
10
200 300 400 500 BOD 13
Frequency in Hz
Presviceey Fessult 1-Fr+ 15208 d@a3m OF * FE+ o Final_Resut OFK

Final Result

Freguency GuasiPeak Limst Barain | AMeas Time | Bandwidth | Height | Pol | Szimuth

{MHz} (dBpvim} | (dSphim) | (dS) sl {kHz) {emi {deg} |
M— 41,04 4500 4.68 10000 1200000 | 160 LW 5.0

550017000 408 | ago0 [ 3 1000 ] 430000 | 1000 [V 3.0

FEE BH2000 HH 4500 10,14 1000 1 0 Qi 1000 | H 1,0

a3 400 5,71 1000 120000 | 4000 | H 10F.0

BEEGTIS00 37.m 4600 B.94 1000 1200000 1000 | H 111.0

Sl 0 1500 43.38 4600 3.62 1000 1200000 1000 | H 118.0
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as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 146; Mode 3, REE 1 GHz = 18 GHz, low channel, horizontal § vertical polarisation

BO
:[ - B S - ; b L AR08 L15.206) Peak -

Level in dByhiim
&>

1G 2G aG 4G G B B 105G 18G5
Frequency in Hz
Pressizse Reaut 2-FNS Pressiew Result 1-PH+ L Critcal_Freqs RMS

* Crifical_Freaqs PR+ 15208 {15205) Peak =~ =-=-omome 15.208 {15.205) AVG
& Final_Pesult P+ O Final_Fesut AMS

Final Result

Freguency Bl Peak RM% Limi Blargin | Aeas. Time | Bandwidth | Height | Pol
{MHz) (dSuNim} | (dBuvim) | (dSpvim) | (dB) {ms) (kHz} {em}
233, 20 0O = 18,43 JA5T LIV DO0000 | 1500 LV
1233, 430000 #31 e f4.00 | B ER 1000.C 1000000 | 4300 | Y
1513 150004 i Fd, G0 35 68 0. 1000000 | 4500 | H
1500 150000 54,00 el [ ] 1000000 | 4800 | H
4003, 250000 5523 T4.00 18.78 1:00U0 1 00, D00 15000 | W
383 10000 | 1000000 | 1500 [
15438 S5 0000 S1ET = 7400 2233 10000 1000000 | 1500 | H
| 161234, 600004 - 41,34 #4000 | 1368 10004 000,000 | 1500 | H
| TP 300400 s 4380 ) 2 3400 1 1030 00000 | 1000000 | 1300 | W
ATBZ5. 850000 5528 = T4.00 1872 10:00u0 1 0D, D00 15000 | H
1B -Lab Smist a1 /135
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as LENHARDT
]
TE No.: 24080432-41496-0 20250217 WORLDWIDE |TE'5'|'||"uIG | CERTIFICATION
Plot 147 Mode 3, REE 1 GHz = 18 GHz, mid channel, horizontal [ vertical polarisation
100
90
an
[ — S — - b e L1 ) Pleak o
T
g 60
e SRR S U IR T = b 4o BR208, S AN G
=
B2 50 ..
@
i a0~ ¢ * L
& L
S 3
EIIJ-I
20
10
4 $ 4 $ $ $ $ ey |
103 G 3G 40 BG B H 106 1BG
Frequency in Hz
Pressisa Reaut 2- AVG Preseise Feault 1-PH+ * Cuical_Freags AVG
* i al_Fresags PR+ — 15208 (15.205) Peak E = 15208 (15.206) AVE
> Final_Pesuit PK+ > Final_Result AVG
Final Result
Freguency BaxPeak | Bverage Limi Blargin | Aeas. Time | Bandwidth | Height | Pol
[MHz) (dEphim) | (dBphim) | (dBpWim) | (dB [ms) [kHz§ {cmj}
165 B0 3426 = T400 0 274 LIV DO0000 | 1500 LV
1206500000 | 3443 e | 7aO0| 3ase 10000 | 000,000 | 1500 [V
1483 150004 R o Fd, G0 IFes 0. 1000000 | 1500 | ¥
2734 500004 Arap == fd. 00 3058 10009 A00000 | 4800 | H
068, &S00 00 e 41.48 S54.00 1252 1:00U0 1 00, D00 15000 | W
— ] = T 24001 1668 10000 1000000 L4500 LV
158, 000 = JEET 4,00 1513 10000 1000000 | 1500 LW
| 18E6@ 200000 51.68 msm 4,00 FiriEr] 10009 100,000 | 18000 | H
| ATTER &S 0000 = A3 1 2400 | 11,61 00000 | 1000000 | 1300 | W
AT AT, 50000 5551 = T4.00 18449 10:00u0 1 0D, D00 15000 | H
| IBL-Lab SmiH G2 5135




zs LENHARDT
]
TE Mo.: 24080432-41496-0 2025-021F WORLDWIDE | TESTING | CERTIFICATION
Plot 148; Mode 3, REE 1 GHz = 18 GHz, high channel, horizontal / vertical polanisation
100
80
a0
S — N b 15208 (15206) Peak |
7o
g 60
. — . S F— - 208, .._
= L
s W L *
o i ¢
& a-lp +
4
30
20
10
ik . 4 $ $ $ i i
1G 2G 3G 43 585G & H 106G 168G
Frequency in Hz
Pressisa Reaut 2- AVG Preseise Feault 1-PH+ * Cuical_Freags AVG
* Corifical_Fregs PR+ — 15208 (15.205) Peak e = 15208 [15.206) AVG
L 4 Final_Result PK+ » Final_Fesult AVG
Final_Result
Freguency BliPeak | Averape Limst Bargin | Meas Time | Bandwsidth | Helght | Pol
[MHz) (dEphim) | (dBphim) | (dBpWim) | (dB [ms) [kHz§ {cmj}
10635 G000 = kS 1468 LA Lo0.000 L1500 LH
1179,300000 | 3417 e | 7aO0 | Japw 10000 | 000,000 | 1500 [H
1645, &5 (00 ] = Fd. 00 36 BT 1 0. 000,000 | 4500 | ¥
= 3 M 54.00 1870 10004 1000000 | 4500 | W
49098, 550000 2596 e T4.00 Z5.04 100000 1 (oD, 10 O 15000 | W
1070200000 4717 - 7400 ] 2553 10000 | 1000000 | 1500 [
15845 B30 187 = 74,00 2203 10000 1000000 L1500 L H
| 16100, 830004 ] 3 44 24,00 1406 10009 1000000 | 1500 | ¥
| 17735 9004040 == A3 33 2400 183 10000 | 1000000 | 45001 H
17815, B0 000 S 80 e Td.00 19,30 10000 1 (D). 10 Oy 15000 | W
| IBL-Lab ek 837135




as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 149 Mode 3, REE 18 GHz = 265 GHz, low channel, horizontal § vertical polarisation
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Plot 150; Mode 3, RSE 18 GHz = 265 GHz, mid channel, horizontal § vertical polarisation
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as LENHARDT

TR Mo.: 24080432-41496-0 2025-0217 WORLDWIDE | TESTING | CERTIFICATION

Plot 151; Mode 3, RSE 18 GHz = 26,5 GHz, high channel, horizontal / vertical polarsation
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as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 152 Mode 3, RSE 9 kHz = 30 MHz, low channel, loop antenna

FOCTE 209 Maognei: Fedld

BN e 8§ 2 B

Fy
10 &

=10

Level in dBpvim
o

@ @ & W m

| Gk 20 30 50 100k 200 300 S0 1M SM 3M 5M 10M 20 30M

Frequency in Hz

Presien Fles ot 1-Fr+ - Corifical_Freags P+
m— FOC5.209_Magnec_Field L Finsl_Fesulf QP

Final Result

Freguency GuasiPeak Limst Barain | AMeas Time | Bandwidth | Pol | Azimath | Ceer,
{MHz} (dBpVim} | (dSpim) | (d8) ) {kHz} (degh | [d&fm}
13.085250 10.23 2054 | 1331 100.0 2,000 | v 2080 | 12

Miote:

The limits in CFR 47, Part 15, Subpart C, paragraph 15.208(a), are identical to those in RS5-GEMN Section B.9,
Table §, since the measurements are performed in ferms of magnetic field strengih and converted to electric fizld
strength levels (as reported in the table) using the fee space impedance of 3770 For example, the measurement
frequency X kHz resulied in @ level of ¥ dBpWim, which is eguivalent to Y - 51.5 m £ dBpAdm, which has the same
margin, W dBE | to the corresponding RS5-GEMN Table 6 Emit as it has to the 15.200a) lmmit.

(Cerification & Engineering Bureau, Q&A on Cerificalion Procedures and Requirements, TCE Workshop April
2020, Nicolas DesMarais, 2020-04-09 - |1SED O&4 - DesMarals pdf)
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as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 153 Mode 3, RSE 9 kHz = 30 MHz, mid channel, loop antenna

FOCTE 209 Maognei: Fedld

2

BN e 8§ 2 B

10

=10

Level in dBpvim
o

@ @ & W om

| Gk 20 30 50 100k 200 300 S0 1M SM 3M 5M 10M 20 30M

Frequency in Hz

Presien Fles ot 1-Fr+ - Corifical_Freags P+
m— FOC5.209_Magnec_Field L Finsl_Fesulf QP

Final Result

Freguency GuasiPeak Limst Barain | AMeas Time | Bandwidth | Pol | Azimath | Coer,
{MHz} (dBpvim} | (dSphim) | (dS) sl {kHz) (dea) {dB)
13.080750 17.68 2054 | 1158 100.0 2,000 | v 2400 | 42

Miote:

The limits in CFR 47, Part 15, Subpart C, paragraph 15.208(a), are identical to those in RSS-GEMN Section B.9,
Table §, since the measurements are performed in ferms of magnetic field strengih and converted to electric fizld
strength levels (as reported in the table) using the fee space mpedance of 3770, For example, the measurement
frequency X kHz resulied in @ level of ¥ dBpWim, which is eguivalent to Y - 51.5 m £ dBpAdm, which has the same
margin, W dBE | to the corresponding RS5-GEMN Table 6 Emit as it has to the 15.200a) lmmit.

(Cerification & Engineering Bureau, Q&A on Cerificalion Procedures and Requirements, TCE Workshop April
2020, Nicolas DesMarais, 2020-04-09 - |1SED O&4 - DesMarals pdf)
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as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 154: Mode 3, RSE 8 kHz - 30 MHz, high channel, loop antenna

FOCTE 209 Maognei: Fedld

x

Level in dBpvim

200 300 500 M

20 30 50 100k 2M 3M  5M 10M

20 3084

Frequency in Hz

Crifcal_Freags PR+

— FRC15.208 Magneic_Field Final_Result QPK

Final Result

GuasiPeak Limst Barain | AMeas Time | Bandwidth | Pol | Azimath | Ceer,
{MHz} (dBpvim} | (dSphim) | (dS) sl {kHz) de {dEim}
13.083000 13,69 2851 | 985 100.0 2000 [ v 2260 | 12

Miote:

The limits in CFR 47, Part 15, Subpart C, paragraph 15.208(a), are identical to those in RSS-GEMN Section B.9,
Table §, since the measurements are performed in ferms of magnetic field strengih and converted to electric fizld
strength levels (as reported in the table) using the fee space mpedance of 3770, For example, the measurement
frequency X kHz resulied in @ level of ¥ dBpWim, which is eguivalent to Y - 51.5 m £ dBpAdm, which has the same
margin, W dBE | to the corresponding RS5-GEMN Table 6 Emit as it has to the 15.200a) lmmit.

(Cerification & Engineering Bureau, Q&A on Cerificalion Procedures and Requirements, TCE Workshop April
2020, Nicolas DesMarais, 2020-04-09 - |1SED O&4 - DesMarals pdf)
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as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 155; Mode 3, RSE 30 MHz = 1 GHz, low channel, honzontal / verical polarisation
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Final Result
Freguency GuasiPeak Limst Barain | AMeas Time | Bandwidth | Height | Pol | Szimuth
{MiHz} (dBpvim} | (dSphim) | (dS) s} {kHz) {emi {deg} |
34,08 4350 844 | 10008 0000 | 4000 LW =30
11147 ITET 4350 5 83 100.0 130000 | 1000 |V 4,0 |
A4 0 ad 41,35 4500 4,65 Q.o 1 0 Qi 1440 | W 3.0
4840 01 7000 4304 48 00 .00 1000 1200000 | 4030 | W .0
B33 354000 40.08 4600 5.04 1000 1200000 1040 | H 117.0
Sl 0 1500 43.30 4600 2.50 1000 1200000 1000 | H 1Z5.0
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as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 1568; Mode 3, RSE 30 MHz = 1 GHz, mid channel, horzontal [ verdical polarisation
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Final Result

Freguency GuasiPeak Limst Barain | AMeas Time | Bandwidth | Height | Pol | Szimuth

{MHz} (dBpvim} | (dSpVim) | (dS) sl {kHz) {emi {deg} |
I—N J2.12 4600 438 | 1000 % E0000 | 4350 LW 160
[2r1a7z000 2431 | 400 [ 11,69 1000 130000 | 1460 | H

A4 0 ad 41, 31 4500 4,48 1000 1 0 Qi 1340 | ¥ .0

55004 FOa0 41,76 4500 4.4 1000 1200000 | 4030 | W arn

B33 324000 39.14 4600 8.81 1000 1200000 1000 | H 117.0

Sl 0 1500 4019 4600 5.81 1000 1200000 1030 | H 124.0
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as LENHARDT

TR Mo.: 24080432-41496-0 20250217 WORLDWIDE | TESTING | CERTIFICATION

Plot 157: Mode 3, REE 30 MHz = 1 GHz, high channel, horizontal fveriical polarisation
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Final Result

Frigusency CuasiPeak Limdt Bargin | Meas Time | Bandwidth | Helaht | Pol | Bzimuth
{MHz} (dBpvim} | (dSphim) | (dS) sl {kHz) {emi {deg} |
35,35 4350 | 715 1000 ) 120000 | 1000 [ 3.0
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Plot 158; Mode 3, REE 1 GHz = 18 GHz, low channel, horizontal § vertical polarisation

15208 L15.205). Peak -

1G 2G G 4G G 6 B 10G 168G

Frequency in Hz
Pressizse Reaut 2-FNS Pressiew Result 1-PH+ L Critcal_Freqs RMS
* i al_Fresags PR+ 15208 (15205 Peak =~ === 152089 (15.205) AVG
&  Final_Resut P+ & Final_Fiesut FVS
Freguency Bl Peak RM% Limi Blargin | Aeas. Time | Bandwidth | Height | Pol
{MHz) (dSuNim} | (dBuvim) | (dSpvim) | (dB) {ms) (kHz} {em}
1168, M0

Final Result

= 1847 3553 1900
171700000 | 3379 =1 ra00 a0z 1000,

-

T (T (e | o e

1500
150,

835 0. 000 a00 | 450
5336 == f4.00 | 064 a0 1000000 |  480.0
e 4017 S54.00 1383 1:00U0 1 00, D00 15000
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Plot 158 Mode 3, REE 1 GHz = 18 GHz, mid channel, horizontal / vertical polarisation
100
90
a0
N — N et 18200 (15.206) Peak !
7o
g 60
= i mssbaiaim s wmadininisiniaigia o= g e R UR -.-'.-.-‘.
e 0
o * *
& a0 *
. .
30-
]
20
10
1L, b 1 b b b ——— i
103 G 3G 43 68G3 @& B 10G 168G
Frequency in Hz
Press iz Result 2-AMS Prewiew Result 1-PK+ 152 [ 15.205) Paak
s - 15208 (15.206) AVG * PH+ * AVE
& Final_Result PK+ L Final_Resut VS
Final Result
Freguency Bl P ak REMIS Limis Blargin | Aeas. Time | Bandwidth | Helght | Pol
[MHz) [dEphim) | (dBphim) | (dBpWim) | (dB [ms) [kHz§ {cmj}
1255 000000 3590 = T4.00 840 L1Z1LER] o0 000 | 4500 H
1 ae PR 24,00 T 1000.L 00.Q00 | 4500 | Y
L B [ [ 45 80 o f4.00 ¥ A e A i, B 15000 | H
| 90730 150004 e 3540 54,00 18 &0 0000 A 00, Q00 1500 | H
15850000010 5280 v 74.00 .3 10010.0 1000.000 | 1500 | H
5857 000000 = 4043 adon ) {357 10000 1000000 | 4500 | H
852 200004 ad.14 ] 400 1 1868 10000 1000000 | 1500 LW
| 17959, 6000040 - 42 8 54.00 11.13 1000.0 1000000 | 1500 | H
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Plot 160; Mode 3, REE 1 3Hz = 18 GHz, high channel, horizontal f vertical polanisation
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— — N et 18200 (15.206) Peak !
T
g 60
P SIS R TS [PRRRN T s b e 2R LS ) S
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1G 2G 3G 43 585G & B 10G 1BG
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Presviess Result 2- S Presiew Fesult 1-PR+ 15208 [ 15.205) Paak
s - 15208 (15.206) AVG * PH+ * AVE
&  Final_Resut P+ & Final_Resut AMS
Final_Result
Freguency Bl Pl 4 Limés Blargin | Meas. Time | SBandwidith | Helght | Pol
[MHz) [dEphim) | (dBphim) | (dBpWim) | (dB [ms) [kHz§ {cmj}
1043 FO0D 3333 = 7400 L 4067 LA 000,000 L1500 LV
1 s 16 4 5400 | 3744 1000.¢ 00,000 | 1500 [V
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AT 54 s 74,00 .46 10000 1000000 | 9800 | H
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| 17TES, 330000 2337 we r4.00 | 1863 10400 1000000 | 1500 | ¥
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Plot 181; Mode 2, REE 18 GHz = 265 GHz, low channel, horizontal { vertical polarisation
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Plot 162; Mode 2, RSE 18 GHz = 265 GHz, mid channel, horizontal { vertical polarisation
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Plot 163; Mode 2, RSE 18 GHz = 26,5 GHz, high channel, horizontal / verdical polarsation
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8 TEST SETUP DESCRIPTION

8.1 SemiAnechoic Chamber with Ground Plans

the maximum field sirength is received. The wanted and unwanied

requirement ANS| CED,

Radiated measurements are performed in vertical and horizontal pla
a Semi Anechoic Chamber with a metallic ground plane, The EUT is positioned on a nen-conductive test table with
a height of 0,80 m above the metallic ground plan e that covers the whole chamber, The receiving antennas confom
to specification ANSI 063, 10-2013, American Mational Standard for Testing Unlicensed Wireless Devices, These
antennas can be moved over the height range bebseen 1.0 m and 4.5 m in order bo search for maximum fleld
strength emited from the EUT. The measurement distances bebween EUT and receiving antennas are ndicated in
the test selups for the varous Fequency ranges. For each measurement, the EUT & rotated i all three axes until

ne in the fequency range 30 MHz to 1 GHz in

emissions are received by a specirum analyzer

where the detector modes and resoluion bandwidths over various fequency ranges are sel according o

control rack :
- ! semi Anechoic Chamber with Ground Plane :
Tabsorber | EMireceiver |
Iming _ 1
3
ULTRALOG ettt £ g e E
ankanna n 1
= | | tumiabla / '
g arfenna contraliar | |
r ]
= —  powsrsupply ||
aruipment wndar lest oop x 1
EuUT antenna E .
-_| non-conductive :
0.8 m ' fieesd able ! .
_ X . :| :"Iunﬂume —  signaling unit |}
azimuthallralation angle 360" [ :
metallic ground plans 1
_— *— _l 1_' _____________
Measurement distance: loop antenna 3 m, ULTRALCG antenna 3 m
EMC3E2 software version: 11.10.00
FS=UR +CL +AF
(F3-field sirength; UR-volfage at the recever, CL-loss of the cable; AF-antenna factor)
I = .
FS [dBuvim] = 1235 [dBvim] + 180 [d8) + 16680 [dBfm] = 31_05 [dBuvim] (35.68 1\vim)
IBL-Lab GmbH 107 1135
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Kind of
M, | Eosgeent P s Bk Type Setial Mo, ML HE | ooipe | Las § e Calibration
1 Prwer Supshy Fohde & Schearz | 1N 300 TIET] LABDOCED | MR Z
2 Arilanng Fahde & Sebraare HI._E-E-E'E 1GFI73 LARDOGSTI | C JREEAT — 6 — i}i‘ﬁ-ll}1 7
3 Fowar SUppty Chroma [H LABCCAGT | MR _
] E_HITBH F B gy Fahde & Soiraane ESWE 1057 LABDNGGED | G TRFFG-10 — 12N — 2pne-n-10
5 Fower Supphy Eldro-Auomalk | b e gosnanT | 2000030000 LABmC MR -
GmbH £ Co. K3

B Tes! ke pai psiame FTIIGEGEAH |- LAB O30S | R, -
T Artenna Mact Berishach ;;PMHFH:EEE' 10752 LABDOCTSE | NR -
B Foziioner matrn GmbH O 1.5 10K LABICGZRE | MR Z
a Cempraidad Alr Impislax 1-B50-30 - LAEDGISE | HE -
10 g;:‘mi'ﬂ"”*"" haie m_'m PR | pamgon 5 (5AC 3] 70108 PRE LARDOGES | oM OFZONM = M — FERT-31

I g remsi]
11 EOEM-IW Rohde & Seraare EMC3E W 30 LARDGEIG | MR -
12 Turntabie matrn GmbH TT20-3 TT20-2t8H LABICCZZE | HR Z
13 Arilenng B mialiry GmbH CAld -8 ChMA 1-PIAIE LAEDGET | MR -
14 AriEna Maz matrn GmbH BANH LF BANA S Fii2 LABIGGIZE | MR —
15 Coniroder matrn GmbH FCU 3.0 T LABICCZZZ | MR _

E leiiro-A tomalk

14 Proraler SUpply GmkH & Co. EG E&-PFS M I0 6 TETEAS0 T LAEDGIGN f MR -
17 Fra-&mpier et BEV 51120 B4 LAR OGRS | oM ORI — I6M — ZF08- 3
10 Arilanna Fahde & Soiraane HFHOT 1GFEa0 LABDOGISE | G FFFE-1% — M — E‘?ﬁ-ﬂﬁ-ﬁ
18 AriEna Fohde & Scirearz | HLBAZE TR LABDGCHRG | © IITAIIT — WM — 20IRAI-22

Cpsn Swdch B CEFZIG Bt Unt _
2 R e | Rahde s Sewarz | S 11748 LABDG143 | NR
21 BfilAnn g Fahda & Selraare HFHE-.l_E"E 100554 LARDOGIGS | C FI-O5-05 — J6M — i}i"ﬁ-ﬂﬁ-ﬂﬁ
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8.2 Fully Anechoic Chamber
comntrol rack
. Fully Anechole Chamber
“absorber —  EMI receiver
irng
awdic | video uri
equUipment under teat relay switch unit
= o turnitakile ¢
antenna coniroller
E power supply
............. sigralling unil
1"—_.____—#' " P WYY YWY WY YA TY
arrmuthal ratalion angke 350" Skl Sl el
........................
Measurement distance: hom antenna 3 mefer
EMC32 sofbaare version: 11.10.00
FE=UR +CL+AF
(FS-field sirength; UR-voRkage at the receiver, CL-loss of the cable; AF-antenna factor)
I - .
F& [dEum] = 12.35 [dBphim] + 1.90 [dB] + 16.80 [dB/m] = 3105 [dBu\im] (3568 pim)
OF m AW+ D -G+ CA
(DP-radated cutput power; AV-anaky/zer value, D-free field attenuation of measurement distance;
G-antenna gain+amplifier gam; CA-loss signal path )
I - .
OP [dBm] = -65.0 [dBm] + S0 [dB] - 20 [dBI] + 5 [dB] =-30 [dBm] (1 %)
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Kind of
M, | Eosgeent P s Bk Type Setial Mo, ML HE | Colibration | L8 1 HEx Calibration
1 Prwer Supshy Fohde & Schearz | 1N 300 TIET] LABDOCED | MR Z
2 Arilanng Fahde & Sebraare HI._E-E-E'E 1GFI73 LARDOGSTI | C JREEAT — 6 — i}i‘ﬁ-ll}1 7
3 Fowar SUppty Chroma [H LABCCAGT | MR _
] E_HITBH F B gy Fahde & Soiraane ESWE 1057 LABDNGGED | G TRFFG-10 — 12N — 2pne-n-10
5 Fower Supphy Eldro-Auomalk | b e gosnanT | 2000030000 LABmC MR -
GmbH £ Co. K3

B Tes! ke pai psiame FTIIGEGEAH |- LAB O30S | R, -
T Artenna Mact Berishach ;;PMHFH:EEE' 10752 LABDOCTSE | NR -
B Foziioner matrn GmbH O 1.5 10K LABICGZRE | MR Z
a Cempraidad Alr Impislax 1-B50-30 - LAEDGISE | HE -
10 g;:‘mi'ﬂ"”*"" haie m_'m PR | pamgon 5 (5AC 3] 70108 PRE LARDOGES | oM OFZONM = M — FERT-31

I g remsi]
11 EOEM-IW Rohde & Seraare EMC3E W 30 LARDGEIG | MR -
12 Turntabie matrn GmbH TT20-3 TT20-2t8H LABICCZZE | HR Z
13 Arilenng B mialiry GmbH CAld -8 ChMA 1-PIAIE LAEDGET | MR -
14 AriEna Maz matrn GmbH BANH LF BANA S Fii2 LABIGGIZE | MR —
15 Coniroder matrn GmbH FCU 3.0 T LABICCZZZ | MR _

E leiiro-A tomalk

14 Proraler SUpply GmkH & Co. EG E&-PFS M I0 6 TETEAS0 T LAEDGIGN f MR -
17 Fra-&mpier et BEV 51120 B4 LAR OGRS | oM ORI — I6M — ZF08- 3
10 Arilanna Fahde & Soiraane HFHOT 1GFEa0 LABDOGISE | G FFFE-1% — M — E‘?ﬁ-ﬂﬁ-ﬁ
18 AriEna Fohde & Scirearz | HLBAZE TR LABDGCHRG | © IITAIIT — WM — 20IRAI-22

Cpsn Swdch B CEFZIG Bt Unt _
2 R e | Rahde s Sewarz | S 11748 LABDG143 | NR
21 BfilAnn g Fahda & Selraare HFHE-.l_E"E 100554 LARDOGIGS | C FI-O5-05 — J6M — i}i"ﬁ-ﬂﬁ-ﬂﬁ
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8.3 Radiated measurements > 18 GHz

L]
' '
! I
: Firn @ntannia I
I
L]
- RF cable !
: EUT ‘_,_--11::_:___ F— armplifier DC Hack =  spactrum analyzer :
L]
' }
! I
! I
1 ]
! I
! I
: pearvamr !
1 sply ]
[ "
! I
! I
! I
PR |
Moo | Bquepmsant M sct o e Type Satlal Mo, WL hg, [l L i b Ealibration
1 b s Telsmeter Elrironic | EPF 12 - LARDCCAZT MR -
nnes dyEteme . _
2 Te# Wkin pnes FTOTGT-RH light LABDaGE | MR
3 Specinm Analyser | Rohde & Sorwarz | Fovid3 11241 LAB OG5S | G T GE, — 12M — IS IA
E s&dra-A tamalk
F Prramr SUpEY EmbH & Co. K EA-PE 210 H ZETEAAD RS LABDOCH S | MR -
5 |WiSsaradeser | Flinn Micswae Lk | Dot Lo 273283 LABDIONES | CM HAOT-18 — NI — 2250718
B WiECoax-Adapber | Flann Microwaws Lid ﬁ;‘;ﬂ“" 273374 LABDCCEE | M FOT4CTAG — 12M — 2OR07-16
7 Cotrinl Cabie Huber & Sunner | SEIGIGM SG3anT LABDOGIES | M A GTAT — 12W — BISGT-17
B |Antenna Flann Miemswae Lk | o0 o192 | araqa LAEDOO13S | CM HAOT-18 — NI — 2250718
] Ardenna Flann Microvwaye Lid f'j‘::}m a5 racis k] LABDCCH R | CM F-OTAE = 12M —= ER0T-16
Solrearzieck Med-
10 | Anteina Mas A AM 0104 & LABBOGE S | NR -
1 Bubmsher K.mysighi U148 SR pERREERn | LARDOCOCS | T IR0 — 1IM — OIRLE-06
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8.4 Conducted measurements WLAN test system R&S TS 8997
The EUT's RF signal is coupled out by the antenna connector which is supplied by the manufaciurer. The losses
for all signal paths are first checked within a calibration, The measurement readings on the signaling unit'specirum
anak/zer are comected by the specifc test sel-up loss. The attenuater, power divider, signaling unit and the
spectrum analyzer are mpedance matched on 50 Chm,
5 WLAN test system
systam coninolar
E chmabc chambee @~~~ :
: r LR H - ¥
! BAHENUBIONS b o - = = == = np:illr;wllr.:;rumd .
E eutll B~ T mmmemmemssssslo - B LEE Matiomm E
E attenuator power metar
porwser Supply cabde spactum analyzar :
E ;;ﬂ:l‘; sknal genaraior & E
signal genarator B i
rafarence device :
EMCI20MIME32 software version: 12.00.00
List of tesl equipment used:

Kinsd of

M. 1 ey i ol TN P e i Type Serial Mo, BEL M. Calibration Laist f Newd Calbrasiom

1 At uatar H et P 197134 4TINS LABBIEE | NF, -

2 RF Shielid Boy Rohde & Schrearz ChW-Z10 i 2 LAB DD | MR -

3 J wkch bl Fohde & Sciréarz OEF-EIRNWHFIuE ([EESL]i] LABDGRME | C IOE 0035 s 12M — 030326

Cenirsl Piatierin - iM — 2

] T5EA07 Rohde & Seiraarz | TSO9GT-Rack 100520 LABDRT? [NR -

<] mrﬂmrrf Fohde & Schéarz CEP-EIRAWA ICH2AT LABDXCIED | MR -

B Specirum Anilvier | Rohds £ Seraarz | FEAAD 101403 LABDRNETS | 0340410 — 12M — 2035-0d-10

T mr:':j;nil Fohde & Scirevarz Sl 0G0 6 I0E30 LABDOCITT | C A EA0 — MM — oET-12-10

B Signal @enereter | Rohde & Sehwarz | SMEB1006-20 175175 LABDRETS |C I3 — 12M — 203503

Radiz
g Cammunicatian Rohde & Seiraarz | CNWN2TD 101478 LABOIETS | MR -
Lsil

10 Cordroder Hiradatt Packard ATE-Z230 LELENE] LABDCZTY | MR -

11 At uater H ewiatt Pl o TR I EE LABBIGES | MR -

12 A uabor Hisviatt Packard BAG0AE, ATADNTTE LABRDNGZ4G | MR -

E ldira-f inmalk

13 Power SUpRly GmbH & Co K. |EAPSIMEI0E | IBTEI50260 LABORIS0 | MR -

14 Climaiiz Chiamber CTS &3mbH T- A0 Pk [E 1 LABDCCEIR | CM IO — 12M — OI-0E-0T

15 i s K eymight U136 W YSA1 10034 LABDCS | C H3-0E-06 — 12M — 250808
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9 MEASUREMENT PROCEDURES

8.1 Radiated spurious emissions from 8 kHz to 30 MHz

Test setup

- The EUT is s&t up according to its mfended wse, as describedin the user manwal or as defined by the
manufacturer,
In case of door standing equipment, it is placed in the middle of the tum table,
In case of tabletop equipment it is placed on a non-conductive table with a height of B0 em.
Additional equipment, cables, ... necessary for festing, are positioned Ike under normal operation,

- Interface cables, e.g. power supply, network, .. are connecied to the connection box in the tum table.
EUT s powered on and set into operation,

Pre-scan
- Turntable pedorms an azsmuthal rotation from 0° to 360° continuoushy.
For each tumtable position the EMI-recerver/spectrum analyser performs & positive-peakimax-hold sweep
(=worst-case). Data s transferred to EMI-software and recorded. EMIl-software will show the maxmum
level of all single sweeps as the final result for the pre-scan

Final measurement
- Significant emissions found during the pre-scan will be maximized by the EME-software by rotating the
turntable from 07 to 3607,
- Loop antenna is rotated with special 30 adapter set to find maximum level of emissions.
- Plot of the pre-scan with frequencies of identified emissions including levels, correction factors, turm fable
position and settings of measuring equipment ks recorded.

Distance correction (extrapolation)
= Wihen performing measurements on test distances ofh er than defined m the rules, the results shall be
extrapolated to the specified distance by conservatively presuming that the field strength decays at 40
dBfdecade of distance in the region closer than A in m divided by 2 {i.e., A2}, and at 20 dB/decade of
distance beyond that, using the measurement of a single point at the radial angle that produces the
AR emission,
This correclion s already included in the limit Bne of comesponding measurement plots.

Detailed requirements can be found in e.g. ANSI CE3.4 /26310
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9.2

Radiated spurious emissions from 30 MHz to 1 GHz

Test

sefup

The EUT is set up accordng to its miended use, as descrbed in the user manuwal or as defined by the
manufacturer.

In case of foor standing equipment, it is placed in the middle of the fum &oble

In case of tabletop equipment it is placed on a non-conductive table with a height of 80 em.

Additicnal equipment, cables, ... necessary for testing, are positioned Ike under normal operation.
Interface cables, e.g. power supply, network, .. are connecied to the connection box in the tum table.
EUT s powered on and set into operation,

Pre-scan

Turntable pedforms an azimuthal rotation from 0° to 3607 continuoushy.

Antenna polarisation is changed (H-A /V-H} and antenna height is changed from 1 meter to 4 meters
For each tumtable position fantenna polarisation F antenna height the EMI-receiver’spectrum analkyser
performs a posifive-peakimax-hold sweep {mworst-case), Data is transferred to EMI-software and
recorded. EMI-sofbware will show the maximum level of all single sweeps as the fnal resull for the pre-
scan

Final measurement

significant emissions found during the pre-scan will be maximized by the EMEsofiware based on
E'-r-lalulated data during the pre-scan by refating the turntable and changing antenna height and
polarisation.

Final measurement will be perfomed with measuring equipment settings as defined in the applicable test
standards (#.g. ANSI CE6.4).

Flot of the pre-scan with frequencies of identified emissions including levels, correction factors, um fable
position, antenna polarisation and seftings of measuring eguipment is recorded,

Distance correction (extrapolation)

Vihen performing measurements on test distances ofh er than defined in the nules, the results shall be
exirapolated to the specified distance by conservalively presuming that the fisld strength decays at 20
dB/decade of distance bevond the reglon A in m divided by 21 {lLe., M21), using the measurement of a
single point at the radal angle that produces the maxemum emission.

This comrechion is already incleded in the comesponding measurement plots

Detailed requirements can be found in e.g. ANSI CE3.4 /6310
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9.3

Radiated spurious emissions from 1 GHz to 18 GHz

Test

sefup

The EUT is set up accordng to its miended use, as descrbed in the user manuwal or as defined by the
manufacturer.

In case of door standing equiprment, it is placed in the middle of the tum table,

In case of tabletop equipment it is placed on a non-conductive table with a height of 80 em.

Additicnal equipment, cables, ... necessary for testing, are positioned Ike under normal operation.
Interface cables, e.g. power supply, network, .. are connecied to the connection box in the tum table.
EUT s powered on and set into operation,

Pre-scan

Turntable pedforms an azimuthal rotation from 0° to 3607 continuoushy.

Antenna polarisation is changed (H-A /V-H} and antenna height is changed from 1 meter to 4 meters
For each tumtable position Fantenna polarisation F antenna height the EMI-receiver’spectrum analyser
performs a posiive-peakimax-hold sweep {mworst-case), Data is transferred to EMI-software and
recorded. EMI-sofbware will show the maximum level of all single sweeps as the final result for the pre-
scan

Final measurement

significant emissions found during the pre-scan will be maximized by the EMEsofiware based on
E'-r-lalulated data during the pre-scan by refating the turntable and changing antenna height and
polarisation.

Final measurement will be perfomed with measuring equipment settings as defined in the applicable test
standards (#.g. ANSI CE6.4).

Flot of the pre-scan with frequencies of identified emissions including levels, correction factors, um fable
position, antenna polarisation and seftings of measuring eguipment is recorded,

Distance correction (extrapolation)

Vihen performing measurements on test distances ofh er than defined in the nules, the results shall be
exirapolated to the specified distance by conservalively presuming that the fisld strength decays at 20
dB/decade of distance bevond the reglon A in m divided by 21 (lLe., M2m), using the measurement of a
single point at the radkal angle that produces the maximum emission.

This comrechion is already incleded in the comesponding measurement plots

Detailed requirements can be found in e.g. ANSI CE3.4 /6310
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9.4 Radiated spurious emissions above 18 GHz

Test setup
= The EUT i5 set up according fo its miended vse, a5 describedin the user manval or as defmed by the
manufacturer.
Additional equipment, cables, ... necessary for festing, are positioned Ike under normal operation,
- EUT is powered on and set into aperation.
Test distance depends on EUT size and test antenna size (farfield conditions shall be met)
Pre-scan

The test antenna is handheld and moved carefully aver the EUT to cover the EUT's whole sphere and for
different polarizations of the antenna,

Final measurement

Significant emissions found during the pre-scan will be maximized, i.e. pesition and antenna orienfalion
causing the highest emissions with Peak and RS detector

Final measurerment will be performed with measuring equipment seltmgs as defined i the apphcable test
standards {e.g. ANSI C63.4 FC63.10)

Final plot showing measurement data, kevels, frequency, measurng Ume, bandwidth, comection factor,
margin te the limit and limit is recended,

In case of measurements with external hammonic mikers {e.g. above 50 GHz) special care is laken to
avoid possible overloading of the extemnal mixer's input,

As external harmonke mixers may generate false mages, care is taken to ensure that any emission
measured by the spectrum analyzer is indeed radiated from the EUT and not internally generated by the
external harmenic mixer, Signal idenfification feature of spectrum analyzer is vsed to eliminatefreduce
images of the external harmanie mixer.

Distance correction (extrapolation)

When performing measurements on test distances other than defined i the rubes, the results shall be
extrapolated to the specified distance by conservatively presuming that the field strength decays at 20
dB/decade of distance bevond the reglon A in m divided by 21 (l.e., M2m), using the measurement of a
single point at the radial angle that produces the maximum emission,

This correction s already included in the comesponding measurement plots.

Defailed requirements can be found in e.g, ANSI CEL4 [ CEL 10
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10 MEASUREMENT UNCERTAINTIES

Radio frequency sx1x107
RF power, conducted s+075dE
Power spectral density =+3dB
Maximum frequency deviation 25
Deviation limitation Duty Cycle, Tx-sequence, Tx-gap k5%
Cocupied chann el bandwidth Z+5%
Conducted spudous emission of transmitter 5 +4 dB
Conducted emission of recelvers = +4 dB
Radiated emission of ransmitter =465 dB
Radiated emission of receiver =+GdB
_Ten'q:ngr:amre =2 25°C
Humudity s+ 10%

The mdicated expanded measurement uncenainty corresponds fo the standard measurement uncerainty for the
measurament results multipled by the coverage factor k= 2. It was determined in accordance with E&A-4/02 M:2013.
The true value is located in the corresponding interval with a probability of 85 %,
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