EMCC™

DR. RASEK

Test Report # EMCC-110010ZBA

Page 1 of 91
Issue Date: 2017-10-06

TEST REPORT # EMCC-110010ZBA, 2017-10-06

EQUIPMENT UNDER TEST:

Device:
Serial Number:

Application:
FCC ID:

IC:
Manufacturer:
Address:

Phone :
Fax :

RELEVANT STANDARD(S) :

X] ANSI C63.10-2013

X] 558074 D01 DTS Meas Guidance v04

TCM 515B
434501000092
434501000089
434501000062
Wireless Remote Control
SZV-TCM515B
5713A-TCM515B
EnOcean GmbH
Kolpingring 18 a
82041 Oberhaching
Germany

+49 89 6734689-40
+49 89 6734689-56

47 CFR § 15.247
RSS-247 Issue 2
RSS-102 Issue 5

MEASUREMENT PROCEDURE:

X] RSS-Gen Issue 4

[X] 447498 D01 General Exposure Guidance v06

Patrick Reusch

Boelwiese 8

91320 Ebermannstadt
Germany

Phone: +49 9194 7262-0
Fax: +49 9194 7262-199
E-Mail: p.reusch@emcc.de

TEST REPORT PREPARED BY:

EMCCons DR. RASEK GmbH & Co. KG

TEST PERSONNEL:

Patrick Reusch

HEAD OF COMMERCIAL
EMC AND RADIO DEPT.:

G ,/7

Ludwig Kraft Wolfgang Déring

EMCCons DR. RASEK
GmbH & Co. KG
Boelwiese 8

91320 Ebermannstadt
Germany

Industry Canada Listing # 3464C

110010ZBA

EMC, Radio, Safety and Environmental Testing

(( DAKKS

Deutsche
Akkreditierungsstelle
D-PL-12067-01-02

Telephone: +49 9194 7262-0
Telefax: +49 9194 7262-199
Mail: emc.cons@emcc.de
Web: www.emcc.de




Test Report # EMCC-110010ZBA

EMCC™ Page 2 of 91

DR. RASEK Issue Date: 2017-10-06
Test of EnOcean GmbH TCM 515B to 47 CFR § 15.247 and RSS-247 Issue 2

CONTENTS Page
1 General INformation...... ... e s e e e e e e e nn e e eeeeeeens 4
1.1 PUMDOSE ..ttt et e e e bttt e e e b bt e e e e bttt e e e bt e e e e e anbe e e e e anbeeeeanbeeeeeanreeeeen 4
1.2 LimitsS and RESEIVALIONS........uuuiiiiiiiiiiiiiitt bbb bbb — e baaaaaaaaasaaaasasssasssnsssssnsnsnssssnrnrnres 4
1.3 TSt LOCAtION... .o 4
14 CUSTIOMIBT ..., 5
1.5 Y E=T 10 = Tox (] (=] SO PRSP OPSPPRSPPPPPPPRt 5
1.6 Dates and TeSt LOCAtION .........uuuiiiiiiiiiiiiiiiiei bbb aaaaaaa e saaassnnsanansnnnnnsensnnnres 5
1.7 Ordering INFOMATION .........oiiiiiiiie ettt e et e e st e e s s et e e e e saneeeeeaneeaesnneeens 5
1.8 (01170 4= 1 T3 7o) g o [1 1 o] g =TRSOOSR 5
P2 o e Yo [T Tex G 3 12X o2 g T o 1 { o] o S 6
21 Equipment UNnder TeSt (EUT) ..ot 6
2.2 [a1 =T aTe L=To R ET = SRS POSPPPPPPRR 7
2.3 EUT Peripherals/SIMUIAtOrS..............uuiiiiiiiiiiiieeee ettt e e e e e e e e e e e e aaans 7
2.4 Mode of operation during testing and test SEt-UP ........coooieiiiiiiii i 8
2.5 Modifications required for COMPLIANCE ..........coiiiiiiiiie e 9
2.6 (D10 4 O3 o [ @] (= Tox i o] o USRI 9
3 Test ReSUItS SUMMANY ... s 10
4  Antenna ReqUIremMEeNt......... .. 11
4.1 LN=To U1 =1 (o] o I P PP PRTI 11
4.2 L= 98 =0 U110 0 =T o G PSR 11
4.3 TeSEPrOCEAUIES ... ..o 11
4.4 TeStRESUIL ... . 11
5 Occupied Bandwidth ........... s 12
5.1 LN=To U1 =1 (o] o I P PP PRTI 12
5.2 L= 98 =0 U110 0 =T o G PSR 12
53 TeSEPrOCEAUIES ... ..o 12
54 TeStRESUIL ... . 14
55 Detailed Measurement Data ..............eviiiiiiiiiiiiiiiiiiiiie e — e —a———a—————————————————— 15
6 Fundamental emission OUtPUL POWEN .......cocieeeeciiiiirrrrcce s e e e 20
6.1 [=To U1 =1 (o] o I T OO PPTI 20
6.2 Test EqUIipmeENnt ... 21
6.3 TeSEPrOCEAUIES ... ..o 21
6.4 POWET CalCUIALION ......eiieiiiieieee e aaaaaaaaaaasaasas s ssasssansnnnrssnsnsnnnnns 22
6.5 TESTRESUIL ...t e e e ettt e e e e bt e e e e eab e e e e nbe e e e e anbeeeenteeeeeneee 23
6.6 Detailed Measurement Data ...........oiiiiiiiiieiiiee et e e e 24
7 Power SPectral DENSity ......cccccccciiciicrr s 27
71 =T o 111 = (T o PRSP 27
7.2 Test EqUIipmeENnt ... 27
7.3 LIS B d (0Tt =To LU OSSR 28
7.4 POWET CaICUIALION ..ottt e e et e e e e e e s nnee e e s enneeeas 28
7.5 TeStRESUIL ... .o 29
7.6 Detailed MeasuremMent Data ..........occeeviiiiiiee e e e 30
8 Band-Edge COmMPlI@nCe.......... s s s s s s s s s s s s s s s s s 33
8.1 LYo 1= 11T o I PRSP 33
8.2 BT 41 Lo (U] 0 0 =T o PP PPRRRP 35
8.3 TeStProCEAUIES ... 35
8.4 Calculation of Field Strength Limits ...........ooiiiiiii e 36
8.5 Field Strength CalCulation ..............ooo i saeee e 36
8.6 Marker-Delta Method CalCulation ..............ooi e 37
8.7 TeStRESUIL ... . 38
8.8 Detailed Measurement Data ... 39
9 Radiated Emissions 9 kHz — 30 MHz............ooe ettt 42
9.1 =0 U1 =1 (o] o I PSSR 42
9.2 L= 98 =0 U110 0 =T o G SRR 44

© EMCCons DR. RASEK GmbH & Co. KG 2017

110010ZBA



Test Report # EMCC-110010ZBA

EMCC™ Page 3 of 91
DR. RASEK Issue Date: 2017-10-06
Test of EnOcean GmbH TCM 515B to 47 CFR § 15.247 and RSS-247 Issue 2

9.3 TeSE PrOCEAUIES ... ..o 44

9.4 Calculation of Field Strength Limits ...........oooiiiiiiii e e 45

9.5 Field Strength CalCUlation ...............uviiiiiiii e e e e e e eaae s 46

9.6 FINAl TESE RESUIES ..ottt e e e s e e e e e e e e et ae e e e e e e e e snnnnneneeeens 46

9.7 Detailed MeasuremMent Data ..........cceeviiiiiiee e e e 47

10 Radiated Emissions 30 MHz — 1000 MHz............coooiiiiimiiiiiiiis i 49
10.1 LYo 11 E= 11T o I PRSP 49
LT =T =To (U] o] 4 1=] o | USROS 50
LR T =T (o Tt = T U =SSR 51
10.4  Calculation of Field Strength LImits .........cooiiiiiiii e 52
10.5  Field Strength CalCulation ..............oiiiiiiiiii e 52
O T T P L =Ty A =T USSR 53
10.7  Detailed Measurement Data ..............ooiiiiiiiiie e e e e 54

1 Radiated Emissions 1 GHz — 25 GHz ... e 60
111 [=To U1 =1 (o] o I PSSR 60
L =T =T [0 o] 4= o O SRR 62

L T =T (0T =T U SR 62
11.4  Calculation of Field Strength LImits .........cooiiiiiii e e 64
11.5  Field Strength CalCulation ..............eiiiiiiiiii e 64
11.6  FINal TESLRESUILS ...t 65
11.7  Detailed Measurement Data ... 66

12 RF Exposure Evaluation............oooiiiiiiiiii e 87
121 [N=To U1 =1 (o] o I OO PRT 87
L2 =1 o =o U] o] .4 1= o | SR 88
12.3 TSt RESUI ...t 89

13 Measurement Uncertainty ..........cccccemmiiiiiiiiiineeiir s 90
14 T3 o Y T =3 - N 91

© EMCCons DR. RASEK GmbH & Co. KG 2017

110010ZBA



Test Report # EMCC-110010ZBA

EMCC™ Page 4 of 91

DR. RASEK Issue Date: 2017-10-06
Test of EnOcean GmbH TCM 515B to 47 CFR § 15.247 and RSS-247 Issue 2

1 GENERAL INFORMATION

1.1 Purpose

The purpose of this report is to show compliance with the 47 CFR § 15.247 and RSS-247 Issue 2
requirements for the certification of licence-exempt Intentional Radiator.

1.2 Limits and Reservations

The test results in this report apply only to the particular equipment under test (EUT) as declared in this
report. This test report shall not be reproduced except in full without the written permission of EMCCons DR.
RASEK GmbH & Co. KG.

1.3 Test Location

Test Laboratory: EMCCons DR. RASEK GmbH & Co. KG
DAKKS Accreditation No.: D-PL-12067-01-02
Address of Labs |, II, Il
and Head Office: EMCCons DR. RASEK GmbH & Co. KG
Boelwiese 8
91320 Ebermannstadt
GERMANY

Address of Labs IV and V: EMCCons DR. RASEK GmbH & Co. KG
Stoernhofer Berg 15
91364 Unterleinleiter
GERMANY

Laboratory: Test Laboratory IV

The 3 m & 10 m semi-anechoic chamber site has been fully described

in a report submitted to ISED. This 3m/10m alternative test side is approved
by Innovation, Science and Economic Development Canada under file
number 3464C-1.

Phone: +49 9194 7262-0
Fax: +49 9194 7262-199
E-Mail: emc.cons@emcc.de
Web: www.emcc.de
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1.4 Customer

Company Name: EnOcean GmbH

Street: Kolpingring 18 a

City: 82041 Oberhaching

Country: Germany

Name for contact purposes: Ms Ronja Schreiner

Phone: +49 89 6734689-40

Fax: +49 89 6734689-56

E-Mail: ronja.schreiner@enocean.com

1.5 Manufacturer

Company Name: EnOcean GmbH
Street: Kolpingring 18 a
City: 82041 Oberhaching
Country: Germany

1.6 Dates and Test Location

Date of receipt of EUT: 2017-06-21
Test Date: CW 26/2017
Test Location: Lab IV

1.7 Ordering Information

Purchase Order: 2017-10521
Date: 2017-05-08
Vendor Number: K701624

1.8 Climatic Conditions

Date Temperature Relative Humidity Air Pressure Lab Customer
[°C] [%] [hPa] attended tests
2017-06-27 27 50 970 v no
2017-06-28 26 54 961 v no
2017-06-29 26 49 958 v no
2017-06-30 25 43 967 v no
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2 PRODUCT DESCRIPTION

2.1 Equipment Under Test (EUT)

The following data is based on customer’s information.

Trade Name:
Serial Number:

No. of Variants:
Variant #1
Variant #2
Variant #3

Application:

Hardware Version:
Firmware Version:

FCC ID:
IC:
Radio Standard:

Frequency Range:

No. of Channels:
Tested channels:

Modulation:
Data rate(s):
Power Supply:

Ports:

Antenna and Gain:

Remarks:

TCM 515B

Variant #1: 434501000092

Variant #2: 434501000089

Variant #3: 434501000062

3

equipped with RP-SMA connector for external 50 Ohm antenna
equipped with 50 Ohm whip antenna

equipped with printed PCB Antenna, PCB thickness 1.0mm
Wireless Remote Control

AA-1 (TCM515B AA-1)

TCM 515B Production Software Version 1.0.0.0
SZV-TCM515B

5713A-TCM515B

Bluetooth Low Energy (BLE)

2400 - 2483.5 MHz

79

low: 37 (2402 MHz)

middle: 18 (2442 MHz)

high: 39 (2480 MHz)

GFSK

1 Mbps

3.3 V DC via Eval-Board (Variant #1 and #2)
5V DC via USB (Variant #3)

UART

External RP-SMA antenna, max. 5 dBi
Whip antenna, max. 2 dBi

Printed PCB antenna, max. 0 dBi
None
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2.2 Intended Use

The following information was delivered by the customer:

TCM 515B provides radio transceiver functionality (telegram transmission and reception) according to the
Bluetooth Low Energy standard in the 2.4 GHz radio band. TCM 515B receives and transmits radio
telegrams based on a whip or PCB antenna connected via the host PCB.

TCM 515B is primarily intended for use within energy harvesting wireless sensors where it will provide the
required radio functionality. To meet this requirement, TCM 515B provides a radio application
programming interface (API) for transmission and reception of 2.4 GHz BLE radio telegrams. This radio
API can be used by sensor applications running on TCM 515B to transmit and receive radio telegrams.

Additionally, TCM 515B provides an ESP3 interface to an external host which can be used to transmit and
receive data tele-grams.

TCM 515B provides an 12C interface which can be used to connect external sensors. TCM 515B is
implemented as 31 pin reflow-solderable module in an optimized form factor to enable size constrained
applications. The module design is mechanically compatible with the other members of the TCM 515 radio
transceiver family to enable reuse.

2.3 EUT Peripherals/Simulators

Variant #1 and Variant #2 were connected to an Eval-Board called EOP350 which was powered by 5V DC
from USB connector.

Variant #3 is soldered on a demo board called USB500Z-V1.0 which was power by 5V DC from USB
connector.

The USB connection was disconnected during the measurement. The power supply was established by
bypassing the USB power lines and powering the EUTs by an external DC power supply.

© EMCCons DR. RASEK GmbH & Co. KG 2017
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2.4 Mode of operation during testing and test set-up

The equipment under test (EUT) was operated during the tests under the following conditions:

Continuous Transmit:

The EUT was continuously transmitting modulated data and maximum power. The duty cycle was increased
to nearly 100 % for testing purpose, only. The setting was performed via a software tool called DolphinView
(version 3.6.2.0). This mode of operation was used for all tests.

List of channels and their corresponding frequencies:

Frequency Channel Frequency Channel Frequency Channel

[MHZz] # [MHz] # [MHz] #

2402 37 2429 53 2456 25
2403 40 2430 12 2457 67
2404 0 2431 54 2458 26
2405 41 2432 13 2459 68
2406 1 2433 55 2460 27
2407 42 2434 14 2461 69
2408 2 2435 56 2462 28
2409 43 2436 15 2463 70
2410 3 2437 57 2464 29
2411 44 2438 16 2465 71
2412 4 2439 58 2466 30
2413 45 2440 17 2467 72
2414 5 2441 59 2468 31
2415 46 2442 18 2469 73
2416 6 2443 60 2470 32
2417 47 2444 19 2471 74
2418 7 2445 61 2472 33
2419 48 2446 20 2473 75
2420 8 2447 62 2474 34
2421 49 2448 21 2475 76
2422 9 2449 63 2476 35
2423 50 2450 22 2477 77
2424 10 2451 64 2478 36
2425 51 2452 23 2479 78
2426 38 2453 65 2480 39
2427 34 2454 24 - -
2428 11 2455 66 - -

Note: Highlighted frequencies/channels were used for testing.
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Sample screenshot of setting:

DolphinView Advanced 3.6.2.14 [Expires: 31.12.2017]
File View Window Help
Baudrate:

@ COM4 EOXEYSBMA TCM5158 1.0.0.0 ID: 12345678

57600 w =) Connect [F5) |’=. Disconnect [F6] I ¥ Firmware Downlo: E DOLPH'N
Node List | Security | Node Statistics | Network Statistics Subtelegrams Analysis Telegram Analyzer -~ Telegram Transmit [T...5B_commands.do] 5
afsadd JK Remove ¥ Cleanup 5/ .Sortv ||| [~ [ |view~ s Add operation = JK Remove operation _ ) Duplicate operation < Moveup ~JrMove down [ listop [ Execute selected
~ | Workspace Count: 0 Comment: | Send CW [15 PWR] opt: [CH] ~
~  Unassigned Count: 0 Send Serial: ESP3 Type: 08 | Data; 15 80 2| . 4+ Optional Data: 25 1.+
Comment: |Send PN9 [16 PWR CH]
Send Serial: ESP3 Type: 08 | Data: 16 80 2 +| Optional Data: 25 1| -+
Comment; 5end ADV in loop [19 PWR ms ms] opt: [CH]
Send Serial: ESP3 Type: 08 Data: 18 00 05 3l Optional Data: 112233445566 778899 9 - +|
Comment; Radio Tx Enable (Stop Tx (CW/PN9) = [0A 00]
Send Serial: ESP3 Type: 08 Data: 0A 00 2 + Optional Data: n_ =l
Comment: Radio Rx Enable, en: [09 01] opt. [CH], dis: [09 00]
—> Send Serial: ESP3 Type: 08 | Data: 09 01 2| - + Optional Data: 25 1 +
Comment: Write Tx Channels (1-3) [01 TxCH1 TXCH2 TxCH3]
Send Serial: ESP3 Type: 20 Data: 01 25 26 3 +| Optional Data: 0| +: v
Telegram Log ~ 4
View: = Radio Autoscroll Autoselect % Clear log Log directory Packet count: mmp 265 2 [53] 267
Node Properties ~ I
- Direction|  Port Date Time Decoded EJ
Nothing selected ¢ COM4 2017-07-20 12:56:09, Type: 05 CommonCommand, Datalll: 03, OpticnalDatal0l:
- COM4 2017-07-20 12:56:10, Type: 02 Response, Data(33]: 00 01 00 00 00 01 00 00 00 12 34 5€ 78 45 4F 08 00 54 43 4D 35 31 :
COoM4 2017-07-20 12:56:15,, Type: 08 ProductionCommand, Data([2]: 05 01, OptionalData(l]: 25
- COM4 2017-07-20 12:56:15 Type: 02 Response, Datal[ll: 00, OpticnalDatal[0l:
- COM4 2017-07-20 12:56:15.. Type: 21 N/& Data[35]: 42 25 EC A7 SA 48 OA 15 1E FF 06 00 01 05 20 00 77 E4 F5 Bl 1D FS |,
<[ »
|1e\eqram Log .RemuleManagement Log

2.5 Modifications required for compliance
None.

2.6 Duty-Cycle Correction

The following declaration was made by the customer on 2017-07-21 via email:

Any application firmware of TCM 515B operates with a maximum duty cycle of 20%.
One telegram transmission takes a maximum time on air of 510 ps.
The duty cycle limit is ensured by sending no more than 39 telegrams during any period of 100ms.

According to the description delivered by customer, the duty cycle is limited to 20 % resulting in a maximum
ON-Time of 510 us * 39 Packages = 19.9 ms in each 100 ms interval.

For average correction purposes, a duty cycle correction factor of (19.9 ms /100 ms) * 100 = 19.9 % was
used.

Expressed in logarithmic terms, the correction factor DCF is
20 x log (19.9 ms/100 ms) = -14.0 dB.
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3 TEST RESULTS SUMMARY

Summary of test results for the following EUT:

Manufacturer: EnOcean GmbH
Device: TCM 515B
Serial No: Variant #1: 434501000092

Variant #2: 434501000089
Variant #3: 434501000062

Requirement 47 CFR RSS Report Tested Result
Section Section Section Variants
Antenna Requirement § 15.203 - 4 #1#,\?2’ Passed
. . #1, #2,
Occupied Bandwidth § 15.247 RSS-247,5.2 5 #3 Passed
Fundamental Emission Output § 15.247 RSS-247, 5.4 6 #1, #2, Passed
Power #3
. #1, #2,
Power Spectral Density § 15.247 RSS-247,5.2 7 #3 Passed
. RSS-247,5.5 #1, #2,
Band-Edge Compliance § 15.247 RSS-Gen. 8.9 8 43 Passed
Radiated Emissions §15.247, RSS-247, 5.5 9 #1, #2, Passed
9 kHz — 30 MHz § 15.209 RSS-Gen, 8.9 #3
Radiated Emissions § 15.247, RSS-247, 5.5 10 #1, #2, Passed
30 MHz — 1000 MHz § 15.209 RSS-Gen, 8.9 #3
Radiated Emissions §15.247, RSS-247, 5.5 11 #1, #2, Passed
1 GHz - 25 GHz § 15.209 RSS-Gen, 8.9 #3
RF Exposure Evaluation § 2.1003 RSS-102 12 #1520 | Passed

N.A. — not applicable; N.T. — Not tested acc. to applicant's order.

The client has made the determination that EUT Condition, Characterization, and Mode of Operation are
representative of production units and meet the requirements of the specifications referenced herein.
Consistent with Industry practice, measurement and test equipment not directly involved in obtaining
measurement results but having an impact on measurements (such as cable loss, antenna factors, etc.) are
factored into the "Correction Factor" documented in certain test results. Instrumentation employed for testing
meets tolerances consistent with known Industry Standards and Regulations.

The measurements contained in this report were made in accordance with the procedures described in ANSI
C63.10-2013 and all applicable Public Notices received prior to the date of testing.All requirements were
found to be within the limits outlined in this report.

The test results in this report apply only to the particular equipment under test (EUT) as declared in this
report.

Test Personnel:  Patrick Reusch
Issuance Date: 2017-10-06
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4 ANTENNA REQUIREMENT

Test Requirement: 47 CFR, § 15.203
Test Procedure: none

4.1 Regulation

FCC §15.203 Antenna requirement

An intentional radiator shall be designed to ensure that no antenna other than that furnished by the
responsible party shall be used with the device. The use of a permanently attached antenna or of an antenna
that uses a unique coupling to the intentional radiator shall be considered sufficient to comply with the
provisions of this section. The manufacturer may design the unit so that a broken antenna can be replaced
by the user, but the use of a standard antenna jack or electrical connector is prohibited. This requirement
does not apply to carrier current devices or to devices operated under the provisions of §15.211, §15.213,
§15.217, §15.219, or §15.221. Further, this requirement does not apply to intentional radiators that must be
professionally installed, such as perimeter protection systems and some field disturbance sensors, or to
other intentional radiators which, in accordance with §15.31(d), must be measured at the installation site.
However, the installer shall be responsible for ensuring that the proper antenna is employed so that the limits
in this part are not exceeded.

4.2 Test Equipment

None.

4.3 Test Procedures

None.

4.4 Test Result

Variant #1 is equipped with an RP-SMA antenna connector.
Variant #2 is equipped with a whip antenna, which is soldered directly to the PCB.
Variant #3 is equipped with a printed PCB antenna.

Manufacturer: EnOcean GmbH
Device: TCM 515B
Serial No: 434501000092
434501000089
434501000062
Test date: 2017-06-30

The EUT meets the requirements of this section.

© EMCCons DR. RASEK GmbH & Co. KG 2017
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5 OCCUPIED BANDWIDTH

Test Requirement: 47 CFR, § 15.247
RSS-247,5.2

Test Procedure: 558074 D01 DTS Meas Guidance
RSS-Gen, 6.6

5.1 Regulation

§15.247 Operation within the bands 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.
(a) (2) Systems using digital modulation techniques may operate in the 902-928 MHz, 2400-2483.5 MHz,
and 5725-5850 MHz bands. The minimum 6 dB bandwidth shall be at least 500 kHz.

RSS-247, 5.2 Digital transmission systems

DTSs include systems that employ digital modulation techniques resulting in spectral characteristics similar
to direct sequence systems. The following applies to the bands 902-928 MHz and 2400-2483.5 MHz:

a) The minimum 6 dB bandwidth shall be 500 kHz.

5.2 Test Equipment

Type Manufacturer/ Model No. | EMCC Ident | Last Next
No. Calibration Calibration
Double Ridged Guide Ant. Schwarzbeck / BBHA 3235 2017-05 2019-05
9120D
Spectrum Analyzer R&S / FSU50 3831 2016-08 2017-08
Digital Multimeter Agilent / U124B 3880 2016-05 2018-05
Web-Thermo-Hygrobarograph |W&T /57613 Web-T/Rh/P 4717 2016-04 2018-04
DC Power Supply Tektronix / PWS205 4721 n/a n/a
RF cable assembly Rosenberger / LA2-025- 5616 2016-08 2017-08
7000

5.3 Test Procedures

558074 D01 DTS Meas Guidance, 8.0 DTS bandwidth
The following procedure was used to determine the modulated DTS bandwidth:

8.1 Option 1

a) Set RBW = 100 kHz.

b) Set the video bandwidth (VBW) = 3 x RBW.

c) Detector = Peak.

d) Trace mode = max hold.

e) Sweep = auto couple.

f) Allow the trace to stabilize.

g) Measure the maximum width of the emission that is constrained by the frequencies associated with the
two outermost amplitude points (upper and lower frequencies) that are attenuated by 6 dB relative to the
maximum level measured in the fundamental emission.

© EMCCons DR. RASEK GmbH & Co. KG 2017
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RSS-Gen, 6.6 Occupied Bandwidth

The emission bandwidth (xdB) is defined as the frequency range between two points, one above and one
below the carrier frequency, at which the spectral density of the emission is attenuated x dB below the
maximum in-band spectral density of the modulated signal. Spectral density (power per unit bandwidth) is to
be measured with a detector of resolution bandwidth in the range of 1% to 5% of the anticipated emission
bandwidth, and a video bandwidth at least 3x the resolution bandwidth.

When the occupied bandwidth limit is not stated in the applicable RSS or reference measurement method,
the transmitted signal bandwidth shall be reported as the 99% emission bandwidth, as calculated or
measured.

The transmitter shall be operated at its maximum carrier power measured under normal test conditions.
The span of the analyzer shall be set to capture all products of the modulation process, including the
emission skirts.

The resolution bandwidth (RBW) shall be in the range of 1% to 5% of the occupied bandwidth (OBW) and
video bandwidth (VBW) shall be approximately 3xRBW.
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5.4 Test Result

6 dB Bandwidth

. Nominal Tx 6 dB —
EUT %prfa’ﬁ::;‘ﬁ Frequency "°"E’|§|:_|Ef'ge Up?ﬁh‘ifge Bandwidth ['R,'I'I‘_I‘:]
[MHZz] [MHz]
#1 low 2402 2401.647 2402.314 0.67 20.5
#1 middle 2442 2441.647 2442.324 0.68 20.5
#1 high 2480 2479.638 2480.304 0.67 20.5
#2 low 2402 2401.644 2402.327 0.68 20.5
#2 middle 2442 2441.638 2442.321 0.68 20.5
#2 high 2480 2479.674 2480.317 0.68 20.5
#3 low 2402 2401.673 2402.304 0.63 20.5
#3 middle 2442 2441.660 2442.324 0.66 20.5
#3 high 2480 2479.650 2480.314 0.66 20.5
99 % Bandwidth
. Nominal Tx 99 % _
EUT %p;;::":? Frequency LOV{I\:LE]CI ge Up'[)l\::-IE]d 9¢ | Bandwidth [Ii,mlzt]
[MHZz] [MHZz]
#1 low 2402 2401.458 2402.513 1.05 -
#1 middle 2442 2441.465 2442.513 1.05 -—-
#1 high 2480 2479.452 2480.506 1.05 -
#2 low 2402 2401.467 2402.519 1.05 ---
#2 middle 2442 2441.452 2442.510 1.06 -
#2 high 2480 2479.452 2480.516 1.06 -—-
#3 low 2402 2401.474 2402.526 1.05 -—-
#3 middle 2442 2441.455 2442538 1.08 ---
#3 high 2480 2479.468 2480.516 1.05 -
Manufacturer: EnOcean GmbH
Device: TCM 515B
Serial No: 434501000092
434501000089
434501000062
Test date: 2017-06-29

The EUT meets the requirements of this section.
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5.5 Detailed Measurement Data

6dB Bandwidth
Variant #1
Channel: low

*RBW 100 kHz
VBW 300 kHz

Ref -20 dBm Att 5 dB SWT 2.5 ms
~20 ndB 111 00 dB
BIW 666.666664667 kHz
L. . Temp [1 [T1 ndB] [ A]
3¢.44 dBm
1 Pl ;ﬁ/"'\ﬁl‘\r\“ﬁ” T2 2.401647436 GHz
MED | Tomplz i nde}
3¢.79 dBm

2.402314103 GHz

By i

—-11

-120

Center 2.402 GHz 200 kHz/ Span 2 MHz

99% Bandwidth
Variant #1
Channel: low

“RBW 100 kHz
VBW 300 kHz

Marker 1 [T1 ]
-33.60 dBm

Ref -20 dBm Att 5 dB SWT 2.5 ms 2.401980769 GHz

-20 OBW [1.054487179 MHz
Temp (1 [T1 OHW]

f-30 4] -47.62 den|EM

2.401454333 GHz
//\,A)'\./—r—/‘\"*w—z— Temp |2 [T1 OBW]

49 05 dge

N)J}/ 1o [2-402513821 Ghz
+-60 W/ WM‘W

-120

Center 2.402 GHz 200 kHz/ Span 2 MHz

6dB Bandwidth
Variant #1
Channel: middle

RBW 100 kHz
VBW 300 kHz
SWT 2.5 ms

Marker 1 [T1 ]
-34.23 dBm
2.441990385 GHz

Ref -20 dBm Att 5 dB

20 ndB [T11 00 dB
BW 676.28205]282 kHz
Temp |1 [T1 ndB]

-4¢.04 dem
1 PK y/\l:—r“’_!\w T2 2.441647436 GHz
M0 . S e

-4 # 12

+
4¢.24 dBm
2.442323718 GHz

o/ T

—-100

—-11

-120

Center 2.442 GHz 200 kHz/ Span 2 MHz

99% Bandwidth
Variant #1
Channel: middle

“RBW 100 kHz
VBW 300 kHz

Marker 1 [T1 ]
-34.10 dBm

Ref -20 dBm Att 5 dB SWT 2.5 ms 2.441967949 GHz

-20 OBW [1.04807¢923 MHz
Temp 1 [T1 OBW]

L _30. - -47.89 dem|EM

2.441464744 GHz

1 PK] /K\MMLVH\J”‘\ remp 2 [T1 ofw]
ME B I

2.442512821 GHz
V\l\z
F-60 N/ frpy
e M

F-11

-120

Center 2.442 GHz 200 kHz/ Span 2 MHz
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6dB Bandwidth 99% Bandwidth
Variant #1 Variant #1
Channel: high Channel: high

RBW 100 kHz Marker 1 [T1 ] “RBW 100 kHz Marker 1 [T1 ]
VBW 300 kHz -32.91 dBm VBW 300 kHz -33.35 dBm
Ref -20 dBm Att 5 dB SWT 2.5 ms 2.479987179 GHz Ref -20 dBm Att 5 dB SWT 2.5 ms 2.479977564 GHz
-20 ndB [[T1] .00 dB -20 OoBW 1.05448%179 MHz
BIW 666.666664667 kHz Temp |1 [T1 Ofw]
L. B Temp |1 [T1 ndB] L a0 4 46.97 dBm
-3.78 dBm 2.479451923 GHz
1 PK ;},w\,__,/xwr\llz > 470631821 cHz 1 PK} )/‘\J_,—/!‘wv-\\ B g
MED __ TemplefFa 53 MED |, 44-53—dBm
-3¢.05 dBm T1 T2 |2-48050§410 GHz
2.480304487 GHz
— =50~
L / \ﬁ'm.\ L 60 v/ \‘ww
P MY M\\A/!V
—_ =70
—— ~-80
—— ~-90
—_ =10t
~-110 F-11
-120 -120
Center 2.48 GHz 200 kHz/ Span 2 MHz Center 2.48 GHz 200 kHz/ Span 2 MHz

6dB Bandwidth 99% Bandwidth
Variant #2 Variant #2
Channel: low Channel: low

“RBW 100 kHz Marker 1 [T1 ] RBW 100 kHz Marker 1 [T1 ]
VBW 300 kHz 37.01 dBm VBW 300 kHz 37.06 dBm
Ref -20 dBm Att 5 dB SWT 2.5 ms 2.401996795 GHz Ref -20 dBm Att 5 dB SWT 2.5 ms 2.401977564 GHz
20 ndB 711 00 dB 20 OBW |1.054481179 WHz
BW 6§2.692301692 kHz Temp |1 [T1 Ofw]
L_. Temp |1 [T1 ndB] [ A [_30- -51.22 dem{iFM
-42.77 dBm 2.401464744 GhHz
2.401644231 GHz . Temp [2 [T1 ORW]
MED __ TN I — T Tompa—fra 53 W) e I 5185 dom
7 -42.87 dBm ”J/ \ 2.402519231 GHz
2.40232§923 GHz T1 o
- /_,. t-50
L I 60 W
e SRy, \M]‘Vl M e ,-:Mr’/
308
L. +-80-
L +-90-
L t-10
11 F-11
-120 -120
Center 2.402 GHz 200 kHz/ Span 2 MHz Center 2.402 GHz 200 kHz/ Span 2 MHz
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6dB Bandwidth
Variant #2
Channel: middle

RBW 100 kHz
VBW 300 kHz

Marker 1 [T1 ]
-37.46 dBm

Ref -20 dBm Att 5 dB SWT 2.5 ms 2.441983974 GHz
-20 ndB [[T1] .00 dB
BW 6§2.692301692 kHz
L Temp [1 [T1 ndB] [ A
A -43.58 dBm
INEK 2.441637821 GHz
M= 2 Temp{2 i ndBY
- u 12— 3
)/ \‘Y\ -43.10 dBm
2.44232(9513 GHz
~-110
-120
Center 2.442 GHz 200 kHz/ Span 2 MHz

99% Bandwidth
Variant #2
Channel: middle

“RBW 100 kHz
VBW 300 kHz

Marker 1 [T1 ]
-36.76 dBm

Ref -20 dBm Att 5 dB SWT 2.5 ms 2.442006410 GHz
-20 OoBW 1.057692308 MHz

Temp |1 [T1 Ofw]

[ 30 50.98 dBm

2.441451923 GHz

MNEK] Temp [2 [T1 OBW]
MED |, N 4 dpe
_,fr \ 2.442509615 GHz

T1 T2

N

F-80:

-120

Center 2.442 GHz 200 kHz/ Span 2 MHz

6dB Bandwidth
Variant #2
Channel: high

“RBW 100 kHz
VBW 300 kHz

Marker 1 [T1 ]
36.63 dBm

Ref -20 dBm ALt 5 dB SWT 2.5 ms 2.479971154 GHz
~20 ndB 111 _00 dB
BW 6719.487179487 kHz
L. Temp |1 [T1 ndB] [ A}
1 -42.80 dBm
2.479631821 GHz
MED | T;/“"\Hv—‘/L\w T Tompl2 1 ndet
-42.83 dBm

2.480317308 GHz

e e

-120

Center 2.48 GHz 200 kHz/ Span 2 MHz

99% Bandwidth
Variant #2
Channel: high

RBW 100 kHz Marker 1 [T1 ]
VBW 300 kHz 36.65 dBm

Ref -20 dBm Att 5 dB SWT 2.5 ms 2.479987179 GHz
-20 OBW [1.064103564 MHz
Temp |1 [T1 OfW]
[ _s0. -50.53 dem|iEM
A 2.479451923 GHz
1 PK] W
Temp [2 [T1 OBW]
ME |, [ h 5410 dm
2.480516026 GHz
T1, T2
=50
e ’_\/ \“\N*W
I \\"\r»w
=70
F-80
F-90
~-10
=11
-120
Center 2.48 GHz 200 kHz/ span 2 MHz
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6dB Bandwidth
Variant #3
Channel: low

Ref -20 dBm

RBW 100 kHz
VBW 300 kHz
Att 5 dB SWT 2.5 ms

Marker 1 [T1 ]
-41.59 dBm
2.402224359 GHz

ndB [[T1] .00 dB
BW 631.410256410 kHz
Temp [1 [T1 ndB]

-47.58 dBm
2.401673077 GHz

P i e

Templ2 FTi ndel
+

2.402304487 GHz

-47.62 dBm

—-110

-120

Center 2.402 GHz

200 kHz/

Span 2 MHz

99% Bandwidth
Variant #3
Channel: low

“RBW 100 kHz
VBW 300 kHz

Marker 1 [T1 ]

-42.04 dBm

Ref -20 dBm Att 5 dB SWT 2.5 ms 2.402060897 GHz
-20 OoBW 1.051282051 MHz
Temp [1 [T1 OBW]
L a0 5¢.26 dBm
2.401474359 GHz
1 PK] Temp |2 [T1 OBW]
MED |, l 5485 dBm
WWV\N‘M}\,\»W 2.402524641 GHz
L _so A
v =0
w0 “x\“{
L 60 "
~-80
~-90
=10t
F-11
-120

Center 2.402 GHz

200 kHz/

Span 2 MHz

6dB Bandwidth
Variant #3
Channel: middle

Ref -20 dBm

“RBW 100 kHz
VBW 300 kHz
Att 5 dB SWT 2.5 ms

Marker 1 [T1 ]
42.15 dBm
2.441727564 GHz

ndB 111 _00 dB
BW 663.461538462 kHz
Temp |1 [T1 ndBl LAl

-4§.69 dBm
2.44166(256 GHz

4|

> rT1 nde}
-4§.06 dBm
2.442323718 GHz

MMA”

g

-120

Center 2.442 GHz

200 kHz/

Span 2 MHz

99% Bandwidth
Variant #3
Channel: middle

Ref -20 dBm

RBW 100 kHz
VBW 300 kHz
SWT 2.5 ms

Marker 1 [T1 ]

41.30 dBm
2.441980769 GHz

-20 OBW [1.083333333 MHz
Temp |1 [T1 OfW]
L_30- -58.65 dem|iEM
2.441458128 GHz
1 PK] Temp [2 [T1 ogw]
M= |, 1 5453 dBm
M% 2.442538462 GHz
T v\\\«%z
~-60

I

-120

Center 2.442 GHz

200 kHz/

span 2 MHz
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6dB Bandwidth 99% Bandwidth
Variant #3 Variant #3
Channel: high Channel: high

RBW 100 kHz Marker 1 [T1 ] “RBW 100 kHz Marker 1 [T1 ]
VBW 300 kHz -43.47 dBm VBW 300 kHz -44.18 dBm
Ref -20 dBm Att 5 dB SWT 2.5 ms 2.480233974 GHz Ref -20 dBm Att 5 dB SWT 2.5 ms 2.480240385 GHz
-20 ndB [[T1] .00 dB -20 OoBW 1.04807¢923 MHz
BW 663.46153§462 kHz Temp [1 [T1 OBW]
L. Temp |1 [T1 ndB] L a0 57.85 dBm
-49.33 dBm 2.479461949 GHz
1 PK 2.47965(0641 GHz 1 PK] Temp |2 [T1 OBW]
MED . PR o MED P

F-40: T

3 59 2: -
-49.49 dBm 2.480514026 GHz

WMW%Z 2. 480314103 oz | WWW""M
-50 i N
1 8

F -90
L. -100
—-110 F-110
-120 -120
Center 2.48 GHz 200 kHz/ Span 2 MHz Center 2.48 GHz 200 kHz/ Span 2 MHz
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6 FUNDAMENTAL EMISSION OUTPUT POWER

Test Requirement: 47 CFR, § 15.247
RSS-247,5.4

Test Procedure: 558074 D01 DTS Meas Guidance
RSS-Gen, 6.12

6.1 Regulation

§15.247 Operation within the bands 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.

(b) The maximum peak conducted output power of the intentional radiator shall not exceed the following:

(3) For systems using digital modulation in the 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz bands:
1 Watt. As an alternative to a peak power measurement, compliance with the one Watt limit can be based on
a measurement of the maximum conducted output power. Maximum Conducted Output Power is defined as
the total transmit power delivered to all antennas and antenna elements averaged across all symbols in the
signaling alphabet when the transmitter is operating at its maximum power control level. Power must be
summed across all antennas and antenna elements. The average must not include any time intervals during
which the transmitter is off or is transmitting at a reduced power level. If multiple modes of operation are
possible (e.g., alternative modulation methods), the maximum conducted output power is the highest total
transmit power occurring in any mode.

(4) The conducted output power limit specified in paragraph (b) of this section is based on the use of
antennas with directional gains that do not exceed 6 dBi. Except as shown in paragraph (c) of this section, if
transmitting antennas of directional gain greater than 6 dBi are used, the conducted output power from the
intentional radiator shall be reduced below the stated values in paragraphs (b)(1), (b)(2), and (b)(3) of this
section, as appropriate, by the amount in dB that the directional gain of the antenna exceeds 6 dBi.

RSS-247, 5.4 Transmitter output power and equivalent isotropically radiated power (e.i.r.p.)
requirements

Devices shall comply with the following requirements, where applicable:

d) For DTSs employing digital modulation techniques operating in the bands 902-928 MHz and 2400-2483.5
MHz, the maximum peak conducted output power shall not exceed 1 W. The e.i.r.p. shall not exceed 4 W,
except as provided in section 5.4(e).

As an alternative to a peak power measurement, compliance can be based on a measurement of the
maximum conducted output power. The maximum conducted output power is the total transmit power
delivered to all antennas and antenna elements, averaged across all symbols in the signalling alphabet when
the transmitter is operating at its maximum power control level. Power must be summed across all
antennas and antenna elements. The average must not include any time intervals during which the
transmitter is off or transmitting at a reduced power level. If multiple modes of operation are implemented,
the maximum conducted output power is the highest total transmit power occurring in any mode.
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6.2 Test Equipment

Type Manufacturer/ Model No. | EMCC Ident | Last Next
No. Calibration Calibration
Double Ridged Guide Ant. Schwarzbeck / BBHA 3235 2017-05 2019-05
9120D
Spectrum Analyzer R&S / FSU50 3831 2016-08 2017-08
Digital Multimeter Agilent / U124B 3880 2016-05 2018-05
Web-Thermo-Hygrobarograph |W&T /57613 Web-T/Rh/P 4717 2016-04 2018-04
DC Power Supply Tektronix / PWS205 4721 n/a n/a
RF cable assembly Rosenberger / LA2-025- 5616 2016-08 2017-08
7000

6.3 Test Procedures
558074 D01 DTS Meas Guidance, 9.0 Fundamental emission output power

9.1.1 RBW = DTS bandwidth
This procedure shall be used when the measurement instrument has available a resolution bandwidth that is
greater than the DTS bandwidth.

a) Set the RBW = DTS bandwidth.

b) Set VBW = 3 x RBW.

c) Set span =2 3 x RBW

d) Sweep time = auto couple.

e) Detector = peak.

f) Trace mode = max hold.

g) Allow trace to fully stabilize.

h) Use peak marker function to determine the peak amplitude level

RSS-Gen, 6.12 Transmitter Output Power
If the RF output power is internally or externally adjustable or remotely controllable, set or control the power
to the maximum rating of the range for which equipment certification is sought.

Except where otherwise specified, tests shall be performed at the ambient temperature, at the
manufacturer's rated supply voltage and power, and with the transmitter modulating signal representative
(i.e. typical) of those encountered in a real system operation.

If the antenna is not detachabile, field strength measurements shall be made using a calibrated open area
test site or alternative test site.

The following formula may be used to convert field strength (FS) in volts/metre to transmitter output power
(TP) in watts:

TP = (FS x D)%(30 x G)

where D is the distance in metres between the two antennas and G is the antenna numerical gain referenced
to isotropic gain. (Note: When performing radiated measurements on an open area test site or alternative
test site, the influence of the metal ground plane on the maximum field strength value should be considered
before calculating TP.)

Measure and record the transmitter output power using a measurement bandwidth equal to or greater than
the emission bandwidth of the transmitter, or use power summation as described above. When power
summation is used, the transmitter output power shall be integrated over the equipment's occupied
bandwidth.
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6.4 Power calculation

The conducted power can be calculated from a receiver’s reading by the use of the following equation:
Peonda = RA+AF + CF +201log D - 104.77 - G

where
Pcong = conducted output power in dBm
RA = Receiver Amplitude in dBuV
AF = Antenna Factor in dB(1/m)
CF = Cable Attenuation Factor in dB
D = specified measurement distance in meters
G = gain of the antenna in dBi

Assume a receiver reading RA of 67.3 dBuV is obtained in a measurement distance of 3m. The Antenna
Factor AF of 27.6 dB(1/m), Cable Factor CF of 1.6 dB, a constant of 104.77, the distance, expressed in
logarithmic terms 20*log(3m) and the gain of the RX antenna of 2 dBi resulting in a conducted output power
of -0.7 dBm.

The equivalent isotropic radiated power can be calculated from a receiver’s reading by the use of the
following equation:

Pere = RA + AF + CF + 20 log D - 104.77

where
Perp = equivalent isotropic radiated power in dBm
RA = Receiver Amplitude in dBuV
AF = Antenna Factor in dB(1/m)
CF = Cable Attenuation Factor in dB
D = specified measurement distance in meters

Assume a receiver reading RA of 67.3 dBuV is obtained in a measurement distance of 3m. The Antenna
Factor AF of 27.6 dB(1/m), Cable Factor CF of 1.6 dB, a constant of 104.77, the distance, expressed in
logarithmic terms 20*log(3m) resulting in a EIRP power of 1.3 dBm.

© EMCCons DR. RASEK GmbH & Co. KG 2017

110010ZBA



Test Report # EMCC-110010ZBA

EMCC™ Page 23 of 91

DR. RASEK Issue Date: 2017-10-06
Test of EnOcean GmbH TCM 515B to 47 CFR § 15.247 and RSS-247 Issue 2

6.5 Test Result

Conducted output power

PK-
EUT | Channel [R32419 @ [dB?’lF/m)] [dc;] [(iﬁ‘ailiri [ZE’:;:] [bié",i.t] M[Z’S]i "
[dBuV]
#1 low 75.0 27.6 1.6 5 4.0 30 26.0
#1 middle 73.2 27.6 1.6 5 2.2 30 27.8
#1 high 75.5 27.6 1.6 5 4.5 30 255
#2 low 70.2 27.6 1.6 2 2.2 30 27.8
#2 middle 70.5 27.6 1.6 2 25 30 275
#2 high 70.6 27.6 1.6 2 2.6 30 274
#3 low 65.9 27.6 1.6 0 -0.1 30 30.1
#3 middle 63.1 27.6 1.6 0 -2.9 30 32.9
#3 high 63.3 27.6 1.6 0 2.7 30 32.7
Equivalent isotropically radiated power
eur | chamel [@3mast | it | S5 | faw | Lmit | Merg
[dBuV]
#1 low 75.0 27.6 1.6 9.0 36 27.0
#1 middle 73.2 27.6 1.6 7.2 36 28.8
#1 high 75.5 27.6 1.6 9.5 36 26.5
#2 low 70.2 27.6 1.6 4.2 36 31.8
#2 middle 70.5 27.6 1.6 4.5 36 31.5
#2 high 70.6 27.6 1.6 46 36 314
#3 low 65.9 27.6 1.6 -0.1 36 36.1
#3 middle 63.1 27.6 1.6 -2.9 36 38.9
#3 high 63.3 27.6 1.6 2.7 36 38.7
Manufacturer: EnOcean GmbH
Device: TCM 515B
Serial No: 434501000092
434501000089
434501000062
Test date: 2017-06-29

The EUT meets the requirements of this section.
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6.6 Detailed Measurement Data

Fundamental emission output power
Variant #1
Channel: low

Fundamental emission output power
Variant #1
Channel: middle

RBW 3 MHz Marker 1 [T1 ] “RBW 3 MHz Marker 1 [T1 ]
VBW 10 MHz 75.00 dBuv VBW 10 MHz 73.21 dBuv
Ref 87 dBuv ALt 5 dB SWT 2.5 ms 2.401679487 GHz Ref 87 dBuv Att 5 dB SWT 2.5 ms 2.441855769 GHz
[ I e . L]
et
|, L] T | N
VIEW / \
60 \\ ~60-
»50/ /
I-40 40
I-30 [~30:
I-20 20
-10 10
-0
Center 2.402 GHz 1 MHz/ Span 10 MHz Center 2.442 GHz 1 MHz/ Span 10 MHz
Fundamental emission output power Fundamental emission output power
Variant #1 Variant #2
Channel: high Channel: low
“RBW 3 MHz Marker 1 [T1 ] RBW 3 MHz Marker 1 [T1 ]
VBW 10 MHz 75.48 dBuv VBW 10 MHz 70.21 dBuv
Ref 87 dBuv Att 5 dB SWT 2.5 ms 2.480144231 GHz Ref 87 dBuv Att 5 dB SWT 2.5 ms 2.402112179 GHz
l Ll L i
. 4+ 1
B | o L—] I B | ¥
MEn VIEW] [ —] \
I-60: [~60: \\
50 50 \
40 [~40
[-30 3DB 30 DB
I-20 20
-10 10
Center 2.48 GHz 1 MHz/ Span 10 MHz Center 2.402 GHz 1 MHz/ Span 10 MHz

Note: the plots above are showing the analyzer’s reading in a distance of 3 m.
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Fundamental emission output power Fundamental emission output power
Variant #2 Variant #2
Channel: middle Channel: high
RBW 3 MHz Marker 1 [T1 ] RBW 3 MHz Marker 1 [T1 ]
VBW 10 MHz 70.52 dBupv VBW 10 MHz 70.58 dBuv
Ref 87 dBuv Att 5 dB SWT 2.5 ms 2.441583333 GHz Ref 87 dBuv Att 5 dB SWT 2.5 ms 2.479679487 GHz
I-80 80 “
MED [7° = — \1“3( [-70 .4 e
™ L ™ Lo L ™
I 20 %
10 10
Center 2.442 GHz 1 MHz/ Span 10 MHz Center 2.48 GHz 1 MHz/ Span 10 MHz
Fundamental emission output power Fundamental emission output power
Variant #3 Variant #3
Channel: low Channel: middle
RBW 3 MHz Marker 1 [T1 ] “RBW 3 MHz Marker 1 [T1 ]
VBW 10 MHz 65.94 dBuv VBW 10 MHz 63.12 dBuv
Ref 87 dBuv ALt 5 dB SWT 2.5 ms 2.401759615 GHz Ref 87 dBuv Att 5 dB SWT 2.5 ms 2.441679487 GHz
I-80 80 “
30 = 30
o
Center 2.402 GHz 1 MHz/ Span 10 MHz Center 2.442 GHz 1 MHz/ Span 10 MHz

Note: the plots above are showing the analyzer’s reading in a distance of 3 m.
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Fundamental emission output power
Variant #3
Channel: high

RBW 3 MHZz Marker 1 [T1 ]
VBW 10 MHz 63.33 dBuv
Ref 87 dBuv Att 5 dB SWT 2.5 ms 2.479759615 GHz

80

70

50

L] ™

20

10

Center 2.48 GHz 1 MHz/ Span 10 MHz

Note: the plots above are showing the analyzer’s reading in a distance of 3 m.
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7 POWER SPECTRAL DENSITY

Test Requirement: 47 CFR, § 15.247
RSS-247,5.2
Test Procedure: 558074 D01 DTS Meas Guidance

7.1 Regulation

§15.247 Operation within the bands 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.

(e) For digitally modulated systems, the power spectral density conducted from the intentional radiator to the
antenna shall not be greater than 8 dBm in any 3 kHz band during any time interval of continuous
transmission. This power spectral density shall be determined in accordance with the provisions of
paragraph (b) of this section. The same method of determining the conducted output power shall be used to
determine the power spectral density.

RSS-247, 5.2 Digital transmission systems

DTSs include systems that employ digital modulation techniques resulting in spectral characteristics similar
to direct sequence systems. The following applies to the bands 902-928 MHz and 2400-2483.5 MHz:

b) The transmitter power spectral density conducted from the transmitter to the antenna shall not be greater
than 8 dBm in any 3 kHz band during any time interval of continuous transmission. This power spectral
density shall be determined in accordance with the provisions of section 5.4(d), (i.e. the power spectral
density shall be determined using the same method as is used to determine the conducted output power).

7.2 Test Equipment

Type Manufacturer/ Model EMCC Last Next
No. Ident No. |Calibration |Calibration
Double Ridged Guide Ant. Schwarzbeck / BBHA 3235 2017-05 2019-05
9120D
Spectrum Analyzer R&S / FSU50 3831 2016-08 2017-08
Digital Multimeter Agilent / U124B 3880 2016-05 2018-05
Web-Thermo-Hygrobarograph [W&T / 57613 Web-T/Rh/P | 4717 2016-04 2018-04
DC Power Supply Tektronix / PWS205 4721 n/a n/a
RF cable assembly Rosenberger / LA2-025- 5616 2016-08 2017-08
7000
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7.3 Test Procedures

558074 D01 DTS Meas Guidance, 10.0 Maximum power spectral density level in the fundamental
emission

10.2 Method PKPSD (peak PSD)

This procedure shall be used if maximum peak conducted output power was used to demonstrate
compliance, and is optional if the maximum conducted (average) output power was used to demonstrate
compliance.

a) Set analyzer center frequency to DTS channel center frequency.

b) Set the span to 1.5 times the DTS bandwidth.

c) Set the RBW to: 3 kHz < RBW < 100 kHz.

d) Set the VBW = 3 x RBW.

e) Detector = peak.

f) Sweep time = auto couple.

g) Trace mode = max hold.

h) Allow trace to fully stabilize.

i) Use the peak marker function to determine the maximum amplitude level within the RBW.
j) If measured value exceeds limit, reduce RBW (no less than 3 kHz) and repeat.

7.4 Power calculation

The power spectral density per defined bandwidth can be calculated from a receiver’s reading by the use of
the following equation:

Ppsp =RA+AF + CF +20log D - 104.77 - G

where
Ppsp = power spectral density in dBm per defined bandwidth
RA = Receiver Amplitude in dBuV
AF = Antenna Factor in dB(1/m)
CF = Cable Attenuation Factor in dB
D = specified measurement distance in meters
G = gain of the antenna in dBi

Assume a receiver reading RA of 54.5 dBuV with a RBW of 3 kHz is obtained in a measurement distance of
3m. The Antenna Factor AF of 27.6 dB(1/m), Cable Factor CF of 1.6 dB, a constant of 104.77, the distance,
expressed in logarithmic terms 20*log(3m) and the gain of the RX antenna of 2 dBi resulting in a power
spectral density of -13.5 dBm / 3 kHz.
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7.5 Test Result

Power Spectral Density

PK- ; P P ;
. AF CF Gain PSD Limit Margin
EUT Channel | Reading . [dBm /
[dBuV] [dB(1/m)] [dB] [dBi] 3 kHz] [dBm] [dB]
#1 low 63.1 27.6 1.6 5 -7.9 8 15.9
#1 middle 61.3 27.6 1.6 5 9.7 8 17.7
#1 high 62.1 27.6 1.6 5 -8.9 8 16.9
#2 low 57.9 27.6 1.6 2 -10.1 8 18.1
#2 middle 56.7 27.6 1.6 2 -11.3 8 19.3
#2 high 59.8 27.6 1.6 2 -8.2 8 16.2
#3 low 50.7 27.6 1.6 0 -15.3 8 23.3
#3 middle 50.7 27.6 1.6 0 -15.3 8 23.3
#3 high 52.5 27.6 1.6 0 -13.5 8 215
Manufacturer: EnOcean GmbH
Device: TCM 515B
Serial No: 434501000092
434501000089
434501000062
Test date: 2017-06-29

The EUT meets the requirements of this section.
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7.6 Detailed Measurement Data

Power Spectral Density
Variant #1
Channel: low

*RBW 3 kHz Marker 1 [T1 ]

Power Spectral Density
Variant #1
Channel: middle

RBW 3 kHz Marker 1 [T1 ]

'

Center 2.48 GHz 100 kHz/ Span 1 MHz

“VBW 10 kHz 63.08 dBuv “VBW 10 kHz 61.28 dBuv
Ref 87 dBuv Att 5 dB SWT 115 ms 2.401993590 GHz Ref 87 dBuv Att 5 dB SWT 115 ms 2.441993590 GHz
~80: m 180
[A]
1P 1 Pl
VIEW | [V IEW]
1 1
e o [T W,x
Lo W“"{nm /\L»w“"r W
WVV"’ LA Mf‘ A W
40
~30 3DB
=20
=10 1
= =10
‘Center 2.402 GHz 100 kHz/ Span 1 MHz Center 2.442 GHz 100 kHz/ Span 1 MHz
Power Spectral Density Power Spectral Density
Variant #1 Variant #2
Channel: high Channel: low
“RBW 3 kHz Marker 1 [T1 ] “RBW 3 kHz Marker 1 [T1 ]
VBW 10 kHz 62.14 dBuv “VBW 10 kHz 57.88 dBuv
Ref 87 dBupv Att 5 dB SWT 115 ms 2.479985577 GHz Ref 87 dBuv Att 5 dB SWT 115 ms 2.401982372 GHz
M |
LAl
1 PK 1 PK}
MEm ViEW
1
x

. AWWWMWM .,

F-10

Center 2.402 GHz 100 kHz/ Span 1 MHz

Note: the plots above are showing the analyzer’s reading in a distance of 3 m.
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Power Spectral Density
Variant #2
Channel: middle

RBW 3 kHz varker 1 [T1 ]
“VBW 10 kHz 56.70 dBpV
Ref 87 dBuv Att 5 dB SWT 115 ms 2.441894231 GHz
~80 m
1 PK
[VIEW] o
=60,

!
3
5
:
g
:

Center 2.442 GHz 100 kHz/ Span 1 MHz

Power Spectral Density
Variant #2
Channel: high

RBW 3 kHz Marker 1 [T1 ]
VBW 10 kHz 59.77 dBuV
Ref 87 dBuV Att 5 dB SWT 115 ms 2.479982372 GHz
1 PK]
[V IEW] 70
1
Leo ¥

N WMMW’WWW

Center 2.48 GHz 100 kHz/ Span 1 MHz

Power Spectral Density
Variant #3
Channel: low

“RBW 3 kHz
“VBW 10 kHz
SWT 115 ms

Marker 1 [T1 ]
50.70 dBpvV

Ref 87 dBuv Att 5 dB 2.402116987 GHz

N

o Lo

Center 2.402 GHz 100 kHz/ Span 1 MHz

Power Spectral Density
Variant #3
Channel: middle

RBW 3 kHz Marker 1 [T1 ]

“VBW 10 kHz 50.65 dBuv
Ref 87 dBuvV Att 5 dB SWT 115 ms 2.441959936 GHz
\|
1 P L.
[V IEW|
1
W (L
JTOn. W MWMMI
e a

F-10

Center 2.442 GHz 100 kHz/ Span 1 MHz

Note: the plots above are showing the analyzer’s reading in a distance of 3 m.
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Power Spectral Density
Variant #3
Channel: high

RBW 3 kHz Marker 1 [T1 ]
“VBW 10 kHz 52.52 dBpv
Ref 87 dBuv Att 5 dB SWT 115 ms 2.479987179 GHz

N

~80.

Center 2.48 GHz 100 kHz/ Span 1 MHz

Note: the plots above are showing the analyzer’s reading in a distance of 3 m.
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8 BAND-EDGE COMPLIANCE

Test Requirement: 47 CFR, §§ 15.209, 15.247
RSS-247, 5.5; RSS-Gen 8.9

Test Procedure: 558074 D01 DTS Meas Guidance
ANSI C63.10

8.1 Regulation

§15.247 Operation within the bands 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.

(d) In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally
modulated intentional radiator is operating, the radio frequency power that is produced by the intentional
radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that contains the highest
level of the desired power, based on either an RF conducted or a radiated measurement, provided the
transmitter demonstrates compliance with the peak conducted power limits. If the transmitter complies with
the conducted power limits based on the use of RMS averaging over a time interval, as permitted under
paragraph (b)(3) of this section, the attenuation required under this paragraph shall be 30 dB instead of 20
dB. Attenuation below the general limits specified in §15.209(a) is not required. In addition, radiated
emissions which fall in the restricted bands, as defined in §15.205(a), must also comply with the radiated
emission limits specified in §15.209(a) (see §15.205(c)).

§15.209 Radiated emission limits; general requirements
(a) Except as provided elsewhere in this subpart, the emissions from an intentional radiator shall not exceed
the field strength levels specified in the following table:

Frequency Field Strength Measurement distance
[MHz] [MV/m] [dB(uV/m)] [m]
30-88 100** 40 3
88-216 150** 43.5 3
216-960 200** 46.0 3
Above 960 500 54 3

**Except as provided in paragraph (g), fundamental emissions from intentional radiators operating under this
section shall not be located in the frequency bands 54-72 MHz, 76-88 MHz, 174-216 MHz or 470-806 MHz.
However, operation within these frequency bands is permitted under other sections of this part, e.g.,
§8§15.231 and 15.241.

(b) In the emission table above, the tighter limit applies at the band-edges.

(c) The level of any unwanted emissions from an intentional radiator operating under these general
provisions shall not exceed the level of the fundamental emission. For intentional radiators which operate
under the provisions of other sections within this part and which are required to reduce their unwanted
emissions to the limits specified in this table, the limits in this table are based on the frequency of the
unwanted emission and not the fundamental frequency. However, the level of any unwanted emissions shall
not exceed the level of the fundamental frequency.

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

(e) The provisions in §§ 15.31, 15.33, and 15.35 for measuring emissions at distances other than the
distances specified in the above table, determining the frequency range over which radiated emissions are to
be measured, and limiting peak emissions apply to all devices operated under this part.
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RSS-247, 5.5 Unwanted emissions

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 dB below that in the 100 kHz
bandwidth within the band that contains the highest level of the desired power, based on either an RF
conducted or a radiated measurement, provided that the transmitter demonstrates compliance with the peak
conducted power limits. If the transmitter complies with the conducted power limits based on the use of root-
mean-square averaging over a time interval, as permitted under section 5.4(d), the attenuation required shall
be 30 dB instead of 20 dB. Attenuation below the general field strength limits specified in RSS-Gen is not
required.

RSS-Gen, 8.9 Transmitter Emission Limits for Licence-Exempt Radio Apparatus

Except when the requirements applicable to a given device state otherwise, emissions from licence-exempt
transmitters shall comply with the field strength limits shown in Table 4 and Table 5 below. Additionally, the
level of any transmitter emission shall not exceed the level of the transmitter’'s fundamental emission.

Table 4 — General Field Strength Limits for Licence-Exempt Transmitters at Frequencies Above 30

MHz
Frequency (MHz) Field Strength (uv/m at 3 metres
30-88 100
88-216 150
216-960 200
Above 960 500

Footnote

Unless otherwise specified, for all frequencies greater than 1 GHz, the radiated emission limits for licence-
exempt radio apparatus stated in applicable RSSs (including RSS-Gen) are based on measurements using a
linear average detector function having a minimum resolution bandwidth of 1 MHz. If an average limit is
specified for the EUT, then the peak emission shall also be measured with instrumentation properly adjusted
for such factors as pulse desensitization to ensure the peak emission is less than 20 dB above the average
limit.

Note: Transmitting devices are not permitted in restricted frequency bands unless stated otherwise in the
specific RSS.
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8.2 Test Equipment

Type Manufacturer/ Model No. | EMCC Ident | Last Next
No. Calibration Calibration
Double Ridged Guide Ant. Schwarzbeck / BBHA 3235 2017-05 2019-05
9120D
Spectrum Analyzer R&S / FSU50 3831 2016-08 2017-08
Digital Multimeter Agilent / U124B 3880 2016-05 2018-05
Web-Thermo-Hygrobarograph |W&T /57613 Web-T/Rh/P 4717 2016-04 2018-04
DC Power Supply Tektronix / PWS205 4721 n/a n/a
RF cable assembly Rosenberger / LA2-025- 5616 2016-08 2017-08
7000

8.3 Test Procedures
558074 D01 DTS Meas Guidance, 12.0 Emissions in restricted frequency bands

The DTS rules specify that emissions which fall into restricted frequency bands shall comply with the general
radiated emission limits.

12.1 Radiated emission measurements

Since the emission limits are specified in terms of radiated field strength levels, measurements performed to
demonstrate compliance have traditionally relied on a radiated test configuration. Radiated measurements
remain the principal method for demonstrating compliance to the specified limits; however antenna-port
conducted measurements are also now acceptable to demonstrate compliance (see below for details). When
radiated measurements are utilized, test site requirements and procedures for maximizing and measuring
radiated emissions that are described in ANSI C63.10 shall be followed.

ANSI C63.10, 6.10.6 Marker-delta method

6.10.6.2 Marker-delta procedure
The following procedure shall be used for the marker-delta method:

a) Perform an in-band field strength measurement of the fundamental emission using the RBW and detector
function required for the frequency being measured. For example, for a device operating in the 902 MHz to
928 MHz band,56 use a 120 kHz RBW with a CISPR QP detector (a peak detector with 100 kHz RBW
alternatively may be used). For transmitters operating above 1 GHz, use a 1 MHz RBW, a 3 MHz VBW, and
a peak detector, as required. Repeat the measurement with an average detector (or alternatively, a peak
detector and reduced VBW). For pulsed emissions, other factors shall be included; see 4.1.4.2.6.

b) Choose an EMI receiver or spectrum analyzer span that encompasses both the peak of the fundamental
emission and the band-edge emission under investigation. Set the instrument RBW to 1% of the total span
(but never less than 30 kHz), with a VBW equal to or greater than three times the RBW. Record the peak
levels of the fundamental emission and the relevant band-edge emission (i.e., run several sweeps in peak
hold mode). Observe the stored trace and measure the amplitude delta between the peak of the fundamental
and the peak of the band-edge emission. This is not an absolute field strength measurement; it is only a
relative measurement to determine the amount by which the emission drops at the band-edge relative to the
highest fundamental emission level.

c) Subtract the delta measured in step b) from the field strengths measured in step a). The resulting field
strengths (CISPR QP, average, or peak, as appropriate) are then used to determine band-edge emissions
compliance, where required.
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8.4 Calculation of Field Strength Limits

E.g. radiated spurious emissions field strength limits acc. to §15.209 for frequencies above 960 MHz:
500 pV/m at 3 meters

Using the equation:

Edsuvim = 20 * log ( Eyvim )

where
Egsuvm = Field Strength in logarithmic units (dBuV/m)
E,vm = Field Strength in linear units (uV/m)

A field strength limit of 500 yV/m corresponds with 54 dBuV/m.

8.5 Field Strength Calculation

The field strength is calculated by adding the Antenna Factor and Cable Factor. The basic equation with a
sample calculation is as follows:

FS=RA+ AF +CF
where
FS = Field Strength in dBuV/m
RA = Receiver Amplitude in dBuV
AF = Antenna Factor in dB(1/m)
CF = Cable Attenuation Factor in dB

Assume a receiver reading of 19.4 dBuV is obtained. The Antenna Factor of 27.6 dB(1/m) and a Cable
Factor of 1.6 dB are added, giving a field strength of 48.6 dBuV/m. The 48.6 dBuV/m value can be
mathematically converted to its corresponding level in yV/m.

FS=19.4+27.6 + 1.6 =48.6 [dBuV/m]
Level in yV/m = Common Antilogarithm (48.6/20) = 269

All emission measurements described in this chapter performed using the EMI receiver’s transducer factor
setting capability, i.e. the peak field strength value at the test distance was measured directly without the
necessity of additional correction factors.

For average measurements, the measured peak field strength is corrected additionally by a Duty Cycle
correction factor DCF. Please refer to chapter 2.6 for details.

FSay = FS + DCF

where
FSav = Average Field Strength in dBuV/m
FS = Peak Field Strength in dBuV/m
DCF = Correction Factor in dB

Assuming a peak field strength of 48.6 dBuV/m, the value for the average field strength with a Duty Cycle
correction factor DCF of -10.5 dB corresponds with 38.1 dBuV/m.
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8.6 Marker-Delta Method Calculation

According to ANSI-C63.10:2013, the Marker-Delta-Method has to be performed in three steps:

Step 1:
The field strength of the fundamental is measured with a RBW of 1 MHz, leading to a value FFS
(Fundamental Field Strength) in dBuV/m.

Step 2:
The second step demands a measurement with reduced RBW to determine a delta value (DELTA) between
the fundamental and the highest level outside the band.

Step 3:
The result is calculated by subtracting the delta value obtained in step 2 from the fundamental field strength
obtained in step 1.

The equation used for the calculation is:
FS =FFS -DELTA
where
FS = Field Strength of the out of band emission in dBuV/m

FFS = Fundamental field strength with RBW = 1 MHz in dBpV/m
DELTA = Delta between fundamental and out of band emission with reduced RBW in dB
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8.7 Test Result

Band-edge Emissions — Lower Edge
Channel: low

EUT  |Freq.[MHz]| Detector P['fj'BR:sfr:]g E:ICI:BI; : dr‘l;eusv“l';] : d'g':\i/t/:n] M[zrgli"
#1 2400 PK 55.6 0.0 55.6 74 18.4
#1 2400 PK 55.6 14.0 416 54 12.4
#1 2385 PK 57.9 0.0 57.9 74 16.1
#1 2382 PK 57.9 14.0 43.9 54 10.1
#2 2400 PK 46.2 0.0 46.2 74 27.8
#2 2400 PK 46.2 -14.0 32.2 54 21.8
#2 2377 PK 536 0.0 53.6 74 20.4
#2 2377 PK 53.6 14.0 39.6 54 14.4
#3 2400 PK 50.5 0.0 50.5 74 235
#3 2400 PK 50.5 14.0 36.5 54 175

* Note: Limits acc. to 47 CFR §15.209 resp. RSS-Gen 8.9 were used as worst case consideration.

Band-edge Emissions — Upper Edge

Channel: high
Freq FFS | DELTA | DcF | ReSY | |imit | Margin
=4 [MHz] | Petector | 1uByvim] |  [dB] [dB] (FS) | 1aBuvim] |  [dB]
[dBpV/m]
#1 2484.1 PK 103.2 54.3 0.0 48.9 74 25.1
#1 2484.1 AV 102.2 54.3 14.0 33.9 54 20.1
#2 2483.8 PK 99.9 525 0.0 47.4 74 26.6
#2 2483.8 AV 98.9 525 14.0 32.4 54 216
#3 2483.9 PK 94.7 50.8 0.0 43.9 74 30.1
#3 2483.9 AV 91.8 50.8 14.0 27.0 54 27.0
Manufacturer: EnOcean GmbH
Device: TCM 515B
Serial No: 434501000092
434501000089
434501000062
Test date: 2017-01-30

The EUT meets the requirements of this section.
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8.8 Detailed Measurement Data

Band-Edge Compliance — Lower Edge
Variant #1
Channel: low

“RBW 100 kHz
VBW 300 kHz

Marker 1 [T1 ]
102.06 dBuV/m

Ref 130 dBuV/m “Att 10 dB SWT 10 ms 2.402115385 GHz
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Band-Edge Compliance — Upper Edge
Variant #1 — 100 kHz BW
Channel: high

“RBW 100 kHz
“VBW 300 kHz

Delta 2 [T1 ]
-54.29 dB

Ref 130 dBuV/m “Att 10 dB SWT 5 ms 3.557692308 MHz
130 Markdr 1 [T1[]
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1 P
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F110

A Tor
100

]
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/

e WWWWMMW
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30
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Band-Edge Compliance — Lower Edge
Variant #2
Channel: low

RBW 100 kHz
VBW 300 kHz

Marker 1 [T1 ]
98.52 dBuV/m

Ref 130 dBuV/m “Att 10 dB SWT 10 ms 2.402115385 GHz
130 Markdr 2 [T1[1
46.42 dBuV/m
L 2.400000000 GHz[IEM
varkgr $ [T1(]
1 PK 53.59 dBuv/m
MED e

60
3 ‘l
D1 54 dg* J
=50 J
A AV M bt AN V\WI{JM“ LM‘J»
F1
30 ‘
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Band-Edge Compliance — Upper Edge
Variant #2 — 100 kHz BW
Channel: high

“RBW 100 kHz
VBW 300 kHz

Delta 2 [T1 ]
-52.49 dB

Ref 130 dBuv/m “Att 10 dB SWT 5 ms 3.541666667 MHz
130 Markdr 1 [T1[]
99.7% dBuv/m
120 2.479974359 GHz
1 PK]
MED |,
1 DF
100 /\}\\
1o J\w
RS SRTWETY VA WYY AT )
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30
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Band-Edge Compliance — Lower Edge
Variant #3
Channel: low

RBW 100 kHz
VBW 300 kHz

varker 1 [T1 ]
95.21 dBuv/m

Ref 130 dBuV/m Att 10 dB SWT 10 ms 2.402115385 GHz
130 Markdr i1
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Band-Edge Compliance — Upper Edge
Variant #3 — 100 kHz BW
Channel: high

RBW 100 kHz
VBW 300 kHz
SWT 5 ms

Delta 2 [T1 ]
-50.75 dB
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Ref 130 dBuv/m “Att 10 dB
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Band-Edge Compliance — Fundamental PK
Variant #1
Channel: high

“RBW 1 MHz Marker 1 [T1 ]
VBW 3 MHz 103.22 dBuvV/m
Ref 130 dBuv/m Att 20 dB SWT 2.5 ms 2.480192308 GHz
130
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9 RADIATED EMISSIONS 9 kHz - 30 MHz

Test requirement: 47 CFR, §§ 15.247, 15.209
RSS-247, 5.5; RSS-Gen, 8.9
Test procedure: ANSI| C63.10

9.1 Regulation

§15.247 Operation within the bands 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.

(d) In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally
modulated intentional radiator is operating, the radio frequency power that is produced by the intentional
radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that contains the highest
level of the desired power, based on either an RF conducted or a radiated measurement, provided the
transmitter demonstrates compliance with the peak conducted power limits. If the transmitter complies with
the conducted power limits based on the use of RMS averaging over a time interval, as permitted under
paragraph (b)(3) of this section, the attenuation required under this paragraph shall be 30 dB instead of 20
dB. Attenuation below the general limits specified in §15.209(a) is not required. In addition, radiated
emissions which fall in the restricted bands, as defined in §15.205(a), must also comply with the radiated
emission limits specified in §15.209(a) (see §15.205(c)).

§15.209 Radiated emission limits; general requirements
(a) Except as provided elsewhere in this subpart, the emissions from an intentional radiator shall not exceed
the field strength levels specified in the following table:

Frequency Field Strength Measurement distance
[MHz] [MV/m] [dB(pV/m)] [m]
0.009-0.490 2400/F[kHz] 67.6 — 20 logF[kHz] 300
0.490-1.705 24000/F[kHz] 87.6 — 20 logF[kHz] 30
1.705-30.0 30 295 30

**Except as provided in paragraph (g), fundamental emissions from intentional radiators operating under this
section shall not be located in the frequency bands 54-72 MHz, 76-88 MHz, 174-216 MHz or 470-806 MHz.
However, operation within these frequency bands is permitted under other sections of this part, e.g.,
§§15.231 and 15.241.

(b) In the emission table above, the tighter limit applies at the band-edges.

(c) The level of any unwanted emissions from an intentional radiator operating under these general
provisions shall not exceed the level of the fundamental emission. For intentional radiators which operate
under the provisions of other sections within this part and which are required to reduce their unwanted
emissions to the limits specified in this table, the limits in this table are based on the frequency of the
unwanted emission and not the fundamental frequency. However, the level of any unwanted emissions shall
not exceed the level of the fundamental frequency.

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

(e) The provisions in §§ 15.31, 15.33, and 15.35 for measuring emissions at distances other than the
distances specified in the above table, determining the frequency range over which radiated emissions are to
be measured, and limiting peak emissions apply to all devices operated under this part.
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RSS-247, 5.5 Unwanted emissions

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 dB below that in the 100 kHz
bandwidth within the band that contains the highest level of the desired power, based on either an RF
conducted or a radiated measurement, provided that the transmitter demonstrates compliance with the peak
conducted power limits. If the transmitter complies with the conducted power limits based on the use of root-
mean-square averaging over a time interval, as permitted under section 5.4(d), the attenuation required shall
be 30 dB instead of 20 dB. Attenuation below the general field strength limits specified in RSS-Gen is not
required.

RSS-Gen, 8.9 Transmitter Emission Limits for Licence-Exempt Radio Apparatus

Except when the requirements applicable to a given device state otherwise, emissions from licence-exempt
transmitters shall comply with the field strength limits shown in Table 4 and Table 5 below. Additionally, the
level of any transmitter emission shall not exceed the level of the transmitter’'s fundamental emission.

Table 4 — General Field Strength Limits for Licence-Exempt Transmitters at Frequencies Above 30

MHz
Frequency (MHz) Field Strength (uv/m) at 3 metres
30-88 100
88-216 150
216-960 200
Above 960 500

Footnote

Unless otherwise specified, for all frequencies greater than 1 GHz, the radiated emission limits for licence-
exempt radio apparatus stated in applicable RSSs (including RSS-Gen) are based on measurements using a
linear average detector function having a minimum resolution bandwidth of 1 MHz. If an average limit is
specified for the EUT, then the peak emission shall also be measured with instrumentation properly adjusted
for such factors as pulse desensitization to ensure the peak emission is less than 20 dB above the average
limit.

Note: Transmitting devices are not permitted in restricted frequency bands unless stated otherwise in the
specific RSS.

Table 5 — General Field Strength Limits for Licence-Exempt Transmitters at Frequencies Below 30

Frequency Electric Field Strength Malg\;n:tlaztic Field Strength (H-Field) _Measurement
(MV/m) (UA/m) Distance (metres)
9-490 kHz 2,400/F (F in kHz) 2,400/377F (F in kHz) 300
490-1,705 kHz 24,000/F (F in kHz) 24,000/377F (F in kHz) 30
1,705-30 MHz 30 N/A 30

Note: The emission limits for the bands 9-90 kHz and 110-490 kHz are based on measurements employing a
linear average detector. Transmitting devices are not permitted in restricted frequency bands unless stated
otherwise in the relevant RSS.
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9.2 Test Equipment

Type Manufacturer/ Model No. [ EMCC Ident | Last Next
No. Calibration Calibration

Loop Antenna R&S / HFH 2-22 374 2016-07 2018-07
EMI Test Receiver R&S / ESU8 3846 2017-01 2018-01
Digital Multimeter Agilent / U124B 3880 2016-05 2018-05
Web-Thermo-Hygrobarograph [W&T / 57613 Web-T/Rh/P | 4717 2016-04 2018-04
DC Power Supply Tektronix / PWS205 4721 n/a n/a

EMI Test Software R&S / EMC32 v10.00.00 5392 n.a. n.a.

9.3 Test Procedures

ANSI C63.10, 5.3.2 Test distance for frequencies below 30 MHz

Radiated emissions limits are usually defined at a specific distance from the EUT. Where possible,
measurements shall be made at the distance specified in the limits. This might not be possible in all cases,
however, due to the physical limitations of the test facility, physical access problems at the required distance
(especially for measurements that must be made in situ or on-site), or levels of ambient noise or other
radiated signals present at the time and location where measurements are made. See 6.4.3 for more
information about antenna selection, location, and test distance. If measurements cannot practically be made
at the EUT limit distance, then they may be made at a different distance (usually closer) and extrapolated to
the limit distance using one of the procedures described in 6.4.4, 6.4.5, or 7.7, depending on the EUT source
and size.31 The test report shall specify the extrapolation method used to determine compliance of the EUT.

ANSI C63.10, 6.4.6 Exploratory radiated emission tests

The tests shall be performed in the frequency range specified in 5.5 and 5.6, using the procedures in Clause
5, applying the appropriate modulating signal to the EUT, to determine cable or wire positions of the EUT
system that produce the emission with the highest amplitude relative to the limit.

Exploratory measurements below 30 MHz are useful in determining the maximum level of emissions while
manipulating and rotating the EUT; however, exploratory and final measurements may be made
concurrently, provided care is taken to determine the maximum level of emissions for all configurations and
orientations.

The test arrangement, measuring antenna guidelines and operational configurations in 6.3.1 and 6.3.2, shall
be followed. The measurement antenna shall be positioned with its plane perpendicular to the ground at the
specified distance. When perpendicular to the ground plane, the lowest height of the magnetic antenna shall
be 1 m above the ground and shall be positioned at the specified distance from the EUT.50 When the EUT
contains a loop antenna that can only be placed in a vertical axis, normal measurements shall be made
aligning the measurement antenna along the site axis, and then orthogonal to the axis. For each
measurement antenna alignment, the EUT shall be rotated through 0° to 360° on a turntable. When the EUT
contains a loop antenna that can be placed in a horizontal or vertical axis, normal measurements shall be
made aligning the measurement antenna along the site axis, orthogonal to the axis, and then with the
measurement antenna horizontal. For each measurement antenna alignment, the EUT shall be rotated
through 0° to 360° on a turntable. The report shall list the six emissions with the smallest margin relative to
the limit, for each of the three antenna orientations (parallel, perpendicular, and ground-parallel) unless the
margin is greater than 20 dB, then the following statement shall be made: “all emissions were greater than
20 dB below the limit.”

ANSI C63.10, 6.4.7 Final radiated emission tests

Using the orientation and equipment arrangement of the EUT determined in 6.4.6, and applying the
appropriate modulating signal to the EUT, perform final radiated emission measurements on the fundamental
and highest spurious emissions.

Unless otherwise specified by the regulatory authority, the instrumentation, detector functions, and
bandwidths specified in 4.1.4.2.1 shall be used. For pulsed emissions, the procedure in 4.1.4.2.4 shall be
used.
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Radiated Emissions Test Characteristics

Frequency range 9 kHz - 30 MHz
Test distance 3m*
Test instrumentation resolution bandwidth 200 Hz (9 kHz - 150 kHz)

10 kHz (150 kHz - 30 MHz)
Receive antenna height 1m
Receive antenna polarization Vertical, two orientations
Measurement location Semi Anechoic Chamber (SAC)

* According to Section 15.31 (f)(2): At frequencies below 30 MHz, measurements may be performed at a
distance closer than that specified in the regulations; however, an attempt should be made to avoid making
measurements in the near field. Pending the development of an appropriate measurement procedure for
measurements performed below 30 MHz, when performing measurements at a closer distance than
specified, the results shall be extrapolated to the specified distance by either making measurements at a
minimum of two distances on at least one radial to determine the proper extrapolation factor or by using the
square of an inverse linear distance extrapolation factor (40 dB/decade). The 40 dB/decade factor was used.

9.4 Calculation of Field Strength Limits
E.g. radiated spurious emissions field strength limits for the restricted band 2.1735 - 2.1905 MHz:
30 pV/m at 30 meters
Using the equation:
Edsuvim = 20 * log ( Eyvim )
where
Egsuvim = Field Strength in logarithmic units (dBuV/m)
E,vm = Field Strength in linear units (uV/m)
A field strength limit of 30 uyV/m corresponds with 29.5 dBuV/m.
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9.5 Field Strength Calculation

All emission measurements described in this chapter performed using the EMI test program transducer
factor setting capability, i.e. the field strength value at the test distance was measured directly without the
necessity of additional correction factors.

For test distance other than what is specified, but fulfilling the requirements of Section 15.31 (f)(2) the field
strength result is calculated by adding additionally an extrapolation factor of 40 dB/decade (inverse linear-
distance for field strength measurements). The basic equation with a sample calculation is as follows:

FS =FST + DF
where

FS = Field Strength in dBuV/m

FST = Field Strength at test distance in dBuV/m

DF = Distance Extrapolation Factor in dB,

where DF = 40 log (Dtest/Dspec) where Dtest = Test Distance and Dspec = Specified
distance

Assume the tests performed at a reduced Test Distance of 3 m instead of the Specified Distance of 300 m
giving a Distance Extrapolation Factor of DF =40 log (3 m/300 m) = -80 dB.

Assuming a measured field strength of 55.8 dBuV/m (reading 35.8 dBpV and antenna factor
20 dB(1/m)) is obtained. The Distance Factor of -80 dB is added, giving a field strength of
-24.2 dBuV/m. The -24.2 dBpV/m value can be mathematically converted to its corresponding level in pV/m.
FS =55.8-80 =-24.2 [dBuV/m]
Level in yV/m = Common Antilogarithm (-24.2/20) = 0.06

9.6 Final Test Results

Freq. Meas. Reading Ant. factor DF Result Limit Margin
[MHZz] [PK/ QPK] [dB(uV)] [dB(1/m)] [dB] [dB(uV/m)] | [dB(uV/m)] [dB]

All prescan results more than 20 dB below limit, therefore

no final measurement performed.

Manufacturer: EnOcean GmbH
Device: TCM 515B
Serial No: 434501000092
434501000089
434501000062
Test date: 2017-06-30

The EUT meets the requirements of this section.
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9.7 Detailed Measurement Data

Measurement was performed at 3 m distance. Plots show field strength reading at 3 m distance.
In order to compare the 3 m reading with the specified field strength limits a distance correction as described
in 9.5 (40 dB/decade) was applied to the limit (represented by the limit line ,FCC_15.209_ HField_3m").
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Radiated Emissions 9kHz — 30 MHz
Variant #2
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130
120
110
100

90

80
FCC 15.209 H-Field 3m

70

60

Level in dBuV/m

50
40
30
20

0+ t t t t t t t t t t t t t |
9k 20 30 50 100k 200 300 500 1M 2M 3M 5M 10M 20 30M
Frequency in Hz

Preview Result 1-PK+ FCC_15.209_H-Field_3m

* Final_Result QPK Final_Result AVG
Radiated Emissions 9kHz — 30 MHz
Variant #3
Channel: high

Pos.: X (refer to Annex 1)

130
120
110
100

90

80
FCC 15.209 H-Field 3m

70

60

Level in dBuV/m

50

40

30

20

0+ t t t t t t t t t t t t t |
9k 20 30 50 100k 200 300 500 1M 2M 3M 5M 10M 20 30M
Frequency in Hz

Preview Result 1-PK+ FCC_15.209_H-Field_3m
L 2 Final_Result QPK Final_Result AVG

© EMCCons DR. RASEK GmbH & Co. KG 2017

110010ZBA



Test Report # EMCC-110010ZBA

EMCC™ Page 49 of 91

DR. RASEK Issue Date: 2017-10-06
Test of EnOcean GmbH TCM 515B to 47 CFR § 15.247 and RSS-247 Issue 2

10 RADIATED EMISSIONS 30 MHz — 1000 MHz

Test requirement: 47 CFR, §§ 15.247, 15.209
RSS-247, 5.5; RSS-Gen, 8.9
Test procedure: ANSI| C63.10

10.1 Regulation

§15.247 Operation within the bands 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.

(d) In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally
modulated intentional radiator is operating, the radio frequency power that is produced by the intentional
radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that contains the highest
level of the desired power, based on either an RF conducted or a radiated measurement, provided the
transmitter demonstrates compliance with the peak conducted power limits. If the transmitter complies with
the conducted power limits based on the use of RMS averaging over a time interval, as permitted under
paragraph (b)(3) of this section, the attenuation required under this paragraph shall be 30 dB instead of 20
dB. Attenuation below the general limits specified in §15.209(a) is not required. In addition, radiated
emissions which fall in the restricted bands, as defined in §15.205(a), must also comply with the radiated
emission limits specified in §15.209(a) (see §15.205(c)).

§15.209 Radiated emission limits; general requirements
(a) Except as provided elsewhere in this subpart, the emissions from an intentional radiator shall not exceed
the field strength levels specified in the following table:

Frequency Field Strength Measurement distance
[MHz] [MV/m] [dB(pV/m)] [m]
30-88 100** 40 3
88-216 150** 43.5 3
216-960 200** 46.0 3
Above 960 500 54 3

**Except as provided in paragraph (g), fundamental emissions from intentional radiators operating under this
section shall not be located in the frequency bands 54-72 MHz, 76-88 MHz, 174-216 MHz or 470-806 MHz.
However, operation within these frequency bands is permitted under other sections of this part, e.g.,
§8§15.231 and 15.241.

(b) In the emission table above, the tighter limit applies at the band-edges.

(c) The level of any unwanted emissions from an intentional radiator operating under these general
provisions shall not exceed the level of the fundamental emission. For intentional radiators which operate
under the provisions of other sections within this part and which are required to reduce their unwanted
emissions to the limits specified in this table, the limits in this table are based on the frequency of the
unwanted emission and not the fundamental frequency. However, the level of any unwanted emissions shall
not exceed the level of the fundamental frequency.

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

(e) The provisions in §§ 15.31, 15.33, and 15.35 for measuring emissions at distances other than the
distances specified in the above table, determining the frequency range over which radiated emissions are to
be measured, and limiting peak emissions apply to all devices operated under this part.
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RSS-247, 5.5 Unwanted emissions

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 dB below that in the 100 kHz
bandwidth within the band that contains the highest level of the desired power, based on either an RF
conducted or a radiated measurement, provided that the transmitter demonstrates compliance with the peak
conducted power limits. If the transmitter complies with the conducted power limits based on the use of root-
mean-square averaging over a time interval, as permitted under section 5.4(d), the attenuation required shall
be 30 dB instead of 20 dB. Attenuation below the general field strength limits specified in RSS-Gen is not
required.

RSS-Gen, 8.9 Transmitter Emission Limits for Licence-Exempt Radio Apparatus

Except when the requirements applicable to a given device state otherwise, emissions from licence-exempt
transmitters shall comply with the field strength limits shown in Table 4 and Table 5 below. Additionally, the
level of any transmitter emission shall not exceed the level of the transmitter’'s fundamental emission.

Table 4 — General Field Strength Limits for Licence-Exempt Transmitters at Frequencies Above 30

MHz
Frequency (MHz) Field Strength (uv/m at 3 metres
30-88 100
88-216 150
216-960 200
Above 960 500

Footnote

Unless otherwise specified, for all frequencies greater than 1 GHz, the radiated emission limits for licence-
exempt radio apparatus stated in applicable RSSs (including RSS-Gen) are based on measurements using a
linear average detector function having a minimum resolution bandwidth of 1 MHz. If an average limit is
specified for the EUT, then the peak emission shall also be measured with instrumentation properly adjusted
for such factors as pulse desensitization to ensure the peak emission is less than 20 dB above the average
limit.

Note: Transmitting devices are not permitted in restricted frequency bands unless stated otherwise in the
specific RSS.

10.2 Test Equipment

Type Manufacturer/ Model EMCC Last Next
No. Ident No. |[Calibration |Calibration

N-Cable N/50 R&S / HFU2-Z4 55 2016-08 2017-08

Log Per. Antenna Schwarzbeck / VUSLP | 3203 2017-01 2019-01
9111B

EMI Test Receiver R&S / ESU8 3846 2017-01 2018-01

Digital Multimeter Agilent / U124B 3880 2016-05 2018-05

Web-Thermo- W&T / 57613 Web- 4717 2016-04 2018-04

Hygrobarograph T/Rh/P

DC Power Supply Tektronix / PWS205 4721 n/a n/a

VHF Test Dipole Schwarzbeck / VHBB 5531 2017-06 2019-06
9124 /| BBA 9106

EMI Test Software R&S / EMC32 v10.00.00 [ 5392 n/a n/a
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10.3 Test Procedures

ANSI C63.10, 6.3.1 Test arrangement

[..] Tabletop devices shall be placed on a nonconducting platform with nominal top surface dimensions 1 m
by 1.5 m. For emissions testing at or below 1 GHz, the table height shall be 80 cm above the reference
ground plane. For emission measurements above 1 GHz, the table height shall be 1.5 m (see 6.6.3.1). A
method for evaluating the effects of the table on EUT radiated emissions is given in 5.5 of CISPR 16-1-
4:2010 for frequencies up to 18 GHz. The EUT shall be set up in its typical configuration and arrangement
and operated in its various modes as described in 5.10. An antenna shall be connected to the EUT in
accordance with 5.8 and 5.10.4. The EUT and transmitting antenna shall be centered on the turntable. For
devices with multiple antennas that are active simultaneously, the EUT shall be positioned, to the extent
possible, with the antennas equally distributed around the center of the device. The exact setup shall be
documented in the test report.

Any controlling device (e.g., notebook, laptop, or desktop computer) shall be positioned such that it shall not
significantly influence the measurement results. No other peripherals are required to be connected to the
controlling device for this test unless the radio is being tested as part of the notebook or PDA qualifications.

ANSI C63.10, 6.5.3 Exploratory radiated emission tests

Exploratory measurements are used to identify the frequencies and amplitudes of the emissions while
manipulating and rotating the EUT.

Exploratory radiated measurements shall be performed at the measurement distance or at a closer distance
than that specified for compliance to determine the emission characteristics of the EUT. At near distances,
for EUTs of comparably small size, it is relatively easy to determine the spectrum signature of the EUT and, if
applicable, the EUT configuration that produces the maximum level of emissions. Exploratory measurements
shall be made on a test site per 5.2. Shielded rooms, not treated with RF absorption material, shall not be
used for exploratory measurements.

For each mode of operation required to be tested, the frequency spectrum shall be monitored. The highest
signal levels relative to the limit shall be determined by rotating the EUT from 0° to 360° and with varying the
measurement antenna height between 1 m and 4 m in vertical and horizontal polarizations.

ANSI C63.10, 6.5.4 Final radiated emission tests

Using the orientation and equipment arrangement of the EUT, and based on the measurement results found
during the exploratory measurement in 6.5.3, the EUT arrangement, appropriate modulation, and modes of
operation that produce the emissions that have the highest amplitude relative to the limit shall be selected for
the final measurement. The final measurement shall follow all the procedures in 6.3 with the EUT operating
on frequencies per 5.6. For each mode selected, record the frequency and amplitude of the highest
fundamental emission (if applicable) and the frequency and amplitude of the six highest spurious emissions
relative to the limit; emissions more than 20 dB below the limit do not need to be reported.

Measurements are performed with the EUT rotated from 0° to 360°, the antenna height scanned between 1
m and 4 m, and the antenna rotated to repeat the measurements for both the horizontal and vertical antenna
polarizations. Variations in cable or wire placement shall be explored to maximize the measured emissions.

Radiated Emissions Test Characteristics

Frequency range 30 MHz - 1000 MHz
Test distance 3m

Test instrumentation resolution bandwidth 120 kHz

Receive antenna height Tm-4m

Receive antenna polarization Vertical/Horizontal
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10.4 Calculation of Field Strength Limits

E.g. radiated spurious emissions field strength limits in restricted bands (e.g. 108 to 121.94 MHz (FCC) or
108 to 138 MHz (ISED)) acc. to §15.209 for the frequency band 88-216 MHz:

150 yV/m at 3 meters
Using the equation:
Edsuvim = 20 * log ( Eyvim )
where
Egsuvm = Field Strength in logarithmic units (dBuV/m)
E,vm = Field Strength in linear units (uV/m)
A field strength limit of 150 yV/m corresponds with 43.5 dBuV/m.

10.5 Field Strength Calculation

The field strength is calculated by adding the Antenna Factor and Cable Factor. The basic
equation with a sample calculation is as follows:
FS=RA+ AF + CF
where

FS = Field Strength in dBpyV/m

RA = Receiver Amplitude in dBuV

AF = Antenna Factor in dB(1/m)

CF = Cable Attenuation Factor in dB
Assume a receiver reading of 23.5 dBuV is obtained. The Antenna Factor of 7.4 dB(1/m) and a
Cable Factor of 1.1 dB are added, giving a field strength of 32 dBuV/m. The 32 dBuV/m value can
be mathematically converted to its corresponding level in yV/m.

FS=235+7.4+1.1=32[dBuV/m]
Level in yV/m = Common Antilogarithm (32/20) = 39.8
Remark: All emission measurements described in this chapter performed using the EMI test

program transducer factor setting capability, i.e. the field strength value at the test distance was
measured directly without the necessity of additional correction factors.
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10.6 Final Test Results

Frequency Result Limit * Margin Remarks
[MHZz] [dBuV/m] [dBuV/m] [dB]
210 27.9 43.5 15.6
525 31.5 46 14.5

All tests performed at 3 m distance. The table above contains worst-case emissions, only. For further details
refer to the detailed measurement data.

* Note: Limits acc. to 47 CFR §15.209 resp. RSS-Gen 8.9 were used as worst case consideration.

Manufacturer:
Device:
Serial No:

Test date:

EnOcean GmbH
TCM 515B
434501000092
434501000089
434501000062
2017-06

The EUT meets the requirements of this section.
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10.7 Detailed Measurement Data

Radiated Emissions 30 MHz — 1000 MHz
Variant #1

Channel: low

Pos.: X (refer to Annex 1)
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Radiated Emissions 30 MHz — 1000 MHz
Variant #1

Channel: middle

Pos.: X (refer to Annex 1)
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Radiated Emissions 30 MHz — 1000 MHz
Variant #1

Channel: high

Pos.: X (refer to Annex 1)
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Radiated Emissions 30 MHz — 1000 MHz
Variant #1

Channel: low

Pos.: Y (refer to Annex 1)
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Radiated Emissions 30 MHz — 1000 MHz
Variant #1

Channel: middle

Pos.: Y (refer to Annex 1)
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Radiated Emissions 30 MHz — 1000 MHz
Variant #1

Channel: high

Pos.: Y (refer to Annex 1)
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Radiated Emissions 30 MHz — 1000 MHz
Variant #1

Channel: low

Pos.: Z (refer to Annex 1)
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Radiated Emissions 30 MHz — 1000 MHz
Variant #1

Channel: middle

Pos.: Z (refer to Annex 1)
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Radiated Emissions 30 MHz — 1000 MHz
Variant #1

Channel: high

Pos.: Z (refer to Annex 1)
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Radiated Emissions 30 MHz — 1000 MHz
Variant #2

Channel: middle

Pos.: X (refer to Annex 1)
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Radiated Emissions 30 MHz — 1000 MHz
Variant #3

Channel: middle

Pos.: X (refer to Annex 1)
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11 RADIATED EMISSIONS 1 GHz - 25 GHz

Test requirement: 47 CFR, §§ 15.247, 15.209
RSS-247, 5.5; RSS-Gen, 8.9
Test procedure: ANSI| C63.10

11.1 Regulation

§15.209 Radiated emission limits; general requirements
(a) Except as provided elsewhere in this subpart, the emissions from an intentional radiator shall not exceed
the field strength levels specified in the following table:

Frequency Field Strength Measurement distance
[MHz] [uV/m] [dB(pV/m)] [m]
30-88 100** 40 3
88-216 150** 43.5 3
216-960 200** 46.0 3
Above 960 500 54 3

**Except as provided in paragraph (g), fundamental emissions from intentional radiators operating under this
section shall not be located in the frequency bands 54-72 MHz, 76-88 MHz, 174-216 MHz or 470-806 MHz.
However, operation within these frequency bands is permitted under other sections of this part, e.g.,
§8§15.231 and 15.241.

(b) In the emission table above, the tighter limit applies at the band-edges.

(c) The level of any unwanted emissions from an intentional radiator operating under these general
provisions shall not exceed the level of the fundamental emission. For intentional radiators which operate
under the provisions of other sections within this part and which are required to reduce their unwanted
emissions to the limits specified in this table, the limits in this table are based on the frequency of the
unwanted emission and not the fundamental frequency. However, the level of any unwanted emissions shall
not exceed the level of the fundamental frequency.

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

(e) The provisions in §§ 15.31, 15.33, and 15.35 for measuring emissions at distances other than the
distances specified in the above table, determining the frequency range over which radiated emissions are to
be measured, and limiting peak emissions apply to all devices operated under this part.

§15.247 Operation within the bands 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.

(d) In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally
modulated intentional radiator is operating, the radio frequency power that is produced by the intentional
radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that contains the highest
level of the desired power, based on either an RF conducted or a radiated measurement, provided the
transmitter demonstrates compliance with the peak conducted power limits. If the transmitter complies with
the conducted power limits based on the use of RMS averaging over a time interval, as permitted under
paragraph (b)(3) of this section, the attenuation required under this paragraph shall be 30 dB instead of 20
dB. Attenuation below the general limits specified in §15.209(a) is not required. In addition, radiated
emissions which fall in the restricted bands, as defined in §15.205(a), must also comply with the radiated
emission limits specified in §15.209(a) (see §15.205(c)).
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RSS-247, 5.5 Unwanted emissions

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 dB below that in the 100 kHz
bandwidth within the band that contains the highest level of the desired power, based on either an RF
conducted or a radiated measurement, provided that the transmitter demonstrates compliance with the peak
conducted power limits. If the transmitter complies with the conducted power limits based on the use of root-
mean-square averaging over a time interval, as permitted under section 5.4(d), the attenuation required shall
be 30 dB instead of 20 dB. Attenuation below the general field strength limits specified in RSS-Gen is not
required.

RSS-Gen, 8.9 Transmitter Emission Limits for Licence-Exempt Radio Apparatus

Except when the requirements applicable to a given device state otherwise, emissions from licence-exempt
transmitters shall comply with the field strength limits shown in Table 4 and Table 5 below. Additionally, the
level of any transmitter emission shall not exceed the level of the transmitter’'s fundamental emission.

Table 4 — General Field Strength Limits for Licence-Exempt Transmitters at Frequencies Above 30

MHz
Frequency (MHz) Field Strength (uv/m at 3 metres
30-88 100
88-216 150
216-960 200
Above 960 500

Footnote

Unless otherwise specified, for all frequencies greater than 1 GHz, the radiated emission limits for licence-
exempt radio apparatus stated in applicable RSSs (including RSS-Gen) are based on measurements using a
linear average detector function having a minimum resolution bandwidth of 1 MHz. If an average limit is
specified for the EUT, then the peak emission shall also be measured with instrumentation properly adjusted
for such factors as pulse desensitization to ensure the peak emission is less than 20 dB above the average
limit.

Note: Transmitting devices are not permitted in restricted frequency bands unless stated otherwise in the
specific RSS.
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11.2 Test Equipment

Type Manufacturer/ Model No. [ EMCC Ident | Last Next
No. Calibration Calibration

Standard Gain Horn Ant. Mid Century / MC 20/31B | 1300 2016-08 2018-08

Double Ridged Guide Ant. Schwarzbeck / BBHA 3235 2015-06 2017-06
9120D

Spectrum Analyzer R&S / FSU50 3831 2016-08 2017-08

Digital Multimeter Agilent / U124B 3880 2016-05 2018-05

Web-Thermo-Hygrobarograph [W&T /57613 Web-T/Rh/P | 4717 2016-04 2018-04

DC Power Supply Tektronix / PWS205 4721 n/a n/a

Band Reject Filter ZYSEN / ZSBR2441.75- 4993 2017-04 2019-04
83.5U10CS

High Pass Filter dBd com / DBD-FTR- 5366 2015-09 2017-09
15SH-U3500-0/0

RF cable assembly Rosenberger / LA1-008- 5612 2016-08 2017-08
1500

RF cable assembly Rosenberger / LA2-025- 5616 2016-08 2017-08
7000

11.3 Test Procedures

ANSI C63.10, 6.6.3.1 Tabletop equipment

For emission measurements above 1 GHz, the EUT shall be placed at a height of 1.5 m above the floor on a
support that is RF transparent for the frequencies of interest. The 1.5 m height EUT support shall be
constructed using a low permittivity and low loss tangent (tand) material with a height of 1.5 m, or a low
permittivity and low loss tangent (tand) material may be placed on top of a typical table with a height of 0.8 m
or 1 m. One typical low-permittivity and low-loss tangent material is styrene. Due to its dielectric properties
for frequencies above 1 GHz, the use of styrene or building insulation foam is recommended, rather than, for
example, wood. Support equipment shall be placed far enough away from the EUT, such that changes in
relative position of the EUT and support equipment do not cause changes in measured values. Final
measurements for the EUT require a measurement antenna height scan of 1 mto 4 m.

Where possible, the methods for portable, handheld, or body-worn equipment detailed in 6.6.3.3 may be
employed for smaller tabletop equipment to allow the use of shorter cabling between measurement antennas
and measuring receiver/spectrum analyzer by restricting the upper height of the measurement antenna.

ANSI C63.10, 6.6.4.2 Exploratory radiated emissions measurements

Exploratory radiated measurements shall be performed at the measurement distance or at a closer distance
than that specified for compliance to determine the emission characteristics of the EUT and, if applicable, the
EUT configuration that produces the maximum level of emissions. The frequencies of maximum emission
may be determined by manually positioning the antenna close to the EUT, and then moving the antenna
over all sides of the EUT while observing a spectral display. It is advantageous to have prior knowledge of
the frequencies of emissions, although this may be determined from such a near-field scan. The near-field
scan shall only be used to determine the frequency but not the amplitude of the emissions. Where
exploratory measurements are not adequate to determine the worst-case operating modes and are used
only to identify the frequencies of the highest emissions, additional preliminary tests can be required.
Preliminary tests shall be performed following the procedures in 6.3 on a site meeting the requirements of
5.2. For emissions from the EUT, the maximum level shall be determined by rotating the EUT and its
antenna through 0° to 360°. For each mode of operation required to be tested, the frequency spectrum
(based on findings from exploratory measurements) shall be monitored.

Broadband antennas and a spectrum analyzer or a radio-noise meter with a panoramic display are often
useful in this type of test. If either antenna height or EUT azimuth are not fully measured during exploratory
testing, then complete testing can be required at the OATS or semi-anechoic chamber when the final full
spectrum testing is performed.
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ANSI C63.10, 6.6.4.3 Final radiated emissions measurements

The final measurements are performed on a site meeting the requirements of 5.2. Using the orientation and
equipment arrangement of the EUT based on the measurement results found during the preliminary
(exploratory) measurements per 6.6.4.2, the EUT arrangement, appropriate modulation, and modes of
operation that produce the emissions that have the highest amplitude relative to the limit shall be selected for
the final measurement. The final measurement shall follow all the procedures in 6.3 with the EUT operating
on frequencies per 5.6. For each mode selected, record the frequency and amplitude of the highest
fundamental emission (if applicable), as well as the frequency and amplitude of the six highest spurious
emissions relative to the limit. Emissions more than 20 dB below the limit do not need to be reported.

Measurements are performed with the EUT rotated from 0° to 360°; the antenna height scanned in
accordance with 6.6.3.1, 6.6.3.2, or 6.6.3.3, as appropriate; and the antenna rotated to repeat the
measurements for both the horizontal and vertical antenna polarizations. Variations in cable or wire
placement shall be explored to maximize the measured emissions.

The emission signal shall be kept within the illumination area of the 3 dB beamwidth of the antenna so that
the maximum emission from the EUT is measured. This may be achieved by either pointing the antenna at
an angle toward the source of the emission or by testing the EUT as described in 6.6.3.3.

If the emission is pulsed, then refer to Annex C for guidelines on selecting bandwidth and determining pulse
desensitization factors, as necessary.

As noted in 6.6.4.1, when performing these measurements, the sensitivity of the complete measurement
system relative to the limit shall be determined before the test. If the overall measurement sensitivity is
inadequate, then low-noise preamplifiers, closer measurement distances, higher gain antennas, or narrower
bandwidths may be used. If closer measurement distances or higher gain antennas are used, then the
beamwidth of the measurement antenna versus the physical size of the EUT shall be taken into account, so
that the physical sizes of the EUT dimensions are encompassed by the beamwidth of the measurement
antenna. Also, measurement system overload protection shall be determined to be adequate when
preamplifiers are used. The effects on the measured emission value using bandwidths different from those
specified shall be determined if such bandwidth changes are made. Any changes from the specific
measurement conditions shall be described in the report of the measurements.

Radiated Emissions Test Characteristics

Frequency range 1 GHz - 25 GHz
Test distance 3m?"

Test instrumentation resolution bandwidth 1 MHz

Receive antenna height Tm-4m
Receive antenna polarization Vertical/Horizontal

) Explorative measurements performed at closer distance
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11.4 Calculation of Field Strength Limits

E.g. radiated spurious emissions field strength limits acc. to §15.209 for frequencies above 960 MHz:
500 pV/m at 3 meters

Using the equation:

Edsuvim = 20 * log ( Eyvim )

where
Egsuvm = Field Strength in logarithmic units (dBuV/m)
E,vm = Field Strength in linear units (uV/m)

A field strength limit of 500 yV/m corresponds with 54 dBuV/m.

11.5 Field Strength Calculation

The field strength is calculated by adding the Antenna Factor and Cable Factor. The basic equation with a
sample calculation is as follows:

FS=RA+ AF +CF
where
FS = Field Strength in dBuV/m

RA = Receiver Amplitude in dBuV

AF = Antenna Factor in dB(1/m)

CF = Cable Attenuation Factor in dB
Assume a receiver reading of 23.5 dBuV is obtained. The Antenna Factor of 7.4 dB(1/m) and a Cable Factor
of 1.1 dB are added, giving a field strength of 32 dBuV/m. The 32 dBuV/m value can be mathematically
converted to its corresponding level in yV/m.

FS=235+7.4+1.1=232[dBuV/m]
Level in yV/m = Common Antilogarithm (32/20) = 39.8

Remark: All emission measurements described in this chapter performed using the EMI test program
transducer factor setting capability, i.e. the field strength value at the test distance was measured directly
without the necessity of additional correction factors.

For average measurements, the measured peak field strength is corrected by a Duty Cycle correction factor
DCF. Please refer to chapter 2.6 for details.

FSay = FS + DCF

where
FSav = Average Field Strength in dBuV/m
FS = Peak Field Strength in dBuV/m
DCF = Correction Factor in dB

Assuming a peak field strength of 57.7 dBuV/m, the value for the average field strength with a Duty Cycle
correction factor DCF of -32.8 dB corresponds with 24.9 dBuV/m.
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11.6 Final Test Results

Radiated Spurious Emissions 1 — 25 GHz — Average Results

Frequency Stf(l::\lgth DCF Result Limit * Margin Remarks

[MHZz] [dBuV/m] [dB] [dBuV/m] [dBuV/m] [dB]

1240 45.6 -14.0 31.6 54 22.4 EUT#3, Ch. high
2325 60.8 -14.0 46.8 54 7.2 EUT#1, Ch. low
2377 59.6 -14.0 45.6 54 8.4 EUT#2, Ch. low
2382 64.1 -14.0 50.1 54 3.9 EUT#1, Ch. low
2493 60.6 -14.0 46.6 54 7.4 EUT#2, Ch. high
2499 64.3 -14.0 50.3 54 3.7 EUT#1, Ch. high
2506 66.0 -14.0 52.0 54 2.0 EUT#1, Ch. high
2569 61.3 -14.0 47.3 54 6.7 EUT#2, Ch. high
2576 61.8 -14.0 47.8 54 6.2 EUT#1, Ch. high
4804 58.4 -14.0 44 4 54 9.6 EUT#1, Ch. low
4884 57.6 -14.0 43.6 54 10.4 EUT#1, Ch. mid

Remark: Duty Cycle Correction Factor DCF added to peak reading to obtain average results.
For further details refer to chapter 2.6 of the report.
* Note: Limits acc. to 47 CFR §15.209 resp. RSS-Gen 8.9 were used as worst case consideration.

Radiated Spurious Emissions 1 — 25 GHz — Peak Results

Frequency Stl:::gth DCF Result Limit * Margin Remarks

[MHZz] [dBuV/m] [dB] [dBuV/m] [dBuV/m] [dB]

1240 45.6 0.0 45.6 74 28.4 EUT#3, Ch. high
2325 60.8 0.0 60.8 74 13.2 EUT#1, Ch. low
2377 59.6 0.0 59.6 74 14.4 EUT#2, Ch. low
2382 64.1 0.0 64.1 74 9.9 EUT#1, Ch. low
2493 60.6 0.0 60.6 74 134 EUT#2, Ch. high
2499 64.3 0.0 64.3 74 9.7 EUT#1, Ch. high
2506 66.0 0.0 66.0 74 8.0 EUT#1, Ch. high
2569 61.3 0.0 61.3 74 12.7 EUT#2, Ch. high
2576 61.8 0.0 61.8 74 12.2 EUT#1, Ch. high
4804 58.4 0.0 58.4 74 15.6 EUT#1, Ch. low
4884 57.6 0.0 57.6 74 16.4 EUT#1, Ch. mid

Remark:
The table above contains worst-case emissions, only. For further details refer to the pre-scan test plots.

* Note: Limits acc. to 47 CFR §15.209 resp. RSS-Gen 8.9 were used as worst case consideration.

Manufacturer: EnOcean GmbH
Device: TCM 515B
Serial No: 434501000092
434501000089
434501000062
Test date: 2017-01-25

2017-01-30/31

The EUT meets the requirements of this section.
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11.7 Detailed Measurement Data

Prescan measurements below 6 GHz were performed at 3 m distance, above 6 GHz measurement was
performed as explorative measurement in close distance of approx. 20 cm. All final measurements were
performed at 3m distance.

Radiated Emissions 1 — 6 GHz
Variant #1

Channel: low

Pos.: X (refer to Annex 1)
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Radiated Emissions 1 — 6 GHz
Variant #1

Channel: middle

Pos.: X (refer to Annex 1)

75 FCC_15.209_E-Field_PK_3m

Level in dBuV/m

Frequency

Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m FCC_15.209_E-Field_3m #  Final_Result PK+
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Radiated Emissions 1 — 6 GHz
Variant #1

Channel: high

Pos.: X (refer to Annex 1)

FCC_15.209 E-Field PK_3m

Level in dBuV/m

1G 2G 3G 4G 5G 6G
Frequency
Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m FCC_15.209_E-Field_3m * Final_Result PK+
Radiated Emissions 1 — 6 GHz
Variant #1
Channel: low
Pos.: Y (refer to Annex 1)
80
75 FCC_15.209_E-Field_PK_3m
70
65
60
*
Ed
£
S 55
>
3
£
2 50 *
3
45
40
35
30
1G 2G 3G 4G 5G 6G
Frequency in Hz
Preview Result 1-PK+ FCC_15.209_E-Field_3m * Final_Result PK+

FCC_15.209_E-Field_PK_3m
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Radiated Emissions 1 — 6 GHz
Variant #1

Channel: middle

Pos.: Y (refer to Annex 1)

80
75 FCC _15.209 E-Field PK_3m
70
65
60
>
£
S 55
>
a
2
£
T 50
3
K
45
40
35
30
16 26 3G 4G 5G 6G

Frequency in Hz

Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m FCC_15.209_E-Field_3m > Final_Result PK+
Radiated Emissions 1 — 6 GHz
Variant #1
Channel: high
Pos.: Y (refer to Annex 1)
80
75 FCC_15.209_E-Field_PK_3m
70
65
60 *
£
S 55
>
3
£
T 50
3
45
40
35
30
1G 2G 3G 4G 5G 6G
Frequency
Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m FCC_15.209_E-Field_3m * Final_Result PK+
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Radiated Emissions 1 — 6 GHz
Variant #1

Channel: low

Pos.: Z (refer to Annex 1)

FCC_15.209 E-Field PK_3m

*
13
S 55
>
a
5
£
T 50
3
3
45
40
35
30
1G 2G 3G 4G 5G 6G
Frequency
Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m FCC_15.209_E-Field_3m 4 Final_Result PK+

Radiated Emissions 1 — 6 GHz
Variant #1

Channel: middle

Pos.: Z (refer to Annex 1)

FCC_15.209_E-Field_PK_3m

Level in dBuV/m

Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m

3G

Frequency

FCC_15.209_E-Field_3m

4G 5G 6G

#  Final_Result PK+
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Radiated Emissions 1 — 6 GHz
Variant #1

Channel: high

Pos.: Z (refer to Annex 1)

FCC_15.209_E-Field_ PK_3m

Level in dBuV/m

Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m

3G 4G 5G 6G

Frequency in Hz

FCC_15.209_E-Field_3m *  Final_Result PK+

Prescan; Radiated Emissions at Band-Edge
Variant #1
Channel: low1

RBW 1 MHz
VBW 3 MHz
Ref 130 dBuV/m Att 5 dB SWT 2.5 ms

130 Markdr

Fu

o
WED |,

=

T
il
el ¥

F1
a |

Center 2.38 GHz 6 MHz/ Span 60 MHz

EUT 1; CH.1
Date: 29.JUN.2017 10:26:46

Prescan; Radiated Emissions at Band-Edge
Variant #1

RBW 1 iz
VBW 3 MHz
Ref 130 dBupv/m Att 5 dB SWT 2.5 ms
=0
L
e
MED |,
:

) i B DAY

F1

30

Center 2.51 GHz 8 MHz/ Span 80 MHz

EUT 1; CH.39
Date: 29.JUN.2017 10:24:41

Note: due to the use of a band reject filter with a pass band of DC to 2350 MHz and 2550 to 6000 MHz,
separate radiated emission measurements with RBW = 1 MHz at the edges of the assigned band were
performed to show compliance outside the filter's pass band. Exceedances close to the band-edge, which
were covered by the band-edge measurement, were not taken into account for this consideration.
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Prescan; Radiated Emissions 6-18 GHz Prescan; Radiated Emissions 6-18 GHz
Variant #1 Variant #1
Channel: low Channel: middle
RBW 1 MHz Marker 1 [T1 ] RBW 1 MHz Marker 1 [jl ]( .
[ B L
=
Y, Ao TR LA T P S A AN A LA R | WLMMW AN o iAo PN st i AP AR s i A Lt
EUT 1; CH. 1 EUT 1; CH. 18
Date: 29.JUN.2017 11:06:19 Date: 29.JUN.2017 11:06:59
Prescan; Radiated Emissions 6-18 GHz
Variant #1
Channel: high
[ N
A st on g f e bt ol i
EUT 1; CH. 39
Date: 29.JUN.2017 11:08:06
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Exploratory rad. emission meas. 18-25 GHz
Variant #1
Channel: low

RBW 1 MHz Marker 1 [T1 ]
VBI 3 MHz 15.21 dBpv
Ref 77 dBpV Att 0 de SWT 45 ms . G
| A
1 PK
View
T
o
(FRPSNTEN SYNSTAPR TN R Y W PR WV TV SRR ST
Start 18 GHz 700 MHz/ Stop 25 GHz

EUT 17 CH. 1
Date: 29.JUN.2017 11:37:24

Exploratory rad. emission meas. 18-25 GHz
Variant #1
Channel: middle

RBW 1 MHz Marker 1 [T1 ]
VBW 3 MHz 14.72 dBuv
Ref 77 dBuv Att 0 dB SWT 45 ms 22.363782051 GHz

P}

Start 18 GHz 700 MHz/ Stop 25 GHz

EUT 1; CH. 18
Date: 29.JUN.2017 11:38:28

Exploratory rad. emission meas. 18-25 GHz
Variant #1
Channel: high

RBW 1 MHz Marker 1 [T1 ]
VBW 3 MHz 14.96 dBuv
Ref 77 dBuV Att O dB SWT 45 ms 22.812500000 GHz

Start 18 GHz 700 MHz/ Stop 25 GHz

EUT 1; CH. 39
Date: 29.JUN.2017 11:39:45
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Radiated Emissions 1 — 6 GHz
Variant #2

Channel: low

Pos.: X (refer to Annex 1)

75 FCC_15.209 E-Field PK_3m

55 FCC_15.209_E-Field_3m

Level in dBuV/m

40

Frequency in Hz

Preview Result 1-PK+ [Preview Result 1.Result:1] FCC_15.209_E-Field_PK_3m [.\EMI radiated\FCC_Part15\]
FCC_15.209_E-Field_3m [.\EMI radiated\FCC_Part15\] +  Final_Result PK+ [Final_Result.Result:4]

Radiated Emissions 1 — 6 GHz
Variant #2

Channel: middle

Pos.: X (refer to Annex 1)

75 FCC_15.209_E-Field_PK_3m

55 FCC_15.209_E-Field_3m

Level in dBuv/m

Frequency

Preview Result 1-PK+ [Preview Result 1.Result:1] FCC_15.200_E-Field_PK_3m [.\EMI radiated\FCC_Part15\]
FCC_15.209_E-Field_3m [.\EMI radiated\FCC_Part15\] 4 Final_Result PK+ [Final ResultResult:4]
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Radiated Emissions 1 — 6 GHz
Variant #2

Channel: high

Pos.: X (refer to Annex 1)

75 FCC_15.209 E-Field PK_3m

55 FCC_15.209 E-Field 3m

Level in dBuV/m

Frequency

Preview Result 1-PK+ [Preview Result 1.Result:1] FCC_15.209_E-Field_PK_3m [.\EMI radiated\FCC_Part15\]
FCC_15.209_E-Field_3m [.\EMI radiated\FCC_Part15\] 4 Final_Result PK+ [Final_ResultResult:4]

Radiated Emissions 1 — 6 GHz
Variant #2

Channel: low

Pos.: Y (refer to Annex 1)

75 FCC_15.209_E-Field_PK_3m

55 FCC_15.209_E-Field_3m

Level in dBuv/m

Frequency

Preview Result 1-PK+ [Preview Result 1.Result:1] FCC_15.200_E-Field_PK_3m [.\EMI radiated\FCC_Part15\]
FCC_15.209_E-Field_3m [.\EMI radiated\FCC_Part15\] 4 Final_Result PK+ [Final ResultResult:4]
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Radiated Emissions 1 — 6 GHz
Variant #2

Channel: middle

Pos.: Y (refer to Annex 1)

75 FCC_15.209 E-Field PK_3m

55 FCC_15.209 E-Field 3m

Level in dBuV/m

Frequency

Preview Result 1-PK+ [Preview Result 1.Result:1] FCC_15.209_E-Field_PK_3m [.\EMI radiated\FCC_Part15\]
FCC_15.209_E-Field_3m [.\EMI radiated\FCC_Part15\] 4 Final_Result PK+ [Final_ResultResult:4]

Radiated Emissions 1 — 6 GHz
Variant #2

Channel: high

Pos.: Y (refer to Annex 1)

75 FCC_15.209_E-Field_PK_3m

55 FCC_15.209_E-Field_3m

Level in dBuv/m

Frequency

Preview Result 1-PK+ [Preview Result 1.Result:1] FCC_15.200_E-Field_PK_3m [.\EMI radiated\FCC_Part15\]
FCC_15.209_E-Field_3m [.\EMI radiated\FCC_Part15\] 4 Final_Result PK+ [Final ResultResult:4]

© EMCCons DR. RASEK GmbH & Co. KG 2017

110010ZBA



EMCC™

DR. RASEK

Test Report # EMCC-110010ZBA
Page 76 of 91
Issue Date: 2017-10-06

Test of EnOcean GmbH TCM 515B to 47 CFR § 15.247 and RSS-247 Issue 2

Radiated Emissions 1 — 6 GHz
Variant #2

Channel: low

Pos.: Z (refer to Annex 1)

FCC_15.209 E-Field PK_3m

FCC_15.209_E-Field_3m

Level in dBuV/m

Preview Result 1-PK+ [Preview Result 1.Result:1]
FCC_15.209_E-Field_3m [.\EMI radiated\FCC_Part15\]

3G 4G 5G 6G

FCC_15.209_E-Field_PK_3m [.\EMI radiated\FCC_Part15\]
Final_Result PK+ [Final_Result.Result:4]

Radiated Emissions 1 — 6 GHz
Variant #2

Channel: middle

Pos.: Z (refer to Annex 1)

FCC_15.209_E-Field_PK_3m

FCC_15.209_E-Field 3m

Level in dBuv/m

Preview Result 1-PK+ [Preview Result 1.Result:1]
FCC_15.209_E-Field_3m [.\EMI radiated\FCC_Part15\]

3G 4G 5G 6G

FCC_15.209_E-Field_PK_3m [.\EMI radiated\FCC_Part15\]
Final_Result PK+ [Final_Result.Result:4]
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Radiated Emissions 1 — 6 GHz

Variant #2
Channel: high

Pos.: Z (refer to Annex 1)

FCC_15.209 E-Field PK_3m

FCC_15.209 E-Field 3m

Level in dBuV/m

Preview Result 1-PK+ [Preview Result 1.Result:1]
FCC_15.209_E-Field_3m [.\EMI radiated\FCC_Part15\]

2G 3G 4G 5G 6G

Frequency

FCC_15.209_E-Field_PK_3m [.\EMI radiated\FCC_Part15\]
4 Final_Result PK+ [Final_ResultResult:4]

Prescan; Radiated Emissions at Band-Edge

Variant #2
Channel: low

RBW 1 WHz
VBW 3 MHz
Ref 130 dBpv/m Att 5 dB SWT 2.5 ms
T30
Fa
mm
L,
v
o o AN P \
Sl )
(Ve ATTTNS PRSPV YT PY N VI 8 Ll
F1
30

Center 2.38 GHz

EUT 27 CH.1
Date: 29.JUN.2017 10:47:26

6 MHz/

Span 60 Mz

Prescan; Radiated Emissions at Band-Edge

Variant #2
Channel: high
VBW 3 MHz
Ref 130 dBuv/m Att 5 dB SWT 2.5 ms
pRESET
60 dBpV/m
L, .

-
[

o

i

i

1 54
} MV
ar b ol sty ML AAAN AR AN A A
F1
30
Center 2.51 GHz 8 MHz/ Span 80 MHz
EUT 2; CH.39

Date: 29.JUN.2017 10:51:08

Note: due to the use of a band reject filter with a pass band of DC to 2350 MHz and 2550 to 6000 MHz,
separate radiated emission measurements with RBW = 1 MHz at the edges of the assigned band were
performed to show compliance outside the filter's pass band. Exceedances close to the band-edge, which
were covered by the band-edge measurement, were not taken into account for this consideration.
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Prescan; Radiated Emissions 6-18 GHz
Variant #2
Channel: low

RBUW 1 MHz
VBW 3 MHz
Att 0 dB SWT 70 ms

Ref 77 dBuv 7.192307692 GHz

Start 6 GHz 1.2 GHz/ Stop 18 GHz

EUT 2; CH. 1
Date: 29.JUN.2017 11:02:07

Prescan; Radiated Emissions 6-18 GHz
Variant #2
Channel: middle

RBW 1 MHz Marker 1 [T1 ]
VBW 3 MHz 16.23 dBpv
Ref 77 dBuv Att 0 dB SWT 70 ms 7.326923077 GHz

F“H
3l2

Start 6 GHz 1.2 GHz/ Stop 18 GHz

EUT 2; CH. 18
Date: 29.JUN.2017 11:01:00

Prescan; Radiated Emissions 6-18 GHz
Variant #2
Channel: high

RBW 1 MHz Marker 1 [T1
VBW 3 MHz
Ref 77 dBuV Att 0 dB SWT 70 ms 7.42307
W*‘jww P L A AN A AANAAR Ao
Start 6 GHz 1.2 GHz/ Stop 18 GHz

EUT 2; CH. 39
Date: 29.JUN.2017 11:02:52
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Exploratory rad. emission meas. 18-25 GHz
Variant #2
Channel: low

RBW 1 MHz varker 1 [T1 ]
VBW 3 MHz 14.53 dBuv
Ref 77 dBuv Att 0 dB SWT 45 ms 23.766025641 GHz

Start 18 GHz 700 MHz/ Stop 25 GHz

EUT 2; CH. 1
Date: 29.JUN.2017 11:40:41

Exploratory rad. emission meas. 18-25 GHz
Variant #2
Channel: middle

RBW 1 MHz Marker 1 [T1 ]

VEW 3 MHz 14.98 dBuv
Ref 77 dBuv Att 0 dB SWT 45 ms 23.306089744 GHz
[ A ]
1 PK
1
|l
I iAo AL s s LM i S AN
Start 18 GHz 700 MHz/ Stop 25 GHz

EUT 2; CH. 18
Date: 29.JUN.2017 11:41:12

Exploratory rad. emission meas. 18-25 GHz
Variant #2
Channel: high

RBW 1 MHz Marker 1 [T1 ]
VBW 3 MHz 15.04 dBuv
Ref 77 dBuv Att O dB SWT 45 ms 23.328525641 GHz

Start 18 GHz 700 MHz/ Stop 25 GHz

EUT 2; CH. 39
Date: 29.JUN.2017 11:41:48
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Radiated Emissions 1 — 6 GHz
Variant #3

Channel: low

Pos.: X (refer to Annex 1)

80
75 FCC15:209E-Field_PK_3m
70
65
60
£
3 % .
o
3
£
T 50
ki
45
*
40
35
30
16 26 3G 46 5G 6G
Frequency
Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m FCC_15.209_E-Field_3m +  Final_Result PK+
Radiated Emissions 1 — 6 GHz

Variant #3
Channel: middle
Pos.: X (refer to Annex 1)

80
75 FCC_15.209_E-Field_PK_3m
70
65
60
E
S 55
>
o
5
5
T 50
3
3
45
40
35
30
1G 2G 3G 4G 5G 6G
Frequency

Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m FCC_15.209_E-Field_3m #  Final_Result PK+
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Radiated Emissions 1 — 6 GHz
Variant #3

Channel: high

Pos.: X (refer to Annex 1)

FCC_15.209 E-Field PK_3m

Level in dBuV/m

Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m

3G

Frequency

FCC_15.209_E-Field_3m

4G 5G 6G

+  Final_Result PK+

Radiated Emissions 1 — 6 GHz
Variant #3

Channel: low

Pos.: Y (refer to Annex 1)

FCC_15.209_E-Field_PK_3m

E
S 55
>
o
5
5
T 50
3
3
+

45

40

35

30

1G 2G 3G 4G 5G 6G
Frequency

Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m

FCC_15.209_E-Field_3m

#  Final_Result PK+
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Radiated Emissions 1 — 6 GHz
Variant #3

Channel: middle

Pos.: Y (refer to Annex 1)

FCC_15.209 E-Field PK_3m

Level in dBuV/m

Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m

3G

Frequency

FCC_15.209_E-Field_3m

4G 5G 6G

+  Final_Result PK+

Radiated Emissions 1 — 6 GHz
Variant #3

Channel: high

Pos.: Y (refer to Annex 1)

FCC_15.209_E-Field_PK_3m

E
S 55
>
o
5
5
T 50
g RS
45 *
40
35
30
1G 2G 3G 4G 5G 6G
Frequency

Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m

FCC_15.209_E-Field_3m

#  Final_Result PK+
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Radiated Emissions 1 — 6 GHz
Variant #3

Channel: low

Pos.: Z (refer to Annex 1)

FCC_15.209 E-Field PK_3m

Level in dBuV/m

1G 2G 3G 4G 5G 6G
Frequency
Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m FCC_15.209_E-Field_3m * Final_Result PK+
Radiated Emissions 1 — 6 GHz
Variant #3
Channel: middle
Pos.: Z (refer to Annex 1)
80
75 FCC_15.209_E-Field_PK_3m
70
65
60
£
S 55
>
3
£
T 50
3
45
40 ¥
35
30
1G 2G 3G 4G 5G 6G
Frequency
Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m FCC_15.209_E-Field_3m * Final_Result PK+
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Radiated Emissions 1 — 6 GHz
Variant #3

Channel: high

Pos.: Z (refer to Annex 1)

FCC_15.209 E-Field PK_3m

Level in dBuV/m

Preview Result 1-PK+ FCC_15.209_E-Field_PK_3m

3G 4G 5G 6G

Frequency

FCC_15.209_E-Field_3m +  Final_Result PK+

Prescan; Radiated Emissions at Band-Edge
Variant #3
Channel: low

RBUW 1 MHz Marker 3 [T1
VBW 3 MHz
Ref 130 dBuV/m Att 5 dB SWT 2.5 ms

130 Varkdr,

1

74.23 dBUV/:

e A s s (s e O ) s v

30

Center 2.38 GHz 6 MHz/ Span 60 MHz

EUT 3; CH.1
Date: 29.JUN.2017 10:49:19

Prescan; Radiated Emissions at Band-Edge
Variant #3

ROW 1 WHz Marker 1 [T1
VBW 3 MHz
Ref 130 dBuv/m Att 5 dB SWT 2.5 ms
0
L
|
1

30

Center 2.51 GHz 8 MHz/ Span 80 MHz

EUT 3; CH.39
Date: 29.JUN.2017 09:58:13

Note: due to the use of a band reject filter with a pass band of DC to 2350 MHz and 2550 to 6000 MHz,
separate radiated emission measurements with RBW = 1 MHz at the edges of the assigned band were
performed to show compliance outside the filter's pass band. Exceedances close to the band-edge, which
were covered by the band-edge measurement, were not taken into account for this consideration.
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Prescan; Radiated Emissions 6-18 GHz Prescan; Radiated Emissions 6-18 GHz
Variant #3 Variant #3
Channel: low Channel: middle
RBW 1 MHz Marker 1 [ { ]' RBW 1 MHz Marker 1 [vi ] .

[ N N
=

Ly g onputloid bty L it Mo S A A A W s -yt —— ! — 1y ‘WW‘M
EUT 3; CH. 1 EUT 3; CH. 18
Date: 29.JUN.2017 11:13:23 Date: 29.JUN.2017 11:11:52
Prescan; Radiated Emissions 6-18 GHz
Variant #3
Channel: high

[ L

LA e b A A gy L g A b M

EUT 3; CH. 39
Date: 29.JUN.2017 11:12:50

© EMCCons DR. RASEK GmbH & Co. KG 2017

110010ZBA




EMCC™

DR. RASEK

Test Report # EMCC-110010ZBA
Page 86 of 91
Issue Date: 2017-10-06

Test of EnOcean GmbH TCM 515B to 47 CFR § 15.247 and RSS-247 Issue 2

Exploratory rad. emission meas. 18-25 GHz
Variant #3
Channel: low

RBW 1 MHz Marker 1 [T1 ]
VBW 3 MHz 14.30 dBpv
Ref 77 dBuv Att 0 dB SWT 45 ms 23.945512821 GHz
(Al
1 P
MED
1
bl Pt e il Rt o i A VAR o |
Start 18 GHz 700 MHz/ Stop 25 GHz

EUT 3; CH. 1
Date: 29.JUN.2017 11:33:15

Exploratory rad. emission meas. 18-25 GHz
Variant #3
Channel: middle

RBW 1 MHz Marker 1 [T1 ]
VBW 3 MHz 14.70 dBpv
Ref 77 dBuv Att 0 dB SWT 45 ms 22.756410256 GHz

P}

Start 18 GHz 700 MHz/ Stop 25 GHz

EUT 3; CH. 18
Date: 29.JUN.2017 11:33:47

Exploratory rad. emission meas. 18-25 GHz
Variant #3
Channel: high

RBW 1 MHz Marker 1 [T1 ]
VBW 3 MHz 14.43 dBuv
Ref 77 dBuv Att O dB SWT 45 ms 23.440705128 GHz

Start 18 GHz 700 MHz/ Stop 25 GHz

EUT 3; CH. 39
Date: 29.JUN.2017 11:34:19
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12 RF EXPOSURE EVALUATION

Test Requirement: 47 CFR, § 2.1093
RSS-102, Issue 5
Test Procedure: 447498 D01 General RF Exposure Guidance v06

12.1 Regulation

§2.1093 Radiofrequency radiation exposure evaluation: portable devices.

(a) Requirements of this section are a consequence of Commission responsibilities under the National
Environmental Policy Act to evaluate the environmental significance of its actions. See subpart | of part 1 of
this chapter, in particular §1.1307(b).

(b) For purposes of this section, a portable device is defined as a transmitting device designed to be used so
that the radiating structure(s) of the device is/are within 20 centimeters of the body of the user.

(d) The limits to be used for evaluation are based generally on criteria published by the American National
Standards Institute (ANSI) for localized specific absorption rate (“SAR”) in Section 4.2 of “IEEE Standard for
Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to 300
GHz,” ANSVI/IEEE C95.1-1992, Copyright 1992 by the Institute of Electrical and Electronics Engineers, Inc.,
New York, New York 10017. These criteria for SAR evaluation are similar to those recommended by the
National Council on Radiation Protection and Measurements (NCRP) in “Biological Effects and Exposure
Criteria for Radiofrequency Electromagnetic Fields,” NCRP Report No. 86, Section 17.4.5. Copyright NCRP,
1986, Bethesda, Maryland 20814. SAR is a measure of the rate of energy absorption due to exposure to an
RF transmitting source. SAR values have been related to threshold levels for potential biological hazards.
The criteria to be used are specified in paragraphs (d)(1) and (d)(2) of this section and shall apply for
portable devices transmitting in the frequency range from 100 kHz to 6 GHz. Portable devices that transmit
at frequencies above 6 GHz are to be evaluated in terms of the MPE limits specified in §1.1310 of this
chapter. Measurements and calculations to demonstrate compliance with MPE field strength or power
density limits for devices operating above 6 GHz should be made at a minimum distance of 5 cm from the
radiating source.

(2) The SAR limits for general population/uncontrolled exposure are 0.08 W/kg, as averaged over the whole
body, and a peak spatial-average SAR of 1.6 W/kg, averaged over any 1 gram of tissue (defined as a tissue
volume in the shape of a cube). Exceptions are the parts of the human body treated as extremities, such as
hands, wrists, feet, ankles, and pinnae, where the peak spatial-average SAR limit is 4 W/kg, averaged over
any 10 grams of tissue (defined as a tissue volume in the shape of a cube). Exposure may be averaged over
a time period not to exceed 30 minutes to determine compliance with general population/uncontrolled SAR
limits.

(i) General Population/Uncontrolled limits apply when the general public may be exposed, or when persons
that are exposed as a consequence of their employment may not be fully aware of the potential for exposure
or do not exercise control over their exposure.

447498 D01 General RF Exposure Guidance v06

4.3. General SAR test exclusion guidance

4.3.1. Standalone SAR test exclusion considerations

Unless specifically required by the published RF exposure KDB procedures, standalone 1-g head or body
and 10-g extremity SAR evaluation for general population exposure conditions, by measurement or
numerical simulation, is not required when the corresponding SAR Test Exclusion Threshold condition(s),
listed below, is (are) satisfied. These test exclusion conditions are based on source-based time-averaged
maximum conducted output power of the RF channel requiring evaluation, adjusted for tune-up tolerance,
and the minimum test separation distance required for the exposure conditions.28 The minimum test
separation distance defined in 4.1 f) is determined by the smallest distance from the antenna and radiating
structures or outer surface of the device, according to the host form factor, exposure conditions and platform
requirements, to any part of the body or extremity of a user or bystander. To qualify for SAR test exclusion,
the test separation distances applied must be fully explained and justified, typically in the SAR measurement
or SAR analysis report, by the operating configurations and exposure conditions of the transmitter and
applicable host platform requirements, according to the required published RF exposure KDB procedures.
When no other RF exposure testing or reporting are required, a statement of justification and compliance
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must be included in the equipment approval, in lieu of the SAR report, to qualify for SAR test exclusion.
When required, the device specific conditions described in the other published RF exposure KDB procedures
must be satisfied before applying these SAR test exclusion provisions; for example, handheld PTT two-way
radios, handsets, laptops and tablets, etc.29

a) For 100 MHz to 6 GHz and test separation distances < 50 mm, the 1-g and 10-g SAR test exclusion
thresholds are determined by the following:

[(max. power of channel, including tune-up tolerance, mW) / (min. test separation distance, mm)] x
[Nf(GHz)] < 3.0 for 1-g SAR, and < 7.5 for 10-g extremity SAR,

where

- f(GHz) is the RF channel transmit frequency in GHz

- Power and distance are rounded to the nearest mW and mm before calculation

- The result is rounded to one decimal place for comparison

- The values 3.0 and 7.5 are referred to as numeric thresholds in step b) below

The test exclusions are applicable only when the minimum test separation distance is < 50 mm, and for
transmission frequencies between 100 MHz and 6 GHz. When the minimum test separation distance is < 5
mm, a distance of 5 mm according to 4.1 f) is applied to determine SAR test exclusion

RSS-102, 2.5.1 Exemption Limits for Routine Evaluation — SAR Evaluation

SAR evaluation is required if the separation distance between the user and/or bystander and the antenna
and/or radiating element of the device is less than or equal to 20 cm, except when the device operates at or
below the applicable output power level (adjusted for tune-up tolerance) for the specified separation distance
defined in Table 1.

Frequency Exemption Limits (mW)
(MHz) At separation | At separation | At separation | At separation | At separation
distance of distance of distance of distance of distance of

<5 mm 10 mm 15 mm 20 mm 25 mm

<300 71 mW 101 mW 132 mW 162 mW 193 mW

450 52 mW 70 mW 88 mW 106 mW 123 mW

835 17 mW 30 mW 42 mW 55 mW 67 mW

1900 7 mW 10 mW 18 mW 34 mW 60 mW

2450 4 mW 7 mW 15 mW 30 mW 52 mW

3500 2 mW 6 mW 16 mW 32 mW 55 mW

5800 1 mW 6 mW 15 mW 27 mW 41 mW

Output power level shall be the higher of the maximum conducted or equivalent isotropically radiated power
(e.i.r.p.) source-based, time-averaged output power. For controlled use devices where the 8 W/kg for 1 gram
of tissue applies, the exemption limits for routine evaluation in Table 1 are multiplied by a factor of 5. For
limb-worn devices where the 10 gram value applies, the exemption limits for routine evaluation in Table 1 are
multiplied by a factor of 2.5. If the operating frequency of the device is between two frequencies located in
Table 1, linear interpolation shall be applied for the applicable separation distance. For test separation
distance less than 5 mm, the exemption limits for a separation distance of 5 mm can be applied to determine
if a routine evaluation is required.

12.2 Test Equipment

None.
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12.3 Test Result

The power levels are taken from chapter “4.6 Fundamental output power”.

The maximum measured fundamental output power is 4.5 dBm (conducted) resp. 9.5 dBm (EIRP). These
values are used for further consideration as a worst case assumption.

The RF Exposure Evaluation demands a time-averaged output power. Therefore the duty cycle correction
(refer to chapter 2.6) of -14 dB has to be taken into account.

FCC:
Conducted output Duty Cycle Time averaged output power Exclusion Limit
power Correction Factor
[dBm] [dB] [dBm] [mW] [mW]
4.5 -14 -9.5 0.1 10
ISED:
Equivalent Duty Cycle Time averaged equivalent isotropically | Exclusion Limit
isotropically Correction Factor radiated power
radiated power
[dBm] [dB] [dBm] [mW] [mW]
9.5 -14 -4.5 0.4 4

The EUT meets the Exemption Limits for Routine Evaluation for distanced < 5 cm. No further evaluation is
necessary.

Manufacturer: EnOcean GmbH
Device: TCM 515B
Serial No: 434501000092
434501000089
434501000062
Test date: 2017-06-29

The EUT meets the requirements of this section.
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13 MEASUREMENT UNCERTAINTY

Measurement Measurement Uncertainty
Radiated emissions, H field (9 kHz — 30 MHz) +3.0dB
Radiated Emissions (30 MHz — 1000 MHz) +5.7dB
Radiated Emissions (Above 1000 MHz) +5.3dB

The reported uncertainty values are based on a standard uncertainty multiplied by a coverage factor of k=2, providing a
level of confidence of 95%.

If not otherwise stated, the given values are worst case values calculated on the basis of the following documents:
TR 100 028-1 V1.4.1 (2001-12)

TR 100 028-2 V1.4.1 (2001-12)

ISO: Guide to the Expression of Uncertainty in Measurement: 1993.
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14 LIST OF ANNEXES

Following annexes are separated parts from this test report.

Description Pages
Annex 1: Photographs of test set-up 6
Annex 2: Internal photographs of equipment under test (EUTSs) 6
Annex 3: Photographs of ancillary equipment 3
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