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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

1. ATTESTATION OF TEST RESULTS

COMPANY NAME: ECHOSTAR TECHNOLOGIES LLC
90 INVERNESS CIRCLE EAST
ENGLEWOOD CO, 80112, USA

EUT DESCRIPTION: HOME AUTOMATION GATEWAY PRODUCT
MODEL.: ID: 087

SERIAL NUMBER: FCC4

DATE TESTED: March 30, 2015 - April 10, 2015

APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C Pass

UL LLC tested the above equipment in accordance with the requirements set forth in the above
standards. All indications of Pass/Fail in this report are opinions expressed by UL LLC based on
interpretations and/or observations of test results. Measurement Uncertainties were not taken
into account and are published for informational purposes only. The test results show that the
equipment tested is capable of demonstrating compliance with the requirements as documented
in this report.

Note: The results documented in this report apply only to the tested sample, under the
conditions and modes of operation as described herein. This document may not be altered or
revised in any way unless done so by UL LLC and all revisions are duly noted in the revisions
section. Any alteration of this document not carried out by UL LLC will constitute fraud and shall
nullify the document. This report must not be used by the client to claim product certification,
approval, or endorsement by NVLAP, NIST, any agency of the Federal Government, or any
agency of any government.

Approved & Released Prepared By:
For UL LLC By:

Lo £ Mo,

Bart Mucha Jeff Moser
EMC Staff Engineer EMC Program Manager
UL — Consumer Technology Division UL — Consumer Technology Division
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with ANSI C63.10-2009,
FCC CFR 47 Part 2, and FCC CFR 47 Part 15.

Note — Radiated testing above 1GHz was performed on a 1.5m table height, per ANSI C63.10:
2013. All other testing was performed per ANSI C63.10: 2009.

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 12 Laboratory Dr.,
Research Triangle Park, NC 27709, USA.

12 Laboratory Dr., RTP, NC 27709
[ ] Chamber A
X] Chamber C

UL LLC (RTP) is accredited by NVLAP, Laboratory Code 200246-0. The full scope of
accreditation can be viewed at http://ts.nist.gov/standards/scopes/2002460.htm.

4. CALIBRATION AND UNCERTAINTY
4.1. MEASURING INSTRUMENT CALIBRATION

The measuring equipment utilized to perform the tests documented in this report has been
calibrated in accordance with the manufacturer's recommendations, and is traceable to
recognized national standards.

4.2. SAMPLE CALCULATION

Where relevant, the following sample calculation is provided:
Field Strength (dBuV/m) = Measured Voltage (dBuV) + Antenna Factor (dB/m) +
Cable Loss (dB) — Preamp Gain (dB)
36.5 dBuV + 18.7 dB/m + 0.6 dB — 26.9 dB = 28.9 dBuV/m
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REPORT NO: R10526502-RF6A
FCC ID: DKNCS08

DATE: 2015-05-27

4.3. MEASUREMENT UNCERTAINTY

Where relevant, the following measurement uncertainty levels have been estimated for tests

performed on the apparatus:

Test Uncertainty
Conducted Emissions (0.150-30MHz) +/- 2.37 dB
Radiated Emissions (30-1000 MHZz) +/- 6.04 dB (3m)
Radiated Emissions (1-6 GHz) +/- 5.96 dB
Radiated Emissions (6-18 GHz) +/- 6.10 dB

Uncertainty figures are valid to a confidence level of 95%.
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

5. EQUIPMENT UNDER TEST

5.1. DESCRIPTION OF EUT

The EUT, EchoStar’s ID:087 Home Automation Gateway Product, is a controller with a portfolio
of connected devices offered as part of connected home services which allows the user to
manage their home automation connected devices on the TV and their connected mobile hand
held devices.

The EUT contains an 802.11a/b/g/n (n - 20MHz/40MHz) 2x2 MIMO transceiver, along with
Bluetooth, Bluetooth Low Energy, ZigBee and Z-Wave (908 MHz and 916 MHZz) transceivers.

The Z Wave radio utilizes FSK modulation at 9kpbs, 40kbps, and 100kbps. For operation in the
9kbps and 40kbps modes the radio operates at 908.4 or 908.42MHz. For operation in the
100kbps mode the radio operates at 916 MHz.

The Z-wave Plus 900MHz radio in the 1D:087 is derived from the Sigma Designs Inc. SD3503A-
CNES3 chipset.

This report covers the Z-Wave radio. Other reports were issued to cover the other radio
technologies:

R10526502-RF1: 802.11 b/g/n 2.4 GHz
R10526502-RF2: 802.11 a/n 5 GHz
R10526502-RF3: Bluetooth
R10526502-RF4: Bluetooth Low Energy
R10526502-RF5: ZigBee

5.2. MAXIMUM OUTPUT E-FIELD STRENGTH

The transmitter has a maximum output quasi-peak (QP) E-field as follows:

Frequency Range Mode Output QP E-field Strength
(MHz) (dBuV/m)
908.4 40 kbps 90.3
908.42 9.6kbps 90.4
916 100 kbps 89.9
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The Z-wave antenna is a trace antenna on the PCB. The trace antenna has a gain of 1.6dBi.
The 802.11a/b/g/n 2.4/5GHz radio uses two Airgain, model N2420DS series antennas.

WLAN Antenna O has a gain of 3.1dBi in the 2.4GHz band and 2.5dBi in the 5GHz band.
WLAN Antenna 1 has a gain of 3.1dBi in the 2.4GHz band and 2.5dBi in the 5GHz band.

The Zigbee antenna is a trace antenna on the PCB. The trace antenna has a gain of 3dBi.

The Bluetooth antenna is a trace antenna on the PCB. The trace antenna has a gain of 3dBi

5.4. SOFTWARE AND FIRMWARE

The firmware in all units was: Linux kernel version 3.1.10
The driver for Z-wave: ZWave test ZM5304

The driver SW for Zigbee: Nodetest version 1.0

The driver for Bluetooth: HCI Control 1.0

The driver for Wi-Fi: Linux MT7662 0.0.00

The test utility SW: Python Test Scripts rev. 1.0

5.5. WORST-CASE CONFIGURATION AND MODE

The device is a table-top device and was tested in this orientation. The worst-case channel is
determined as the channel with the highest output quasi-peak electric-field strength.
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REPORT NO: R10526502-RF6A

FCC ID: DKNCS08

DATE

. 2015-05-27

5.6.

SUPPORT EQUIPMENT

DESCRIPTION OF TEST SETUP

Support Equipment List

Description Manufacturer Model Serial Number FCCID
EUT AC adapter LITEON PB-1180-2ES1 ETC1444046079 -
Laptop PC HP EliteBook 8470p CNU342CL9z -
Laptop PC AC adapter HP 677774-001 WCNXAOC3USIA7F
I/O CABLES
1/O Cable List
Cable |Port # of identical Connector [Cable Type |[Cable Remarks
No ports Type Length
(m)
1 Ethernet |1 RJ45 CATS5UTP |15 .
Connection between laptop PC
and EUT used to control the
transmitter function of the EUT.
2 DC(12Vv) |1 2CDC Unshielded|1.8
Wall-wart AC adapter DC output
to EUT. Non-detachable.
AC 1 2CAC N/A 0 Wall-wart AC adapter’s AC input.
4 DC 1 2C DC Unshielded|1.8 Laptop AC adapter output to
laptop PC. Non-detachable
5 AC 1 3CAC Unshielded|1.8 Laptop PC power adapter AC
input. Detachable.
TEST SETUP

The EUT was configured as a table-top device connected to a located laptop PC over an
Ethernet cable. This Ethernet connection was used to control the transmitter function of the

EUT.
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REPORT NO: R10526502-RF6A
FCC ID: DKNCS08

DATE: 2015-05-27

SETUP DIAGRAM FOR TESTS

PC Laptop

Wall-wart AC
-| adapter

AC Adapter

AC Mains @

®

AC Mains
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REPORT NO: R10526502-RF6A
FCC ID: DKNCS08

DATE: 2015-05-27

6. TEST AND MEASUREMENT EQUIPMENT

The following test and measurement equipment was utilized for the tests documented in this

report:

Radiated Disturbance Emissions (E-field) — Chamber C

Equip.
ID Description Manufacturer | Model Number Last Cal. Next Cal.
: Sunol
AT0066 f\ybr'd Broadband Sciences JB1 2014-07-10 | 2015-07-31
ntenna
Corp.
Double-Ridged
AT0062 Waveguide Horn ETS Lindgren | 3117 2014-07-22 | 2015-07-31
Antenna, 1 to 18 GHz
SAC G Gain-Loss string for . .
(Hybrid) Hyrbid antenna at 3m Various Various 2015-02-01 | 2016-02-29
SAC_G Gain-Loss string for . .
(3117) 3117 antenna at 3m Various Various 2015-02-01 | 2016-02-29
SA0018 Spectrum Analyzer Agilent N9030A 2014-06-26 | 2015-06-30
SOFTEMI | EMI Software UL Version 9.5 NA NA
HPFO009 1GHz High-pass Filter | Micro-Tronics | HPM17672 2015-01-28 | 2016-01-31
HI0069 IfeTe?/ Humid/Pressure | .\ barmer | 99760-00 2014-06-27 | 2015-06-27
Power-line Conducted Disturbance Emissions - Voltage
Eqml%ment Description Manufacturer Model Number Last Cal. Next Cal.
SA0021 |EMI Test Receiver 9kHz-3.6GHz | Rohde & ESR3 2014-05-26 | 2015-05-31
Schwarz
ATA509 | Coaxial cable, 20 ft., BNC -male| RG-223 2014-09-15 |2015-07-31
to BNC-male
HI0041 Temp/Humid/Pressure Meter Cole-Parmer 99760-00 2015-03-23 [ 2016-03-31
SOFTEMI | EMI Software UL Version 9.5 NA NA
ATA508 Uﬁ‘fiem Limiter, 0.009t0 100 | & -ro-Metrics | EM 7600 2014-09-03 | 2015-09-30
LISNOO2 | LISN, 50-ohm/50-uH, 2- Fischer Custom | FCC-LISN-50-25-2-
(EUT) | conductor, 25A Com. 01-550V 2014-09-04 | 2015-09-30
LISNOO3 | LISN, 50-ohm/50-uH, 2- Fischer Custom | FCC-LISN-50-25-2-
(AUX) | conductor, 25A Com. 01-550V 2014-09-04 | 2015-09-30
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

7. TEST RESULTS

7.1 99% and 20dB BANDWIDTH

LIMITS

None; for reporting purposes only.

TEST PROCEDURE

The transmitter output is connected to the spectrum analyzer. The RBW is set to 1% to 5% of
the 99 % bandwidth. The VBW is set to 3 times the RBW. The sweep time is coupled. The
spectrum analyzer internal 99% bandwidth function is utilized.

RESULTS
Channel Frequency 99% Bandwidth 20dB
(MHz) (kHz) (kHz)
908.4 (40 kbps) 908.4 83.95 66.15
908.42 (9.6 kbps) 908.42 67.24 63.64
916 (100 kbps) 916 111.99 125.2
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REPORT NO: R10526502-RF6A
FCC ID: DKNCS08

DATE: 2015-05-27

99% and 20dB BANDWIDTH

99% and 20dB BANDWIDTH 908.4 MHz (40 kbps

ALIGN AUTO

05:05:03 P Apr 02, 2015

#IFGain:Low

«». Trig:FreeRun

Center Freq: 908.395700 MHz
Avg|Hold: 100/100

#Atten: 10 dB

Radio Std: None

Radio Device: BTS

10 dBldiv Ref 105.00 dBpV

Log

-120

-220

-320

-420

-520

-62.0

-720

Center 908.4 MHz
#Res BW 1kHz

#VBW 3 kHz

Span 200 kHz
Sweep 604.5 ms

Occupied Bandwidth
83.952 kHz
-71 Hz
66.15 kHz

Transmit Freq Error
x dB Bandwidth

Total Power 87.8 dBpV

OBW Power 99.00 %
x dB -20.00 dB
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

99% and 20dB BANDWIDTH 908.42 MHz (9.6 kbps

Agilent Spectrum Analyzer - Occupied BW
il RL RF S0 DO 3 ALIGN AUTO 04:30:37 PM Apr 02, 2015
‘ Center Freq: 908.416000 MHz Radio Std: None
s Trig:Free Run Avg|Hold: 1001100
#IFGain:Low #Atten: 10 dB Radio Device: BTS

10 dB/div Ref 105.00 dBpV
Log

-12.0

-320

-42.0

-62.0

-620

-720

-62.0

-920

Center 908.4 MHz Span 200 kHz
#Res BW 1kHz #/BW 3 kHz Sweep 604.5 ms

Occupied Bandwidth Total Power 87.8 dBpv
67.236 kHz

Transmit Freq Error -237 Hz OBW Power 99.00 %
x dB Bandwidth 63.64 kHz x dB -20.00 dB
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REPORT NO: R10526502-RF6A DATE: 2015-05-27

FCC ID: DKNCS08

99% and 20dB BANDWIDTH 916 MHz (100 kbps

ALIGN AUTO 05:26:06 PM Apr 02, 2015
Center Freq: 915.996000 MHz Radio Std: None
s Trig:Free Run Avg|Hold: 1001100
#IFGain:Low #Atten: 10 dB

Radio Device: BTS

10 dB/div Ref 105.00 dBpV
Log
-12.0

-220

-62.0

-620

-720

-62.0

-920

Span 270 kHz

Center 916 MHz
#Res BW 2 kHz #VBW 6.2 kHz Sweep 203.5 ms

Total Power 87.1 dBpV

Occupied Bandwidth
111.99 kHz

Transmit Freq Error -23 Hz OBW Power 99.00 %

x dB Bandwidth 125.2 kHz x dB -20.00 dB
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REPORT NO: R10526502-RF6A

FCC ID: DKNCS08

DATE: 2015-05-27

7.2. RADIATED EMISSIONS

LIMI

FCC 15.249

Operation within the bands 902-928 MHz, 2400-2483.5 MHz, 5725-5875 MHZ, and 24.0—

24.25 GHz.

(a) Except as provided in paragraph (b) of this section, the field strength of emissions from
intentional radiators operated within these frequency bands shall comply with the following:

Fisld Fi=ld
sirangth of strangth of
Fundamesntal frequency fundamesntal | harmonics
(rnillivaltss {rmic rovalts!
mstar) mster)
Qo2L28 MHz ... 50 R0
2400-2483 5 MHz ...l 50 RO
EF2E-BRTE MHz ... 50 RO
2402425 GHz ...l 250 2500

(d) Emissions radiated outside of the specified frequency bands, except for harmonics, shall be
attenuated by at least 50 dB below the level of the fundamental or to the general radiated emission
limits in 8 15.209, whichever is the lesser attenuation.

) Measure-

Fraquancy (MHz) (mli:é?ﬂ%lnalllgpr?atgr] W?;ntclﬂa-
(metars)

0.008-0480 ... | 2400F(kHZ) Al
0AS-1T05 e | 24000F(kHZ) 30
1705200 . |30 30
B0-B8 e 100 3
822168 ... 160 3
216880 L | 200 3
Abowve 980 ... | 500 3

“Except as provided in paragraph (g), fundamental emis-
sions from intentional radiators opsrating under this ssction
shall not be kcated in the frequancy bands 54-72 MHz, 7&-
88 MHz, 174-216 MHz or 470206
within thess frequency bands is permitted under other sec-
tions of thiz part, &.g., $§15.231 and 15241,

Hz. However, oparation
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

RESULTS

7.2.1. FUNDAMENTAL FREQUENCY RADIATED EMISSION

908.4 MHz, 40kbps: Horizontal
UL-RTFP EMC: Chamker C 1 Apr Z2B13 18:54: 32

FCC 15.249 Fundamental

Customer: Echostar

Project Mumber: 1EDZG5HZ (15LEEAT)
Config: IDEBY (FCC4Y, Z-Uave
Mode: 908.4MHz @4Bkbps

Tested by: M. Nolting

125

o
=

>
275

[4a]

el

5

m
9]

e

Farge (HHz) FEUABL  Ref/fttn  Detifg Tp  Sweep Fts 45upollh
1:5m-064 128K(-6E)FM 1BIAH PERK/Pur Avg(RMS)  Bsec(futol (BB WK

Marker | Frequency | Meter | Det AT0066 |Amp/Cbl/Fitr| Corrected QP Limit Margin | Azimuth | Height | Polarity
(MHz) Reading (dB/m) /Pad Reading (dBuV/m) (dB) (Degs) (cm)
(dBuV) (dBuV/m)
1 896.055 29.82 Pk 22.3 -17.5 34.62 46 -11.38 74 101 H
2 901.14 29.58 Pk 22.3 -17.4 34.48 46 -11.52 74 101 H
3 908.3764 85.54 Qp 22.3 -17.5 90.34 93.98 -3.64 74 101 H
4 951.18 29.11 Pk 23 -17 35.11 46 -10.89 74 101 H
Pk - Peak detector
Qp - Quasi-Peak detector
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

908.4 MHz, 40kbps: Vertical
UL-RTF EMC: Chomber C T Apr 2815 283952

FCC 15,249 Fundomental

Customer: Echostar

Project Number: [B526582 (15LBEEY)
Canfig: IDHB7 (FCC4), Z-Wove
Made: BE3. 4MHz @4Bkbps

Tested by: M. Nolting

125

~

£
~
=

J
[us]
el
—r

m)l
Ul

Freqguency (MHzI

Farge (Hz! RBUMBH  Ref/fittn  Detifig Tup PLs sty

Marker | Frequency | Meter Det AT0066 |Amp/Cbl/Fitr| Corrected QP Limit Margin | Azimuth | Height | Polarity
(MHz) Reading (dB/m) /Pad Reading (dBuV/m) (dB) (Degs) (cm)
(dBuV) (dBuV/m)
1 886.695 29.39 Pk 22.2 -17.6 33.99 46 -12.01 136 156 \Y
2 908.3762 78.12 Qp 22.3 -17.5 82.92 93.98 -11.06 136 156 \Y
3 934.575 29.15 Pk 22.8 -17.1 34.85 46 -11.15 136 156 \Y
4 958.875 28.78 Pk 23 -16.9 34.88 46 -11.12 136 156 \Y
Pk - Peak detector
Qp - Quasi-Peak detector
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

908.42 MHz, 9.6kbps: Horizontal
{55 UL-RTP EMC: Chonber C | Apr 2815  18:18:42

FCC 15.249 Fundamental

: : : : ' Customer: Echostaor
s 3 ; ; ; : Project Number: 18526582 (15LEBET)
; ; ; ; ; Cantig: IDBBY (FCC4), Z-lWave
Mode: 9HE.42MHz 89 .6kbps
Tested by: M, Nolting

A8
)]

a0
%]

~
£

=

=
275

@

T

=

[m)
[

@]
&)

EIMHZ/
Freguency (MH=z2

Range (HHe! REWABN  Fef/fbtn  Dotifvg Typ  Swesp Pis {5upeMade
1:878-968 12BR(-6cB) /M 187AE  PEAK/Fur Rvg(RHS)  Auto 1681 e

Marker | Frequency | Meter Det AT0066 |Amp/Cbl/Fitr| Corrected QP Limit Margin | Azimuth | Height | Polarity
(MHz) Reading (dB/m) /Pad Reading (dBuVv/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
1 896.1 30.4 Pk 22.3 -17.5 35.2 46 -10.8 74 101 H
2 901.14 30.25 Pk 223 -17.4 35.15 46 -10.85 74 101 H
4 908.3958 85.62 Qp 223 -17.5 90.42 93.98 -3.56 74 101 H
3 935.16 28.82 Pk 22.8 -17.1 34.52 46 -11.48 74 101 H
Pk - Peak detector
Qp - Quasi-Peak detector
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

908.42 MHz, 9.6kbps: Vertical
{5 DL=RTP EMC: Chonber C | Apr 2815  2B:31:39

FCC 15.249 Fundamental

Customer: Echostar

Pru\ject Number: 18526582 (15LEBBAT)
Cont'ig: IDEBY (FCC4), Z-Wave

Made: 908 42MHz €9.6kbps

Tested by: M. Nolting

~
£

s

=
275

@

T

=

)l
on

@]
(&)

OF Limit Cdful/m)

EIMHZ/
Freguency (MHz2

Range (HHe! REUABI  Ref/fttn  Detffig Tp  Guesp Pis 45upsMads

Marker | Frequency | Meter Det AT0066 |Amp/Cbl/Fltr| Corrected QP Limit Margin | Azimuth | Height | Polarity
(MHz) Reading (dB/m) /Pad Reading (dBuVv/m) (dB) (Degs) (cm)
(dBuV) (dBuV/m)
1 880.44 29.13 Pk 22.1 -17.6 33.63 46 -12.37 136 156 \
2 908.3964 78.12 Qp 223 -17.5 82.92 93.98 -11.06 136 156 \
3 947.04 29.26 Pk 22.9 -17.1 35.06 46 -10.94 136 156 \Y
4 957.93 30.36 Pk 23 -16.9 36.46 46 -9.54 136 156 \Y
Pk - Peak detector
Qp - Quasi-Peak detector
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

916 MHz, 100kbps: Horizontal

UL-RTP EMC: Chamber C 1 F!pr 2815 19:41: 32
‘ ‘ ‘ i i |FCC 15.249 Fundomental

Custamer! Echostar

Froject Mumber: 1E3ZE5HZ (13LEEA7D
Contlig: IDESY (FCC4Y, Z-love

Mode: 918MHz @1ddkbps

Tested by: M. Malting

125

-
£

-~

>
275

o

o

3

o)}
3]

Frequency CMHz)

Range [HHz) REUBH  Ref/ftin  Det/vg Typ  Sweep PLs 45ups./Hh
1:878-068 128ki-6E)/H 10748 PEAK/Pur Aeg(MS)  Mnsecliute) 1081 HAXH

Marker | Frequency | Meter Det AT0066 |Amp/Cbl/Fitr| Corrected QP Limit Margin | Azimuth | Height | Polarity
(MHz) Reading (dB/m) /Pad Reading (dBuVv/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
1 896.055 30.14 Pk 22.3 -17.5 34.94 46 -11.06 71 101 H
2 916.0254 85.01 Qp 22.4 -17.5 89.91 93.98 -4.07 71 101 H
3 941.46 29.05 Pk 22.8 -17.2 34.65 46 -11.35 71 101 H
4 947.58 28.62 Pk 23 -17 34.62 46 -11.38 71 101 H
Pk - Peak detector
Qp - Quasi-Peak detector
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

916 MHz, 100kbps: Vertical

UL-RTP EMC: Chamber C 1 F!pr 2815 88726
‘ ‘ ‘ i i |FCC 15.249 Fundomental

Custamer! Echostar

Froject Mumber: 1E3ZE5HZ (13LEEA7D
Contlig: IDESY (FCC4Y, Z-love

Mode: 918MHz @1ddkbps

Tested by: M. Malting

125

-
£

-~

>
275

o

o

3

o)}
3]

ol
Jl

Frequency CMHz)

Range [HHz) RBUABH  Ref/fttn  Det/vg Typ  Sweep PLs 45ups/Hh

Marker | Frequency | Meter Det AT0066 |Amp/Cbl/Fitr| Corrected QP Limit Margin | Azimuth | Height | Polarity
(MHz) Reading (dB/m) /Pad Reading (dBuVv/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
1 872.295 29.2 Pk 22 -17.8 334 46 -12.6 140 158 \Y
2 901.095 28.94 Pk 22.3 -17.4 33.84 46 -12.16 140 158 \'%
3 916.0256 77.38 Qp 22.4 -17.5 82.28 93.98 -11.7 140 158 \
4 946.14 29.32 Pk 229 -17.1 35.12 46 -10.88 140 158 \
Pk - Peak detector
Qp - Quasi-Peak detector
Page 22 of 36
UL LLC FORM NO: CCSUP4701i
12 LABORATORY DR., RESEARCH TRIANGLE PARK, NC 27709 TEL: (919) 549-1400

This report shall not be reproduced except in full, without the written approval of UL LLC



REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

7.2.2. HARMONICS AND SPURIOUS EMISSIONS ABOVE 1GHz

908.4 MHz, 40kbps

HBUL*RTP EMC: Chomber C 2 Apr 2015 H9:54.87

Rodioted Emissions 3-Meters

: : Customer:EchoStaor

185 ; ; Project Number: 18526562 (15LEEAT)
: : Contig:1DBE7 (FCC4), Z-Uave
; H Mode: 988, 4MHz 4Bkbps

g5 : : Tested by:B. Kiewra

85

75

65

(dBul /m)

55

‘H ”I“VLJ

‘,,,4%4.. \\Hﬂk‘:qm' ke

;r.‘," Mn m\.ﬂvw e

Freguency [GHzJ

Rorge (6Hz) RELABH Fef/Rttn  Detfivg Typ Sueep Fts  #Gups/Hode Forge (GHz) FEIUABN Reffittn  Det/fvg Typ Sugep Pts #iupsiMare  Posit)
Ti1-1E 1HC-6B)/3H 182/4  PEMK/Fur Rog(RHS)  [Bnsectiuda) 1B HAOH

Marker | Frequency | Meter | Det AT0062 | Amp/Cbl/ 1GHz Corrected | Avg Limit | Margin | Peak Limit | PK Margin| Azimuth | Height | Polarity
(GHz) Reading (dB/m) Fltr/Pad HPF009 Reading | (dBuV/m) | (dB) | (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)

1 2.33 50.03 Pk 32 -36.7 4 45.73 - - 74 -28.27 37 351 H
2.331 32.88 Av 32 -36.7 4 28.58 54 -25.42 - - 37 351 H
2 3.895 49.15 Pk 33.6 -34.9 .5 48.35 - - 74 -25.65 139 377 H
3.896 33.68 Av 33.6 -34.9 .5 32.88 54 -21.12 - - 139 377 H
3 5.45 42.86 Pk 34.5 -32.2 4 45.56 - - 74 -28.44 130 356 H
5.45 27.59 Av 34.5 -32.2 4 30.29 54 -23.71 - - 130 356 H
4 2.333 51.45 Pk 32 -36.7 4 47.15 - - 74 -26.85 359 387 \%
2.331 33.48 Av 32 -36.7 4 29.18 54 -24.82 - - 359 387 \%
5 3.889 48.21 Pk 33.6 -34.9 .6 47.51 - - 74 -26.49 90 251 \%
3.9 31.47 Av 33.6 -34.9 .5 30.67 54 -23.33 - - 90 251 \%
6 5.45 44.45 Pk 345 -32.2 A4 47.15 - - 74 -26.85 87 301 Vv
5.45 27.94 Av 345 -32.2 A4 30.64 54 -23.36 - - 87 301 Vv

Pk - Peak detector
Av - Average detection
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REPORT NO: R10526502-RF6A
FCC ID: DKNCS08

DATE: 2015-05-27

908.42 MHz, 9.6kbps

UL-RTP EMC:

Chomber C

2 Apr 2R15

1R 38

11

Rodioted Emissions 3-Meters

Customer:EchoStor

PPDJEDt Number: 185265682 (15LEBBET)
Cantig: 1087 (FCC4), 7-lWave
Mode: 98B, 42MHz 9, Bkbps

Tested by:B. Kiewra

—~

E
RS
=

J
[ai}
ol
—

o b
*|£l WW‘W |)*¢WH “

Lol b L il

Ao B il y
l"*r\i'i 'MM_L-w'wmwrhW"W“ diakd

ﬁ ;

il v‘- ‘uh«n «-",‘N.WWA*'

Mg%«mﬂ# WWM

|i||nl H

Freguency [GHzJ

Forge (6Hz)
1:1-18

REU/ABI

M-/ 3

Fef/Attn
18244

Detfivg

Tup Jueep

FERK/Fur hug(RNS)  Auto

Fts  #5ups/Hode
18 HAXH

Forge (BHz)

FEU/VBI

Ref/httn

Det/Avy Typ

Sueep

Pts 4upsitack

Pos it

Marker |Frequency| Meter | Det AT0062 |Amp/Cbl/FI 1GHz Corrected| Avg Limit | Margin | Peak Limit |PK Margin | Azimuth | Height | Polarity
(GHz) | Reading (dB/m) tr/Pad HPFO09 | Reading | (dBuV/m) | (dB) | (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)

1 2.35 50.19 Pk 32 -36.6 .5 46.09 - - 74 -27.91 53 352 H
2.349 32.75 Av 32 -36.6 .5 28.65 54 -25.35 - - 53 352 H

2 3.912 46.77 Pk 33.6 -34.9 .6 46.07 - - 74 -27.93 103 355 H
3.912 32.93 Av 33.6 -34.9 .6 32.23 54 -21.77 - - 103 355 H

3 5.45 42.5 Pk 34.5 -32.2 4 45.2 - - 74 -28.8 162 364 H
5.45 27.42 Av 34.5 -32.2 4 30.12 54 -23.88 - - 162 364 H

4 2.347 51.6 Pk 32 -36.6 .5 47.5 - - 74 -26.5 97 334 Vv
2.347 33.55 Av 32 -36.6 .5 29.45 54 -24.55 - - 97 334 \%

5 3.889 50.68 Pk 33.6 -34.9 .6 49.98 - - 74 -24.02 251 253 \%
3.888 33.72 Av 33.6 -34.9 .6 33.02 54 -20.98 - - 251 253 \%

6 5.45 43.78 Pk 345 -32.2 4 46.48 - - 74 -27.52 297 246 \%
5.45 27.68 Av 345 -32.2 4 30.38 54 -23.62 - - 297 246 \%

Pk - Peak detector
Av - Average detection
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

916 MHz, 100kbps
s UL-RTP EMC: Chomker C 2 Apr 2815 B 4d 41

Rodiocted Emissions 3-Meters

: H Customer:EchoStar

185 3 : Praject Number: 1B526582 (15LBBA7)
; ; Config: 10887 (FCC4), Z-Wave
' : Mode: 916MHz 1BBkbps

g5 : Tested bHIB‘ Kiewra

85

Peak Limit CdBuU/m) |
75

65

—~

E
s
=

3
[
5
s

55

7
45 3

i
‘ H b L M| 'l ! dhy |!L\Nl"“|‘\ “Ir ‘I‘I\q”
35 ﬁ.“”ﬂ‘“ﬁ‘ﬂ‘ i !“5\.%1“@'.9.' f mriwu,m.mm L s

Td
Freguency [GHzI

Ronge (6Hz) REU/ABH Fef/fttn  Det/fvg Typ Sneep Pts 1Supsitode Range (GHz) FEU/UBH Reffttn  Detifvg Typ Sueep Pts #9upsitoce  Posit
1i1-10 TH(-GcB1/3M 18244 PERK/Fur Rog(RES]  IBmsectfuta) 18 HAH

Marker |Frequency| Meter | Det AT0062 |Amp/Cbl/FI 1GHz Corrected| Avg Limit | Margin | Peak Limit |PK Margin | Azimuth | Height | Polarity
(GHz) | Reading (dB/m) tr/Pad HPFO09 | Reading | (dBuV/m) | (dB) | (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
1 2.34 49.17 Pk 32 -36.6 4 44.97 - - 74 -29.03 46 303 H
2.34 32.68 Av 32 -36.6 4 28.48 54 -25.52 - - 46 303 H
2 3.888 49.7 Pk 33.6 -34.9 6 49 - - 74 -25 139 375 H
3.885 31.89 Av 33.6 -34.9 6 31.19 54 -22.81 - - 139 375 H
3 5.496 39.81 Pk 34.5 -32.1 4 42.61 - - 74 -31.39 53 250 H
5.496 27.18 Av 34.5 -32.1 4 29.98 54 -24.02 - - 53 250 H
4 1.832 44.22 Pk 30.7 -37.9 .6 37.62 - - 74 -36.38 314 318 \%
1.832 31.28 Av 30.7 -37.9 .6 24.68 54 -29.32 - - 314 318 \%
5 2.333 52.34 Pk 32 -36.7 4 48.04 - - 74 -25.96 347 262 \%
2.333 35.73 Av 32 -36.7 4 31.43 54 -22.57 - - 347 262 \%
6 3.889 50.66 Pk 33.6 -34.9 .6 49.96 - - 74 -24.04 249 335 \%
3.888 33.94 Av 33.6 -34.9 .6 33.24 54 -20.76 - - 249 335 \%
7 5.496 40.97 Pk 345 -32.1 4 43.77 - - 74 -30.23 100 215 \%
5.496 27.19 Av 345 -32.1 4 29.99 54 -24.01 - - 100 215 \%

Pk - Peak detector
Av - Average detection
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

7.2.3. WORST-CASE BELOW 1 GHz

SPURIOUS EMISSIONS 30 TO 1000 MHz

UL-RTF EMC: Chamker C 1 Apr ZHI1S 21:87:58
' | | | o ERadiated Emissions — 3 Meters

Customer: Echostar

Project Number: 1H5Z2658Z (15LBAB/)
VComfig: IDBEY (FCC4), Z-Uave

VMode! Worst-caze chormnel & dota rote

Tested by: M. Nolting

an
l

on
w

CdBul/m)
I
[9)]

o}
&3]

e

Frequency (MHz1

Range (Miz) RBLVBU Refffittn  Det/fg Typ  Suesp Pts $aupsMyg  Rorge (Miiz) BB Refifttn  Det/fvg Typ  Sueep Pts $dups/Mode  Po
1. 38-2H0 120k (-GaB) /M 97VIB PEAK/Pur fvg(RMS)  Gmsectiuto) 4880 WA | 3266-To6a 120k (-fB1 /1M 97AB PEAKPwr fegURHS)  24msectfuto) DAED WO iH

Marker | Frequency Meter Det AT0066 Amp/Cbl/Fltr/| Corrected QPk Limit Margin | Azimuth | Height | Polarity
(MHz) Reading (dB/m) Pad Reading (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuVv/m)
5 49.0482 47.37 Qp 8.2 -21.4 34.17 40 -5.83 70 100 \%
7 49.8461 47.62 Qp 7.9 -21.4 34.12 40 -5.88 23 101 \
8 51.8127 44.74 Qp 7.3 -21.3 30.74 40 -9.26 64 122 \%
1 145.26 37.95 Pk 13 -20.6 30.35 43.52 -13.17 0-360 200 H
2 167.9975 40.88 Pk 119 -20.4 32.38 43.52 -11.14 0-360 200 H
3 240.15 41.82 Pk 11.5 -20.1 33.22 46.02 -12.8 0-360 101 H
4 250.0047 48.97 Qp 11.5 -20 40.47 46.02 -5.55 264 115 H
6 250 44.41 Pk 11.5 -20 35.91 46.02 -10.11 0-360 200 Vv
Pk - Peak detector
Qp - Quasi-Peak detector
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

8. AC POWER LINE CONDUCTED EMISSIONS

LIMITS

FCC §15.207 (a)

Frequency of Emission (MHz) Conducted Limit (dBuV)
(uasi-peak Average
0.15-0.5 b to 56 56 to 46
0.5-5 56 46
5-30 fl) a0

Decreases with the logarthm of the frequency.

TEST PROCEDURE

Consistent with ANSI C63.4 and ANSI C63.10.
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REPORT NO: R10526502-RF6A
FCC ID: DKNCS08

DATE: 2015-05-27

RESULTS

LINE 1 RESULTS

185

95

85

75

dECulal =)

m
1

n
Ul

N
n

]
Ul

18 Apr ZB15 21:18:88

UL-RTF EMC

FCC

Mode

15.287 Limits

CUSTOMER
MODEL#:

Echostar (15LEBHHET7]
IDBB7 (FCC4)

/-wave worst-cose
Conductor: LI
TESTED BY: M. Nolting

15 18 36
Frequency (MHz)
Marker | Frequency Meter Det LISN (dB) Limiter & | Corrected QP Limit | QP Margin | Average Average
(MHz) Reading Cable (dB) Reading (dB) Limit Margin
(dBuV) (dBuV) (dB)
1 .17025 42.31 Qp 3 9.4 52.01 64.95 -12.94 - -
2 17475 34.19 Ca 3 9.4 43.89 - - 54.73 -10.84
3 .20625 37.66 Qp 2 9.4 47.26 63.35 -16.09 - -
4 .21075 29.44 Ca 2 9.4 39.04 - - 53.18 -14.14
5 .24 34.99 Qp 2 9.4 44.59 62.1 -17.51 - -
6 .2445 27.13 Ca 2 9.4 36.73 - - 51.94 -15.21
8 .3885 27.21 Ca 1 9.4 36.71 - - 48.1 -11.39
7 .3975 35.87 Qp 1 9.4 45.37 57.91 -12.54 - -
9 42225 38.5 Qp d 9.4 48 57.4 -9.4 - -
10 42225 30.74 Ca A 9.4 40.24 - - 47.4 -7.16
11 3.45075 29.67 Qp 0 9.5 39.17 56 -16.83 - -
12 3.45413 21.08 Ca 0 9.5 30.58 - - 46 -15.42

Qp - Quasi-Peak detector
Ca - CISPR average detection
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REPORT NO: R10526502-RF6A DATE: 2015-05-27
FCC ID: DKNCS08

LINE 2 RESULTS
UL-RTP EMC 18 Apr ZB15 21:23:23
' ‘ oo b ‘ FCC 15.287 Limits

185

g o 5 CUSTOMER: Echostar (15L5887)
95 e R MODEL#: TDBS7 (FCC4)

; : : [ : : Mode: Z-wove worst—case

o | Conductor: L2
S 1a] I ______________ __________ TESTED BY: M. Nolting

75 b oo

[m)
&)

n
Ul

dECulal =)

N
n

]
Ul

25 -1

Frequency (MHz)

Marker | Frequency Meter Det LISN (dB) Limiter & | Corrected QP Limit | QP Margin | Average Average
(MHz) Reading Cable (dB) Reading (dB) Limit Margin
(dBuVv) (dBuVv) (dB)
1 177 41.94 Qp 3 9.4 51.64 64.63 -12.99 - -
2 177 34.46 Ca 3 9.4 44.16 - - 54.63 -10.47
3 213 37.17 Qp 2 9.4 46.77 63.09 -16.32 - -
4 213 30.13 Ca 2 9.4 39.73 - - 53.09 -13.36
5 249 34.54 Qp 2 9.4 44.14 61.79 -17.65 - -
6 249 28.18 Ca 2 9.4 37.78 - - 51.79 -14.01
7 .28275 32.2 Qp 1 9.4 41.7 60.73 -19.03 - -
8 .285 26.14 Ca 1 9.4 35.64 - - 50.67 -15.03
10 .39075 29.89 Ca 1 9.4 39.39 - - 48.05 -8.66
9 .39975 35.54 Qp A 9.4 45.04 57.86 -12.82 - -
11 4245 37.9 Qp A 9.4 47.4 57.36 -9.96 - -
12 142675 32.92 Ca A 9.4 42.42 - - 47.32 -4.9

Qp - Quasi-Peak detector
Ca - CISPR average detection
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