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1. ATTESTATION OF TEST RESULTS

COMPANY NAME: Echostar Technologies LLC
EUT DESCRIPTION: 802.11a/b/g/n 2.4/5GHz Radio
MODEL: 1D:093
SERIAL NUMBER: 2161167 (Conducted); 2161165 (Radiated)
DATE TESTED: July 13 — August 10, 2015
APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart E Pass

UL Verification Services Inc. 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
Verification Services Inc. 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 Verification Services Inc. and all revisions are duly noted in the revisions section. Any
alteration of this document not carried out by UL Verification Services Inc. 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

For UL Verification Services Inc. By: Tested By:
/-' Bt
P M/Z§ 4 e }/_ _
PENG ZHANG JONATHAN HSU
CONSUMER TECHNOLOGY DIVISION CONSUMER TECHNOLOGY DIVISION
PROJECT LEAD LAB ENGINEER
UL VERIFICATION SERVICES INC UL VERIFICATION SERVICES INC
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2. TEST METHODOLOGY

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

Testing for radiated emissions above 1GHz was performed with the EUT elevated at 1.5m instead of
0.8m. This test height has been permitted by FCC as discussed in FCC/TCB conference call in December
2014,

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 47173 and 47266 Benicia
Street, Fremont, California, USA. Line conducted emissions are measured only at the 47173 address.
The following table identifies which facilities were utilized for radiated emission measurements
documented in this report. Specific facilities are also identified in the test results sections.

47173 Benicia Street 47266 Benicia Street
X] Chamber A(IC: 2324B-1) [ ] Chamber D(IC: 2324B-4)
[ ] Chamber B(IC: 2324B-2) [ ] Chamber E(IC: 2324B-5)
[ ] chamber C(IC: 2324B-3) [ ] Chamber F(IC: 2324B-6)

[ ] chamber G(IC: 2324B-7)

[ ] Chamber H(IC: 2324B-8)

UL Verification Services Inc. is accredited by NVLAP, Laboratory Code 200065-0. The full scope of
accreditation can be viewed at http://ts.nist.gov/standards/scopes/2000650.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.
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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

4.3. MEASUREMENT UNCERTAINTY

Where relevant, the following measurement uncertainty levels have been estimated for tests performed
on the apparatus:

PARAMETER UNCERTAINTY
Conducted Disturbance, 0.15 to 30 MHz 3.52dB
Radiated Disturbance, 30 to 18000 MHz 4,94 dB

Uncertainty figures are valid to a confidence level of 95%.
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5. EQUIPMENT UNDER TEST

5.1. DESCRIPTION OF EUT

The EUT is an 802.11a/b/g/n 2.4/5GHz Radio.

5.2. MAXIMUM OUTPUT POWER

The transmitter has a maximum conducted output power as follows:

Frequency Range Mode Total Output Total Output

Power Power
(MHz) (dBm) (mWw)
5180 - 5240 802.11a 15 31.62
5745 - 5825 802.11a 14 25.12
5180- 5240 802.11n HT20 14.5 28.18
5745 - 5825 802.11n HT20 13.5 22.39
5190- 5230 802.11n HT40 13 19.95
5755 - 5795 802.11n HT40 12 15.85

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes an FPCB antenna, with a maximum gain of 5.2 dBi.
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5.4. WORST-CASE CONFIGURATION AND MODE

Radiated emission and power line conducted emission were performed with the EUT set to transmit at
the channel with highest output power as worst-case scenario.

The fundamental of the EUT was investigated in three orthogonal orientations X,Y,Z, it was determined
that the X orientation was worst-case orientation; therefore, all final radiated testing was performed
with the EUT in the X orientation.

Based on the baseline scan, the worst-case data rates were:

802.11a mode: 6 Mbps
802.11n HT20mode: MCS0O

802.11n HT40mode: MCSO
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5.5.

SUPPORT EQUIPMENT

DESCRIPTION OF TEST SETUP

Support Equipment List

Description Manufacturer Model Serial Number FCCID
Laptop HP N/A N/A N/A
Laptop Charger HP N/A N/A N/A
I/O CABLES
1/0 Cable List
Cable |Port # of identical [Connector [Cable Type |Cable Remarks
No ports Type Length (m)
1 Ethernet (1 RJ-45 Unshielded [1m N/A
TEST SETUP

The EUT is setup as a stand-alone device.

SETUP DIAGRAM FOR TESTS

EUT
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SETUP DIAGRAM FOR AC LINE TESTS

KEYBOARD

LAPTOP

AC
ADAPTER

ROUTER

MAIN POWER SOURCE
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6. TEST AND MEASUREMENT EQUIPMENT

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

Test Equipment List
Description Manufacturer [Model Asset Cal Due
Spectrum Analyzer, 44 GHz Agilent / HP E4446A C01069 |12/20/15
Spectrum Analyzer,9KHz-40GHz HP 8564E C00986 |04/01/16
EMI Test Receiver, 9 kHz-7 GHz R&S ESCI 7 1000741 |08/13/15
EMI Test Receiver, 30 MHz R&S ESHS 20 N02396 |08/18/15
Peak Power Meter Agilent / HP E4416A C00963 |12/13/15
Peak / Average Power Sensor Agilent / HP E9327A C00964 |12/13/15
Antenna, Horn, 1-18 GHz ETS 3117 C01022 02/21/16
Antenna, Horn,18- 26 GHz ARA MWH-1826/B |C00946 |11/12/15
Antenna, Horn, 26-40 GHz ARA MWH-2640 C00891 |06/28/16
Antenna, Bilog, 30MHz-1 GHz Sunol Sciences |JB1 T243 03/06/16
RF Preamplifier, 100KHz -> 1300MHz _ |HP TBD C00825 |06/01/16
RF Preamplifier, 1GHz - 18GHz Miteg NSP4000-SP2 [924343 |03/23/16
RF Preamplifier, 1GHz - 26.5GHz HP 8449B FO0351 |06/27/16
AC Power Supply, 2,500VA 45-500Hz | Elgar-Ametek CW2501M F00013 |CNR
RF Preamplifier, 1GHz - 40GHz Miteg NSP4000-SP2 [C00990 |08/20/15
Attenuator / Switch driver HP 11713A F00204 |CNR
Low Pass Filter 3GHz Micro-Tronics LPS17541 F00219 |05/23/16
High Pass Filter 5GHz Micro-Tronics HPS17542 F00222 |05/22/16
High Pass Filter 6GHz Micro-Tronics HPM17543 F00224 |05/22/16
Radiated Software UL UL EMC Ver 9.5, July 22, 2014
Conducted Software UL UL EMC Ver 9.5, May 17 2012
CLT Software UL UL RF Ver 1.0, Feb 2 2015
Antenna Port Software UL UL RF Ver 2.1.1.1, Jan 20 2015
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7. SUMMARY TABLE

FCC Part RSS Test Description Test Limit Test Test Worst Case
Section Section Condition Result
15.407 (a) RSS-247 Occupied Band width (26dB) N/A Pass 50.74 MHz
15.407 R8682_2447 6dB Band width (5.8Ghz) 500KHz Pass 15.63 MHz
15.407 RSS-247 |TXCond. Power5.15-2.25, 5.25- <24dBm or Pass 15 dBm
@) 6.2 5.35 & 5.47-5.725 11+10Log(OBW)
15.407 RSS-247 < 30dBm or Conducted
@@) 6.2.4 TX Cond. Power 5.725-5.825 17+10Log(OBW) Pass 14 dBm
15.407 RSS-247
2)(5) 6.2 PSD (5.2,5.3,5.5GHz) <11dBm Pass 5.72 dBm
1(55)‘:2)7 RS&SZ—-2447 PSD (5.8GHz) 30dBm per 500kHz Pass -0.69 dBm
15.207 (a) | RSS-GEN |AC Power Line conducted Section 10 Pass [49.42dBuV(QP)
8.8 emissions Radiated
fféﬂzéz) RS;;/;?EN Radiated Spurious Emission < 54dBuVv/m Pass 52.64 dBuVv/m
15.407 RSS-247 Radiated /
h)(2) 6.3 Dynamic Frequency Selection N/A Condcuted Pass N/A
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8. ON TIME, DUTY CYCLE AND MEASUREMENT METHODS

None; for reporting purposes only.

PROCEDURE

KDB 789033 Zero-Span Spectrum Analyzer Method.

8.1. ON TIME AND DUTY CYCLE RESULTS
Mode ON Time|Period| Duty Cycle| Duty Duty Cycle 1/T
B X Cycle |Correction Factor | Minimum VBW
(msec) |(msec)| (linear) (%) (dB) (kHz)
802.11a 2.04] 2.10 0.973| 97.3% 0.12 0.490
802.11n HT20 1.90 2 0.971 97.1% 0.13 0.526
802.11n HT40 0.94 1 0.965( 96.5% 0.15 1.059
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8.2.

DUTY CYCLE PLOTS

DUTY CYCLE 802.11a MODE

- Agilent 11:09:38 Aug 1, 2015

L

|Freq/ChanneI

Ref 38 dBm

Atten 40 dB

a Mkr2  2.896 ms
1.234 dB

#Peak

Center Freqg
L.20000888 GHz

2R
Q

12| |

Start Freq
5.20000880 GHz

Stop Freq
L.20000888 GHz

#PAvy

CF Step
3.00000880 MHz
Auto Man

Center 5.200 808 GHz

Res BH 8 MHz

#YBH 56 MHz

Sweep 4 ms (1001 pts)

Span @ Hz

Marker
1R
la
2R
2a

Trace
(1
(&)
(1
(1

Type
Tima
Time
Tima
Time

W Axis
1.8E me
2.84 me
1.8E me

2896 m=

Amplitude

268,85 dBn
8.43 dE

268,85 dBn 0
1.23 dB n

Freq Offset
B.66000868 Hz

Signal Track
OFf]
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DUTY CYCLE 802.11n HT20 MODE

s Aglent 12:04:49 Fug 1, 2015 -

a Mkr2  1.956 ms
B.624 dB

Freg/Channel

Center Freq
Ref 39 dBm
#Peak 5.20000880 GHz

Log R
dB/ 5.20060888 GHz
Offst

5%‘5 Stop Freq

5.20000000 GHz

Atten 40 dB

CF Step
5.00000800 MHz
#PAvg Auto Man

Span @ Hz
Sweep 4 ms (1001 prs || o rASES
fimplituda )
Signal Track
On 0Off

Center 5.200 880 GHz
Res BH 8 MHz #\BH 50 MHz

Marker Trace H Axiz
(1 1.892 mg
(&8 1.9 ms
(1 1.892 mg
(&8 1.956 ms

19.32 dBm
A.81 dB
19.32 dBm
A.62 dB

DUTY CYCLE 802.11n HT40 MODE

R T

978 us Certer F
.0.17 dB erier rreq
| | £.19000000 GHz

W Agilent 11:35:08 Aug 11, 2015 Freg/Channel

A Mki2

Ref 20 dBm #Atten 30 dB
#Peak | 2R | | | oz |
b 1

Stait Freq
519000000 GHz

Stop Freq
£.19000000 GHz

CF Step
8.00000000 MHz
Auto Man

Span 0 Hz
Freq Cifset
Sweep 2 ms (1001 pis) 0 []UUU?]U[]U Hz
Amplijude i
7.24 dBm
9.28 a8 Signal Track
On Cf

Center 5.190 000 GHz
Res BW & MHz #VBW 50 MHz

Maiker R Axiz
1R ) 5323 ys
1A i) 944 s
IR 1) 522 ys
2 i1 878 us

7.24 dBm
-0.17 dB
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9. MEASUREMENT METHOD
789033 D02 General UNII Test Procedures New Rules v01

The Duty Cycle is less than 98% and consistent therefore KDB 789033 Method SA-2 is used for .power
and PPSD

The Duty Cycle is less than 98% and consistent, KDB 789033 Method AD with Power RMS Averaging and
duty cycle correction is used.
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10. ANTENNA PORT TEST RESULTS
10.1. 6 dB BANDWIDTH

LIMITS

FCC §15.407

The minimum 6 dB bandwidth shall be at least 500 kHz.

TEST PROCEDURE

Reference to 789033 D02 General UNII Test Procedures New Rules vO1: The transmitter output is connected
to a spectrum analyzer with the RBW set to100KHz, the VBW >= 3 x RBW, peak detector and max hold.

RESULTS
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FCCID: DKNHG
10.1.1. 802.11a MODE IN THE 5.8 GHz BAND
Channel|Frequency|6 dB Bandwidth| Minimum Limit
(MHz) (MHz) (MHz)
Low 5745 16.290 0.5
Mid 5785 16.350 0.5
High 5825 15.930 0.5
Worst 16.350
10.1.2. 802.11n HT20 MODE IN THE 5.8 GHz BAND
Channel|Frequency|6 dB Bandwidth| Minimum Limit
(MHz) (MHz) (MHz)
Low 5745 16.290 0.5
Mid 5785 16.290 0.5
High 5825 15.630 0.5
Worst 16.290
10.1.3. 802.11n HT40 MODE IN THE 5.8 GHz BAND
Channel|Frequency|6 dB Bandwidth| Minimum Limit
(MHz) (MHz) (MHz)
Low 5755 33.405 0.5
High 5795 33.405 0.5
Worst 33.405
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10.1.4. 6 dB BANDWIDTH MID CH PLOTS

11a 5.8 Mid Ch 11n HT20 5.8 Mid Ch
# Agilent 161853 Aug 1, 2015 R T |Fieg/Channel Agilent 16:2412 Aug 1, 2015 R T |Freg/Channel
AMKI1 16.35 MHz Certer F 4 Mkr1 16.29 MHz Certer F

Rel 20 dBm Atten 20 dB -0.48 dB erler Freq Rel 20 dBm Atten 20 dB -0.20 dB erier Freq

4Peak 578500000 GHz APealk £.78500000 GHz

Log Log

10 Stait Freq 10 Start Freq

dB/ = ! 577000000 GHz dB/ [ £.77000000 GHz

Ofist QI@M?’Q@M’W Offst B RS TL

10.5 10.5

e l i Stop Freg 4B ,}J Stop Freq
530000000 GHz 5.80000000 GHz

DI . . DI _ﬂ. I "

EX] i 3.0 A

e P i crstep| | [agm Bt W] CF Step
3.00000000 MHz 3.00000000 MHz

#PAvg Auto Mzn #PAvg Auto Wan

V1 52 Freq Ciiset V1 52 Freq Clfset

$3 FC 0.00000000 Hz 53 FC 0.00000000 Hz

AA| AA|

aff): afl): _

FTun Signal Track FTun Signal Track

Swp on f Swp on cf

Center 5.785 00 GHz Span 30 MHz Center 5.785 00 GHz Span 30 MHz

#Res BW 100 kHz #VBW 300 kHz Sweep 20 ms (1001 pts) #Res BW 100 kHz #WVBW 300 kHz Sweep 20 ms (1001 pis)

11n HT40 5.8 Mid Ch

5755000000 SR, L e Frequency
e RERAER e
Center Freq
‘Start Freq)|
AL P S N plticfj 5728500000 GHz|
f | Stop Freq|
" i 5780500000 GHz
Sl .
e g CF Stey
Freq Offset
Center 5.75500 GHz ‘Span 51.00 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 4.93 ms (1001 pts)
wsa [
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FCCID: D

KNHG

DATE: Aug 10, 2015

10.

LIMITS

2. 26 d

B BANDWIDTH

None; for reporting purposes only.

RESULTS
10.2.1. 802.11a MODE IN THE 5.2 GHz BAND
Channel|Frequency|26 dB Bandwidth
(MHz) (MHz)
Low 5180 40.02
Mid 5200 37.85
High 5240 38.78
Worst 40.02
10.2.2. 802.11n HT20 MODE IN THE 5.2 GHz BAND
Channel|Frequency|26 dB Bandwidth
(MHz) (MHz)
Low 5180 38.31
Mid 5200 41.94
High 5240 37.24
Worst 41.94
10.2.3. 802.11n HT40 MODE IN THE 5.2 GHz BAND
Channel|Frequency|l26dB Bandwidth
(MHz) (MHz)
Low 5190 46.34
Mid 5230 50.74
Worst 50.74
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10.2.1. 802.11a MODE IN THE 5.8 GHz BAND
Channel|Frequency| 26 dB Bandwidth
(MHz) (MHz)
Low 5745 23.24
Mid 5785 25.90
High 5825 25.79
Worst 25.90
10.2.1. 802.11n HT20 MODE IN THE 5.8 GHz BAND
Channel[Frequency| 26 dB Bandwidth
(MHz) (MHz)
Low 5745 21.90
Mid 5785 24.12
High 5825 24.78
Worst 24.78
10.2.2. 802.11n HT40 MODE IN THE 5.8 GHz BAND
Channel|Frequency|26 dB Bandwidth
(MHz) (MHz)
Low 5755 46.27
High 5795 47.88
Worst 47.88
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10.2.1.

26 dB BANDWIDTH PLOTS

11a 5.2 Mid Ch

11a 5.8 Mid Ch

i Agilent 12:18:26 Aug 8, 2015 L Freq/Channel Agilent 12:55:44 Pug 8, 2915 L Freq/Channel
APY3.3(880515),, Conducted B a Mkrl 37.848 MHz ¢ F APv3.3(888515),, Conducted B a Mkrl 25.898 MHz ¢ F
Ref 20 dBm #Atten 20 dB 8.154 dB enter Freq Ref 20 dBm #Atten 20 dB -8.456 dB enter Freq
wbok . GHz hoak 5.785 6Hz
Log Log
19 Wl pafontied StartFreq 19 Start Freq
dB/ ;’}M T 517150800 GHz| | [dB/ R o 576550000 Ghiz
Offst j Offst '
},S"‘ 1R i ,é Stop Freq 55@34 Stop Freq
W 5.22350060 GH: “J’ 580450900 GH
Ylag ,{W‘W Wi i Do S \!:L“‘rli -
i "'ﬁ' CF step| | |> il ) CF Step
Lt \,ﬁpw 5 70000000 MHz 3.90000000 MHz
;PRVQ il u 0 Man IPHVE’ Futo Man
U1 os2 || Freq foset vl 52 Freq Offset
3 F . $3 FS . Hz|
AR |I— AR
ﬁfu)n | Signal Track ﬁ[,)n Signal Track|
Swp | Swp On 0ff
]
Center 5.200 000 GHz Span 57 MHz Center 5.785 000 GHz Span 39 MHz
#Res BH 560 kHz #\BH 1.6 MHz Sweep 1 ms (1001 pts) #Res BH 398 kHz #UBH 1.3 MHz Sweep 1 ms (1001 pts)
Copyright 2000-2011 Agilent Technol | Copyright 2000-2011 Agilent Technol |
11n HT20 5.2 Mid Ch 11n HT20 5.8 Mid Ch
Agilent 12:28:33 Aug 8, 2015 L Freq/Channel Agilent 13:16:50 Aug 8, 2015 L Freqg/Channel
APv3.3(080515),, Conducted B a Mkrl 41.949 MHz Center Freq APw3.3(888515),, Conducted B a Mkrl 24.124 MHz Center Freq
Egiiﬁ dBm #Atten 28 dB 1.920 dB : [T Eséai@ dBm #ftten 20 dB 8.221 dB © 7850000 Gl
Log | * Log
18 o Start Freq 1@ StartFreq
dB/ ﬁw " 5.16850000 GHz dB/ Mtk Lo bothdtu | 576650000 GHz
Dfst ( ]‘ﬁ. Offst /“ LA i i
ﬁ%“ i - Stop Freq },g" Stop Freq
o ; 1 5.23150908 GHz ol iR 'J n 5.89350008 GHz
-16.4 -21.5 i i
CF Step f MM CF Step
o . 6.30000000 mrz| | |©" itk | 5 7000000 iz
#PFug Autn Man #PRvg T |HLt
— 1
v sz || Freq Dffset, v 52 Freq Offset,
53 FS 0. Hz| S3 F 0. He
Al IIt A
. | .
ﬁz)n | Signal Track ﬁ[‘)n Signal Track
Swp | on Off Sup n O]
|
Center 5.200 690 GHz Span 63 MHz Center 5.785 890 GHz Span 37 MHz
#Res BH 628 kHz #BH 1.5 MHz Sweep 1 ms (1001 pts) #Res BH 368 kHz #UBH 1 MHz Sweep 1 ms (1001 pts)

Copyright 2000-2011 Agilent Technologies

Copyright 2000-2011 Agilent Technologies

11n HT40 5.2 Mid Ch

0 dBidiv
Log

11n HT40 5.8 Mid Ch

=

IGHAUT | 0335, 11PH A 02 L e Twe ) o4:20.28PH A2
enier Freq 5190000000 GHz #Avg Typa: RMS aze Frequancy ep Time 100 ms #Ava Type: RMS w Swesp/Control
s Trig:Free Run TvREp FHOFa == Trig:Free Run
IF(-m Low #Atten: 20 dB et IFGain:Low #Atten: 20 4B Sweep Time|
A 16 34 MHz Auto Tune| » 100 ms|
Ref Offset 105 dB AMkr1 46.34 MHz Ref Offset 10.5 4B auto ‘Man|
Ref 20.50 dBm -0.14dB 0 deic_Ref 20.50 dBm
Center Freq|
5.180000000 GHz| swe!psenp’
it Tt I L M L . 1
4 " StartFreq
i 5165000000 GHz
n| a1A2
Stop Freq B! ’
5225000000 GHz| N
=‘.- M R
CF Step|
7.000000 MHiz]
Wan
Freq Offset] Gak’
0 Hz] [omLo]
Points|
Center 5.19000 GHz Span 70.00 MHz Center 5.75500 GHz Span 70.00 MHz oot
#Res BW 680 kHz #VBW 2.2 MHz Sweep 1.00 ms (1001 pts) #Res BW 680 kHz #VBW 2.0 MHz #Sweep 100 ms (1001 pts)
[ s fraE—
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10.3. 99% BANDWIDTH

None; for reporting purposes only.

RESULTS
10.3.1. 802.11a MODE IN THE 5.2 GHz BAND
Channel|Frequency| 99% Bandwidth
(MHz) (MHz)
Low 5180 17.56
Mid 5200 19.25
High 5240 18.14
Worst 19.25
10.3.2. 802.11n HT20 MODE IN THE 5.2 GHz BAND
Channel|Frequency| 99% Bandwidth
(MHz) (MHz)
Low 5180 18.16
Mid 5200 18.34
High 5240 18.06
Worst 18.34
10.3.3. 802.11n HT40 MODE IN THE 5.2 GHz BAND
Channel|Frequency|99% Bandwidth
(MHz) (MHz)
Low 5190 36.00
Mid 5230 35.93
Worst 36.00
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10.3.4. 802.11a MODE IN THE 5.8 GHz BAND
Channel|Frequency|99% Bandwidth
(MHz) (MHz)
Low 5745 16.39
Mid 5785 16.47
High 5825 16.59
Worst 16.59
10.3.5. 802.11n HT20 MODE IN THE 5.8 GHz BAND
Channel|Frequency|99% Bandwidth
(MHz) (MHz)
Low 5745 16.46
Mid 5785 16.48
High 5825 16.58
Worst 16.58
10.3.6. 802.11n HT40 MODE IN THE 5.8 GHz BAND
Channel|Frequency| 99% Bandwidth
(MHz) (MHz)
Low 5755 36.18
High 5795 36.05
Worst 36.18
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10.3.1.

99% BANDWIDTH PLOTS

11a 5.2 Mid Ch

11a 5.8 Mid Ch

# Agilent 11:18:41 Aug 1, 2615 L Freq/Channel Agilent 13:40:43 Aug 1, 2015 L Freq/Channel
| J |
Thfreq  SZom: Trig Tres || < Someer Freq Th Freq 578 ONz Trig Tres ||  Sonter Fred
Occupied Bandwidth |ﬂverages: 168 I | Occupied Bandwidth Averages: 100 I
| Start Freq StartFreq
51 GHz 576500008 GHz
Ref 26 dBm Atten 28 dB Ref 28 dBm Atten 26 dB
#5amp T T T T Stop Freq #3amp T T T T Stop Freq
Log e T e 5.22000000 GHz, Log i e I i 5.80500000 GHz
10 P 16 ' o
4B/ [ L T 3 CF Step dB/ < CF Step|
Offst P B g MHz Offst |3 ~ Y gl | 4- MHz
185 Futo Man 185 Auto Man
dB | dB
| Freq Offset Freq Offset,
Center 5.206 00 GHz San 46 Mz || & Hz Center 5.755 08 GHz Span 40 Mz || O Hz
#Res BH 330 kHz #UBH 1 MHz Sweep 1.132 ms (1008 pts) #Res BH 330 kHz #JBH 1 MHz Sweep 1.132 ms (1000 pts)

5 = - » Signal Track 5 5 - - Signal Track
Occupied Bandwidth Occ BH % Pur  99.00 % (fon 0ff Occupied Bandwidth Occ BH % Pur  59.08  |flon 0ff]
19.2482 MHz x dB -26.00 dB 16.4704 MH= ®x dB -26.00 dB

Transmit Freq Error  514.042 kHz Transmit Freq Error  -56.501 kHz
® B Banduidth 36.322 MHz¥ % dB Bandwidth 26.192 MHz*
| |
11n HT20 5.2 Mid Ch 11n HT20 5.8 Mid Ch
4% Agilent 12:86:11 Aug 1, 2615 L Freq/Channel Agilent 14:06:24 Aug 1, 2015 L Freq/Channel
| ] |
- Center Freq - Center Freq
Ch Freq 5.2 GHz Trig Free c. GH= Ch Freq 5.785 GHz Trig Free 5. 78500060 Gz
Occupied Bandwidth |ﬂverage5: 160 I | Occupied Bandwidth Averages: 100 I
| Start Freq| Start Freq|
51 GHz 5765600000 GHz
Ref 28 dBm Atten 20 dB Ref 26 dBm Atten 20 dB
#Samp T T T T T T Stop Freq #Samp T T T Stop Freq
Log i PP TP PPV FIPOTY 5.22000000 GHz Log & l I 5.80500000 GHz
18 ! @ 18 L CLI LT
4B/ e b CF Step 4B/ AL, < CF Step
Offst [T 4 HHz Offst (LM Pl Bl 'L 4 MHz]
105 At Man| | |18.5 Futo Marl
dB | N dB | r _ ]
I Freq Offset } | - Freq Offset
Center 5.208 08 GHz San 46 Mz || - H2| | |Center 5.725 60 6Hz Soan 40 Mz || & Hz
#Res BH 368 kHz #UBH 1.1 MHz  Sweep 1.066 ms (1008 pts) #Res BH 330 kHz #BH 1 MHz Sweep 1132 ms (1000 pts)
= = - - Signal Track = = - - Signal Track
Occupied Bandwidth Oce BH % Pur  99.00 % oy 0f] Occupied Bandwidth Occ BH Z Pur 9900 % flon 0ff
18.3393 MHz x dB -26.00 dB 16.4778 MH=z ® dB -26.00 dB
Transmit Freq Error  151.572 kHz Transmit Freq Error  -57.694 kHz
% dB Bandwidth 36.466 MHz* ® dB Bandwidth 26.245 MHz*

11n HT40 5.2 Mid Ch

0 45-46PM ALOZ, 2015

11n HT40 5.8 Mid Ch

04:19: 209 #03) 02, 2015

6.150000000 GHz|

CF Step
£.000000 MHz
Center 5.19 GHz Span 80 MHz |aute an
#Res BW 750 kHz #VBW 2.2 MHz Sweep 1ms
Occupied Bandwidth Total Power 13.2 dBm Freq Offset
oH

36.000 MHz i

Transmit Freq Error 166.36 kHz OBW Power 99.00 %

x dB Bandwidth 41.41 MHz xdB -26.00 dB

[

L U 3 AL

Frequency Frequency
Center Freq: 5190000000 Gz Radio Std: None Canter Freq: 5.755000000 Gz Radio Std: Nene
enter Freq 5.180000000 GHz I Trig: Free Run Avg|Held: 1001100 entor Freq 5.755000000 GHz I Trig: Free Run Awg|Hold: 1001100
AIFGainiow  BAmten:30 dB Radio Device: BTS MFGainiow  #Amen: 30 dB Radic Devics: BTS
Ref Offset 105 d8 Ref Offset 106 dB

10 dBidiv Ref 10.00 dBm 10 dB/div Ref 10.00 dBm

Center Freq| Center Freq

5.755000000 GHz|

CF Step
000000 MHz]
Center 5.755 GHz Span 80 MHZ |aute Man
#Res BW 750 kHz #VBW 2.2 MHz Sweep 1ms
Occupied Bandwidth Total Power 10.7 dBm FreqOffset|
0H

36.179 MHz ’

Transmit Freq Error 73.275 kHz OBW Power 99.00 %

x dB Bandwidth 39,04 MHz x dB -26.00 dB

s
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

10.4. AVERAGE POWER

None; for reporting purposes only.

TEST PROCEDURE

The transmitter output is connected to a power meter.

The cable assembly insertion loss of 11 dB (including 10 dB pad and 1 dB cable) was entered as an offset
in the power meter to allow for direct reading of power.

RESULTS
10.4.1. 802.11a MODE IN THE 5.2 GHz BAND
Channel|Frequency| Avg Power
(MHz) (dBm)
Low 5180 15.00
Mid 5200 15.00
High 5240 15.00
Worst 15.00
10.4.2. 802.11n HT20 MODE IN THE 5.2 GHz BAND
Channel|Frequency| Avg Power
(MHz) (dBm)
Low 5180 14.50
Mid 5200 14.50
High 5240 14.00
Worst 14.50
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DATE: Aug 10, 2015

802.11n HT40 MODE IN THE 5.2 GHz BAND

802.11a MODE IN THE 5.8 GHz BAND

802.11n HT20 MODE IN THE 5.8 GHz BAND

802.11n HT40 MODE IN THE 5.8 GHz BAND

FCCID: DKNHG
10.4.3.
Channel|Frequency| AvgPower
(MHz) (dBm)
Low 5190 13.00
Mid 5230 12.60
Worst 13.00
10.4.4.
Channel[Frequency] AvgPower
(MHz) (dBm)
Low 5745 13.30
Mid 5785 13.60
High 5825 14.00
Worst 14.00
10.4.5.
Channel|Frequency| AvgPower
(MHz) (dBm)
Low 5745 13.20
Mid 5785 13.40
High 5825 13.50
Worst 13.50
10.4.6.
Channel|Frequency] Avg Power
(MHz) (dBm)
Low 5755 11.50
High 5795 12.00
Worst 12.00
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10.5. OUTPUT POWER AND PPSD

LIMITS

FCC §15.407 (a) (1) (2) (3)

For the band 5.15-5.25 GHz, the maximum conducted output power over the frequency band of operation shall
not exceed the lesser of 250 mW or 11 dBm + 10 log B, where B is the 26—dB emission bandwidth in MHz. In
addition, the peak power spectral density shall not exceed 4 dBm in any 1-MHz band. If transmitting antennas of
directional gain greater than 6 dBi are used, both the maximum conducted output power and the peak power
spectral density shall be reduced by the amount in dB that the directional gain of the antenna exceeds 6 dBi.

For the 5.25-5.35 GHz and 5.47-5.725 GHz bands, the maximum conducted output power over the frequency
bands of operation shall not exceed the lesser of 250 mW or 11 dBm + 10 log B, where B is the 26 dB emission
bandwidth in megahertz. In addition, the maximum power spectral density shall not exceed 11 dBmin any 1
megahertz band. If transmitting antennas of directional gain greater than 6 dBi are used, both the maximum
conducted output power and the maximum power spectral density shall be reduced by the amount in dB that the
directional gain of the antenna exceeds 6 dBi.

For the band 5.725-5.85 GHz, the maximum conducted output power over the frequency band of operation shall
not exceed 1 W. In addition, the maximum power spectral density shall not exceed 30 dBm in any 500-kHz band.

DIRECTIONAL ANTENNA GAIN
There is only one transmitter output therefore the directional gain is equal to the antenna gain.

Page 29 of 118

UL VERIFICATION SERVICES INC. FORM NO: CCSUP4701H
47173 BENICIA STREET, FREMONT, CA 94538, USA TEL: (510) 771-1000 FAX: (510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.



REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

RESULTS
10.5.1. 802.11a MODE IN THE 5.2 GHz BAND
Bandwidth and Antenna Gain
Channel | Frequency Min Min Directional
26 dB 99% Gain
BW BW
(MHz) (MHz) (MHz) (dBi)
Low 5180 40.02 17.56 5.20
Mid 5200 37.85 19.25 5.20
High 5240 38.78 | 18.14 5.20
Limits
Channel | Frequency | FCC IC Max Power FCC IC PPSD
Power EIRP IC Limit PPSD | eirp Limit
Limit Limit Power Limit PSD
Limit
(MHz) (dBm) | (dBm) (dBm) (dBm) | (dBm) | (dBm) | (dBm)
Low 5180 24.00 22.45 17.25 17.25 11.00 | 10.00 | 10.00
Mid 5200 24.00 22.84 17.64 17.64 11.00 | 10.00 | 10.00
High 5240 24.00 22.59 17.39 17.39 11.00 | 10.00 | 10.00

Duty Cycle CF (dB)| 0.12 J|Included in Calculations of Corr'd Power & PPSD

Output Power Results

Channel | Frequency [ Chain O | Total Power Power
Meas | Corr'd Limit Margin
Power | Power
(MHz) (dBm) | (dBm) (dBm) (dB)
Low 5180 15.000 | 15.00 24.00 -9.00
Mid 5200 15.000 | 15.00 24.00 -9.00
High 5240 15.000 | 15.00 24.00 -9.00

PPSD Results

Channel | Frequency | Chain O | Total PPSD PPSD
Meas | Corr'd Limit Margin
PPSD PPSD
(MHz) (dBm) | (dBm) (dBm) (dB)
Low 5180 5.600 5.72 11.00 -5.28
Mid 5200 5.108 5.23 11.00 -5.77
High 5240 3.871 3.99 11.00 -7.01
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FCCID: DKNHG
10.5.2. 802.11n HT20 MODE IN THE 5.2 GHz BAND
Bandwidth and Antenna Gain
Channel | Frequency Min Min Directional
26 dB 99% Gain
BW BW
(MHz) (MHz) | (MHz) (dBi)
Low 5180 38.31 | 18.160 5.20
Mid 5200 41.94 | 18.340 5.20
High 5240 37.24 | 18.060 5.20
Limits
Channel | Frequency | FCC IC Max Power FCC IC PPSD
Power EIRP IC Limit PPSD eirp Limit
Limit Limit Power Limit PSD
Limit
(MHz) (dBm) | (dBm) (dBm) (dBm) | (dBm) | (dBm) | (dBm)
Low 5180 24.00 22.59 17.39 17.39 11.00 | 10.00 | 10.00
Mid 5200 24.00 22.63 17.43 17.43 11.00 | 10.00 | 10.00
High 5240 24.00 22.57 17.37 17.37 11.00 | 10.00 | 10.00

Duty Cycle CF (dB)| 0.13 |Included in Calculations of Corr'd Power & PPSD

Output Power Results

Channel | Frequency | Chain O | Total Power Power
Meas | Corr'd Limit Margin
Power | Power
(MHz) (dBm) | (dBm) (dBm) (dB)
Low 5180 14.500 | 14.50 24.00 -9.50
Mid 5200 14.500 | 14.50 24.00 -9.50
High 5240 14.000 | 14.00 24.00 -10.00

PPSD Results

Channel | Frequency | Chain O | Total PPSD PPSD
Meas | Corr'd Limit Margin
PPSD PPSD
(MHz) (dBm) | (dBm) (dBm) (dB)
Low 5180 5.119 5.25 11.00 -5.75
Mid 5200 4.471 4.60 11.00 -6.40
High 5240 3.258 3.39 11.00 -7.61
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10.5.3. 802.11n HT40 MODE IN THE 5.2 GHz BAND

Bandwidth and Antenna Gain

Channel | Frequency Min Min Directional
26 dB 99% Gain
BW BW
(MHz) (MHz) (MHz) (dBi)
Low 5190 46.34 36.00 5.20
High 5230 50.74 | 35.93 5.20
Limits
Channel | Frequency | FCC IC IC Power FCC IC PPSD
Power | Power EIRP Limit PPSD PSD Limit
Limit Limit Limit Limit Limit
(MHz) (dBm) | (dBm) (dBm) (dBm) | (dBm) | (dBm) | (dBm)
Low 5190 24.00 23.00 23.00 17.80 11.00 10.00 10.00
High 5230 24.00 23.00 23.00 17.80 11.00 10.00 10.00

Duty Cycle CF (dB)| 0.15 |Included in Calculations of Corr'd Power & PPSD

Output Power Results

Channel | Frequency | Chain O | Total Power Power
Meas | Corr'd Limit Margin
Power | Power
(MHz) (dBm) | (dBm) (dBm) (dB)
Low 5190 13.00 13.00 24.00 -11.00
High 5230 12.60 12.60 24.00 -11.40
PPSD Results
Channel | Frequency | Chain 0| Total PPSD PPSD
Meas | Corr'd Limit Margin
PPSD | PPSD
(MHz) (dBm) | (dBm) (dBm) (dB)
Low 5190 -0.89 -0.74 11.00 -11.74
High 5230 -1.89 -1.74 11.00 -12.74
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FCC ID: DKNHG
10.5.4. 802.11a MODE IN THE 5.8 GHz BAND
Bandwidth and Antenna Gain
Channel | Frequency Min Min Directional
26 dB 99% Gain
BW BW
(MHz) (MHz) | (MHZz) (dBi)
Low 5745 23.24 16.4 5.20
Mid 5785 25.90 16.5 5.20
High 5825 25.79 16.6 5.20
Limits
Channel | Frequency | FCC IC IC Power | FCC IC PPSD
Power | Power EIRP Limit [ PPSD | PSD Limit
Limit Limit Limit Limit Limit
(MHz) (dBm) | (dBm) (dBm) (dBm) | (dBm) | (dBm) | (dBm)
Low 5745 30.00 29.15 35.15 29.15 | 30.00 | 17.00 | 17.00
Mid 5785 30.00 29.17 35.17 29.17 | 30.00 | 17.00 | 17.00
High 5825 30.00 29.20 35.20 29.20 | 30.00 | 17.00 | 17.00

Duty Cycle CF (dB)| 0.12

Included in Calculations of Corr'd Power & PPSD

Output Power Results

Channel | Frequency | Chain O [ Total Power Power
Meas | Corr'd Limit Margin
Power | Power
(MHz) (dBm) | (dBm) (dBm) (dB)
Low 5745 13.30 13.30 30.00 -16.70
Mid 5785 13.60 13.60 30.00 -16.40
High 5825 14.00 14.00 30.00 -16.00
PPSD Results
Channel | Frequency [ Chain 0 | Total PPSD PPSD
Meas | Corr'd Limit Margin
PPSD | PPSD
(MHz) (dBm) | (dBm) (dBm) (dB)
Low 5745 -0.81 -0.69 17.00 -17.69
Mid 5785 -1.55 -1.43 17.00 -18.43
High 5825 -1.03 -0.91 17.00 -17.91
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10.5.5. 802.11n HT20 MODE IN THE 5.8 GHz BAND

Bandwidth and Antenna Gain

Channel | Frequency Min Min Directional
26 dB 99% Gain
BW BW
(MHz) (MHz) (MHz) (dBi)
Low 5745 21.90 16.5 5.20
Mid 5785 24.12 16.5 5.20
High 5825 24.78 16.6 5.20
Limits
Channel | Frequency | FCC IC IC Power | FCC IC PPSD
Power | Power EIRP Limit |PPSD | PSD Limit
Limit Limit Limit Limit | Limit
(MHz) (dBm) | (dBm) (dBm) (dBm) | (dBm) | (dBm) | (dBm)
Low 5745 30.00 29.16 35.16 29.16 | 30.00 | 17.00 17.00
Mid 5785 30.00 29.17 35.17 29.17 30.00 | 17.00 17.00
High 5825 30.00 29.20 35.20 29.20 | 30.00 | 17.00 17.00
Duty Cycle CF (dB)| 0.13 |Included in Calculations of Corr'd Power & PPSD
Output Power Results
Channel | Frequency | Chain 0| Total Power Power
Meas | Corr'd Limit Margin
Power | Power
(MHz) (dBm) | (dBm) (dBm) (dB)
Low 5745 13.20 13.20 30.00 -16.80
Mid 5785 13.40 13.40 30.00 -16.60
High 5825 13.50 13.50 30.00 -16.50
PPSD Results
Channel | Frequency | Chain 0| Total PPSD PPSD
Meas | Corr'd Limit Margin
PPSD | PPSD
(MHz) (dBm) | (dBm) (dBm) (dB)
Low 5745 -1.94 -1.81 17.00 -18.81
Mid 5785 -1.98 -1.85 17.00 -18.85
High 5825 -1.59 -1.46 17.00 -18.46
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FCC ID: DKNHG
10.5.6. 802.11n HT40 MODE IN THE 5.8 GHz BAND
Bandwidth and Antenna Gain
Channel | Frequency Min Min Directional
26 dB 99% Gain
BW BW
(MHz) (MHz) (MHz) (dBi)
Low 5755 46.27 36.2 5.20
High 5795 47.88 36.1 5.20
Limits
Channel | Frequency FCC IC IC Power | FCC IC PPSD
Power | Power EIRP Limit | PPSD | PSD Limit
Limit Limit Limit Limit | Limit
(MHz) (dBm) | (dBm) (dBm) (dBm) [ (@Bm) | (dBm) | (dBm)
Low 5755 30.00 30.00 36.00 30.00 | 30.00 | 17.00 17.00
High 5795 30.00 30.00 36.00 30.00 | 30.00 | 17.00 17.00

Duty Cycle CF (dB)l 0.15 |Included in Calculations of Corr'd Power & PPSD

Output Power Results

Channel | Frequency [ Chain O | Total Power Power
Meas | Corr'd Limit Margin
Power | Power
(MHz) (dBm) [ (dBm) (dBm) (dB)
Low 5755 11.50 11.50 30.00 -18.50
High 5795 12.00 12.00 30.00 -18.00
PPSD Results
Channel | Frequency [ Chain O | Total PPSD PPSD
Meas | Corr'd Limit Margin
PPSD | PPSD
(MHz) (dBm) [ (dBm) (dBm) (dB)
Low 5755 -5.94 -5.79 17.00 -22.79
High 5795 -5.29 -5.14 17.00 -22.14
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FCC ID: DKNHG

11a 5.2 Mid Ch 11a 5.8 Mid Ch
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11. TRANSMITTER ABOVE 1 GHz

LIMITS

FCC §15.205 and §15.209

Frequency Range Field Strength Limit Field Strength Limit
(MHz) (uV/m)at3 m (dBuV/m)at3m
30-88 100 40

88 -216 150 43.5
216 - 960 200 46
Above 960 500 54

TEST PROCEDURE

The EUT is placed on a non-conducting table 80 cm above the ground plane for below 1GHz and 150cm
for above 1GHz. The antenna to EUT distance is 3 meters.

For measurements below 1 GHz the resolution bandwidth is set to 100 kHz for peak detection
measurements or 120 kHz for quasi-peak detection measurements. Peak detection is used unless
otherwise noted as quasi-peak.

Reference to KDB 789033 UNII part G) 6) d) Method AD:

For measurements above 1 GHz the resolution bandwidth is set to 1 MHz; the video bandwidth is set to
3 MHz for peak measurements and add duty cycle factor to the reading offset for average

measurements.
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FCCID: DKNHG

The spectrum from 1GHz to 40 GHz is investigated with the transmitter set to the lowest, middle, and
highest channels in each applicable band.

The frequency range of interest is monitored at a fixed antenna height and EUT azimuth. The EUT is
rotated through 360 degrees to maximize emissions received. The antenna is scanned from 1 to 4 meters
above the ground plane to further maximize the emission. Measurements are made with the antenna
polarized in both the vertical and the horizontal positions.
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11.1. 5.2 GHz

11.1.1. TX ABOVE 1 GHz 802.11a MODE IN THE 5.2 GHz BAND

RESTRICTED BANDEDGE (LOW CHANNEL)
HORIZONTAL PEAK AND AVERAGE PLOT

12:UL Fremont,5m Chamber A 18 Jul 2815 15:48:87
Restricted Bandedge
= Project Number: 15028961
1 Client:Echostar
Conf ig: EUT+Laptop
Mode :UNIT 5.2 BE H 11a HT20 5180
185 Tested by:Charles Uergonio
95 I" |
. S \Nw
N Peak Limit C(dBuU/m \“"‘\
> 7L_\ o \
3 / 4
K d
65 //
Average iLimit (dBul/ml M/
455 ; i
3:
5 28BMHz/ 5.2
Frequency (GHz)
Range (GHz) RBIL/UBY Ref/Attn Det/Avg Tupe Sueep Pte #5ups/Mode Fosition Ronge (GHz) RBU/UBM Ref/Atin Det/vg Type Susep Pte #5ups/fiode Fosition
5-5.2 1M(-6dB) /31 187/18 PERK/Pur Avg(RMS)  2Bnsec(Auto) B8BB1  MAXH 83 degs 2§ 2:5-5.2 1M(-6dB)/3M 187/18 JER/Pur Avg (RMS) msec (Ruto) 8881  18BTAVG 83 degs 23
BondEdge 5-5.26Hz UNIL Method Av - H.TST 38915 4 Jun 2815 Rev 9.5 24 Jun 2815

HORIZONTAL DATA
Trace Markers

Marker Frequency Meter Det AFT136 Amp/Cbl/Fit DC Corr (dB) Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading Limit (dB) (dBuv/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m) (dBuv/m)
1 *5.15 48.54 Pk 34.2 -21.5 0 61.24 - - 74 -12.76 83 236 H
2 *5.15 51.53 Pk 34.2 -21.5 0 64.23 - - 74 -9.77 83 236 H
3 *5.15 38.59 RMS 342 -21.5 12 51.39 54 -2.61 - - 83 236 H
4 *5.15 38.87 RMS 342 215 12 51.67 54 -2.33 - - 83 236 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector

RMS - RMS detection

BandEdge 5-5.2GHz UNII Method Av - H.TST 30915 4 Jun 2015
Rev 9.5 24 Jun 2015
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FCC ID: DKNHG

DATE: Aug 10, 2015

VERTICAL PEAK AND AVERAGE PLOT

ZUL Fremont,5m Chamber A

18 Jul 2815 15:54:14

Frequency (GHz)

12
Restricted Bondedge
- Project Number: 15028961
11 Client:Echostar
Config:EUT+Laptop
Mode:ONII 5.2 BE U 11a HT2B 5180
185 Tested by:Charles Uergonio
MM“AI
95 JJ !
| \
- , |
. | | /
S | Peck Limit (dBul/m ,4% M
5 7 ! o
2 i
z M ‘
65 i
55 Average Limit (dBul/md
A y " )
45 : : ; ; ; a
35
5 2BMH=z/

Range (GHz) REl/ VBl Ref/Attn  Det/fvg Tupe Sweep Pte #Sups/Mode Fosition Range (GHz) RBW/UBW Ref/ftin  Det/fvg Type Sueep Pts  #Sups/Mode FPosition ‘
5 1¥ dB )/ 3M 10 PE rF RMS. 20 ke o[%) MAXH des ‘
BondEdge 5-5.26Hz UNIT Method Av - U.TST 3@S15 4 Jun 2615 Rev 9.5 24 Jun 2815
Trace Markers
Marker Frequency Meter Det AFT136 Amp/CbI/FIt DC Corr (dB) Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading Limit (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m) (dBuV/m)
1 *5.15 40.39 Pk 34.2 -21.5 0 53.09 74 -20.91 50 323 A"
2 *5.15 46.17 Pk 34.2 -21.5 0 58.87 - - 74 -15.13 50 323 A\
3 *5.15 33.51 RMS 34.2 -21.5 .12 46.31 54 -7.69 - 50 323 A\
4 *5.15 33.71 RMS 34.2 -21.5 .12 46.51 54 -7.49 50 323 A"

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band

Pk - Peak detector

RMS - RMS detection

BandEdge 5-5.2GHz UNII Method Av - V.TST 30915 4 Jun 2015

Rev 9.5 24 Jun 2015

Page 40 of 118

UL VERIFICATION SERVICES INC.
47173 BENICIA STREET, FREMONT, CA 94538, USA
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.

TEL: (510) 771-1000

FORM NO: CCSUP4701H
FAX: (510) 661-0888




REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
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HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL HORIZONTAL

! 1:UL Fremont,5m Chomber A 12 Jul 2815 49:22:84
Rodioted Emissions 3-Meters
= Project Number: 15028361
18 Client:Echostar
Config:EUT+Laptop
Mgde:UNIT 5.2 HARM 11a HT28 5188
95 Tdsted by:Charles Uergonio
as
Peak Limit C(dBuU/m)
75
2 NI N Restr ted (dBu
3 5
3 6
@
o
~ Avg Limit (dBulU/m)
55 = in
- 3 POy
ﬂ:) Ak A V‘l
35 | bk oy "
| i i
25 ,MMWMMWJLW
1 18 18
Frequency (GHz)
Range (6H) RBU/UBU  Ref/Aitn Det/Avg Tpe Sueep Fis #owpe/fiode Fosition Ronge (Gt REWUB  Ref/Attn Det/Avg Type Suesp Pts #ups/fods FPosition
1-5.08 INC-6dB)/30  87/B  PEAK/Fir Avg(RMS)  1SBnsecCAuto) 5201  WAXH B-360dege H | 5:6.15-18 MC-6B)/30  BI/B  PEGK/Fir AvgERMS)  dSdnssc(Auto) ISk HAXH 8-368degs H
3:5.88-6.15 1M(-648) /381 167/18 PEAK/Pur AVHERMS)  dlnsec(futo) 5801  MAXH fdegs +
FCC Port15C 56Hz UNII RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.

Page 41 of 118

UL VERIFICATION SERVICES INC. FORM NO: CCSUP4701H
47173 BENICIA STREET, FREMONT, CA 94538, USA TEL: (510) 771-1000 FAX: (510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.



REPORT NO: 15U20961-E2
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DATE: Aug 10, 2015

LOW CHANNEL VERTICAL

UL Fremont,5m Chamber A

12 Jul 2815 B89:22:084

[

Project Number: 15028361

Rodioted Emissions 3-Meters

185 Client:Echostor
Config:EUT+Laptop
Mode:UNII 5.2 HARM 11a HTZB 5188
95 Tested by:Charles Usrgonio
85
Peok Limit (dBulU/m)

75
2 UNII Non-Restricted C(dBulU/m]
3 5
3 6
@
3 ‘
~ Avg Limit (dBuU/m)

55

45 g

! 2
35 e O LI TN T
25
1 18 18
Frequency (GHz)
Range (6i1z) RBU/UB  Ref/Attn Dst/Avg Tupe Sueep Pls  #owps/Mode Fosition Renge (GHz) RBWUBH  Ref/Attn Det/Avg Tupe Sueep Pte #5ups/Made Fosition

FCC Parti5C 56Hz UNIT RSE.TST 30915 16 Jun 2815

Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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LOW CHANNEL DATA
Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (d8/m) Fitr/Pad (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) Restricted (d8) (Degs) (em)
(dBuv) (dB) (dBuV/m) (dBuV/m)
3 *4.966 36.53 Pk 339 -30.2 0 40.23 - - 74 -33.77 - - 0-360 201 H
1 *1.595 45.04 Pk 27.9 -35.3 0 37.64 - - 74 -36.36 - - 0-360 100 \
2 2.55 38.49 Pk 322 -34.3 0 36.39 - - - - 68.2 -31.81 0-360 200 \
4 5.304 38.99 Pk 345 -21.4 0 52.09 - - - - 68.2 -16.11 0-360 100 H
5 6.906 36.29 Pk 35.6 -27.8 0 44.09 - - - - 68.2 -24.11 0-360 201 H
6 10.358 31.66 Pk 37.4 -23.6 0 45.46 - - - - 68.2 -22.74 0-360 200 \

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector

Radiated Emissions

Frequency Meter Det AFTI36 ‘Amp/Chi/Fl DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity

(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuV/m) (d8) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuv) (dBuV/m) (dBuV/m)

*4.965 42.86 PK-U 33.9 -30.2 [ 46.56 - - 74 -27.44 - - 136 199 H
*4.966 30.7 ADR 339 -30.2 12 345 54 -19.5 - - - - 136 199 H
*1.597 49.7 PK-U 27.9 -35.3 [ 42.3 - - 74 -31.7 - - 14 215 \
*1.596 32.15 ADR 27.9 -35.3 12 24.85 54 -29.15 - - - - 14 215 \
2.548 31.38 ADR 322 -34.3 12 29.38 - - - 14 200 \
2.551 42.91 PK-U 322 -34.3 [ 40.81 - - - - 68.2 -27.39 14 200 \
5.302 31.46 ADR 34.5 -21.4 12 44.66 - - 14 100 H
5.304 42.87 PK-U 345 -21.4 0 55.97 - - - - 68.2 -12.23 14 100 H
6.907 41.15 PK-U 35.6 -27.8 [ 48.95 - - - - 68.2 -19.25 142 202 H
6.907 33.51 ADR 35.6 -27.8 12 41.41 - - 142 202 H
10.359 37.27 PK-U 37.4 -23.6 0 51.07 - - - - 68.2 -17.13 142 202 \
10.36 26.57 ADR 37.4 -23.6 12 40.47 - - - - - - 142 202 \

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK-U - U-NII: Maximum Peak

ADR - U-NII AD primary method, RMS average
FCC Part15C 5GHz UNII RSE.TST 30915 16 Jun 2015

Rev 9.5 24 Jun 2015
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MID CHANNEL HORIZONTAL

11:UL Fremont,5m Chamber A 12 Jul 2815 10:89:58
Rodioted Emissions 3-Meters
- Project Number: 15028361
18 Client:Echostor
Copfig:EUT+Laptop
Mode:UNII 5.2 HARM 11a HTZB 5288
95 Tekted by:Charles Uergonia
85
Peok Limit (dBulU/m)
75
2 UNII Non-Restricted (dBuU/m]
~
3 65
3
~ Avg Limit (dBuU/m)
- M
N ; W
ﬁ dohi A
i M )
zcww*‘WWWMW

18
Frequency (GHz)

Suaep Pls  ¥owps/Mode
156ncec(Aute) 6031 HAKH
Sl HaKH

Range (6Hz) REU/UBW Ref/Attn  Det/Avg Type
1:1-5.88 1M(-6dB) /38K 87/0 PEAK/Par avgﬂs)

3:5.088-6.15 1M(-6dB) /30 187/18  PEAK/Pur AugCRNS)

4lmsec(futo)

Det/fvg Type

Position
8-360degs H
8-36Adegs H

Range (GHz) RBW/UBU Ref/Attn
5:6.15-18 MC-60B)/3Bk  B/B PERK/Pir AvgCRMS

Sucep Pte #5ups/Mode Fosition
454nsec(Auto) |8k MAXH 8-360

degs H

FCC Parti5C 56Hz UNIT RSE.TST 30915 16 Jun 2815

Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

MID CHANNEL VERTICAL

UL Fremont,5m Chamber A

12 Jul 2815 18:89:58

[

Rodioted Emissions 3-Meters
- Project Number: 15028361
18 Client:Echostor
Config:EUT+Laptop
Mode:UNII 5.2 HARM 11a HTZB 5288
95 Tekted by:Charles Uergonio
85
Peok Limit (dBulU/m)
75
2 UNII Non-Restricted (dBuU/m]
3 5
5 6
@
T
~ Avg Limit (dBuU/m)
55
45
1
1 2
35 B MRV
o5k
1 18
Frequency (GHz)
Range (6i1z) RBU/UB  Ref/Attn Dst/Avg Tupe Sueep Pls  #owps/Mode Fosition Renge (GHz) RBWUBH  Ref/Attn Det/Avg Tupe Sueep Pte #5ups/Made Fosition

FCC Parti5C 56Hz UNIT RSE.TST 30915 16 Jun 2815

Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

MID CHANNEL DATA

Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (d8/m) Fitr/Pad (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) Restricted (d8) (Degs) (em)
(dBuv) (dB) (dBuV/m) (dBuV/m)
3 *5.044 37.33 Pk 34 -29 0 4233 - - 74 -31.67 - - 0-360 201 H
1 *1.597 46.8 Pk 27.9 -35.3 0 39.4 - - 74 -34.6 - - 0-360 100 \
2 2.091 37.95 Pk 314 -35.1 0 34.25 - - - - 68.2 -33.95 0-360 200 \
4 5.278 38.1 Pk 345 -21.4 0 51.2 - - - - 68.2 -17 0-360 100 H
5 5.33 36.83 Pk 34.6 -21.2 0 50.23 - - - - 68.2 -17.97 0-360 201 H
6 10.403 29.48 Pk 37.4 -23.6 0 43.28 - - - - 68.2 -24.92 0-360 201 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band

Pk - Peak detector

Radiated Emissions

Frequency Meter Det AFTI36 ‘Amp/Chi/Fl DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuV/m) (d8) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuv) (dBuV/m) (dBuV/m)
*5.044 43.2 PK-U 34 -29 [ 48.2 - - 74 -25.8 - - 140 227 H
*5.044 32.26 ADR 34 -29 12 37.36 54 -16.64 - 140 227 H
*1.599 53.17 PK-U 27.9 -35.3 [ 45.77 - - 74 -28.23 - - 75 101 \
*1.599 33.26 ADR 27.9 -35.3 12 25.96 54 -28.04 - - - 75 101 \
2.089 44.12 PK-U 314 -35.1 0 40.42 - - - - 68.2 -27.78 75 201 \
2.091 32.05 ADR 31.4 -35.1 12 28.45 - - 75 201 \
5.278 43.62 PK-U 34.5 -21.3 [ 56.82 - - - - 68.2 -11.38 75 100 H
5.278 31.69 ADR 345 -21.4 12 44.89 - - 75 100 H
5.328 42.25 PK-U 34.6 -21.2 [ 55.65 - - - - 68.2 -12.55 75 202 H
5.33 31.25 ADR 34.6 -21.2 12 44.75 - - - - - - 75 202 H
10.403 23.01 ADR 37.4 -23.6 12 36.91 - - 75 202 H
10.404 33.88 PK-U 37.4 -23.6 [ 47.68 - - - - 68.2 -20.52 75 202 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK-U - U-NII: Maximum Peak

ADR - U-NII AD primary method, RMS average
FCC Part15C 5GHz UNII RSE.TST 30915 16 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

HIGH CHANNEL HORIZONTAL

| 1l:UL Fremont,5m Chamber A

12 Jul 2815 18:44:55

Rodioted Emissions 3-Meters
- Project Number: 15028361
18 Cl jent Echostar
Config:EUT+Laptop
Moge:UNII 5.2 HARM 11a HTZB 5248
95 Tetted by:Charles Uergonia
85
Peok Limit (dBulU/m)
75
2 UNII Non-Restricted (dBuU/m]
~
3 65
3
~ Avg Limit (dBuU/m)
55
“W
45
; M
- 4 s
MMJ‘W‘“M“M ‘ ‘
5 WMNWWWW !

Range (6Hz) REU/UBW Ref/Attn  Det/Avg Type
1:1-5.88 1M(-6dB) /38K 87/0 PEAK/For 1
3:5.088-6.15 1M(-6dB) /301 187/18  PEAK/Pur AugCRNS)

VoRHS) 155

Pis
Auto) 6041

18 18
Frequency (GHz)
Fawpe/fode  Fosition Ronge (GHz) RBWUBH  Ref/Attn Det/Avg Tupe Seeep Pte #5ups/fode  Foeition
HalH 8-360cege H | 5:6.15-18 INC-6BI/30  BI/B  FEAK/Fir vg(RMS)  dSincec(Auto) 18k HAKH 8-360dege H
I KK 8-360ceg= H

FCC Parti5C 56Hz UNIT RSE.TST 30915 16 Jun 2815

Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

HIGH CHANNEL VERTICAL

Hl:UL Fremont,5m Chamber A 12 Jul 2815 104455
Rodioted Emissions 3-Meters
195 Project Number: 15028361
Client;Echostar
Config:EUT+Laptop
Mode:UNII 5.2 HARM 11a HTZB 5248
95 Tested by:Charles Uergonio
85
Peok Limit (dBulU/m)
75
2 UNII Non-Restricted C(dBulU/m]
3 5
3 6
@
©
~ Avg Limit (dBuU/m)
55
45
2 6
a 3 @
35 " e SRRSO NUSTSR PO AP TPYH.1. . SOOI . .k 't o ¥Ah ol © 1o
Q
o5
1 18
Frequency (GHz)
Range (6i1z) RBU/UB  Ref/Attn Dst/Avg Tupe Sueep Pls  #owps/Mode Fosition Renge (GHz) RBWUBH  Ref/Attn Det/Avg Tupe Sueep Pte #5ups/Made Fosition
FCC Parti5C 56Hz UNIT RSE.TST 30915 16 Jun 2815

Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

HIGH CHANNEL DATA
Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (d8/m) Fitr/Pad (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) Restricted (d8) (Degs) (em)
(dBuv) (dB) (dBuV/m) (dBuV/m)
1 *138 39.49 Pk 28.6 -35.8 0 32.29 - - 74 -41.71 - - 0-360 100 \
2 *1.595 46.03 Pk 27.9 -35.3 0 38.63 - - 74 -35.37 - - 0-360 100 \
3 *2.49 38.26 Pk 321 -34.1 0 36.26 - - 74 -37.74 - - 0-360 100 \
4 3.494 35.41 Pk 331 -32.7 0 35.81 - - - - 68.2 -32.39 0-360 100 H
5 6.571 30.39 Pk 35.6 -27.6 0 38.39 - - - - 68.2 -29.81 0-360 201 H
6 9.821 26.95 Pk 37 -24.3 0 39.65 - - - - 68.2 -28.55 0-360 200 \

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector

Radiated Emissions

Frequency Meter Det AFTI36 ‘Amp/Chi/Fl DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuV/m) (d8) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuv) (dBuV/m) (dBuV/m)
*1.38 46.38 PK-U 28.6 -35.8 [ 39.18 - 74 -34.82 - - 88 105 \
*1.38 37.78 ADR 28.6 -35.8 12 30.68 54 -23.32 - - - - 88 105 \
*1.594 53.6 PK-U 27.9 -35.3 [ 46.2 - 74 -27.8 7 200 \
*1.595 33.39 ADR 27.9 -35.3 12 26.09 54 -27.91 - 7 200 \
*2.49 44.98 PK-U 321 -34.1 0 42.98 - 74 -31.02 7 100 \
*2.498 31.47 ADR 321 -34.1 12 29.57 54 -24.43 - - 7 100 \
3.493 42.79 PK-U 33.1 -32.7 [ 43.19 - 68.2 -25.01 7 100 H
3.493 31.81 ADR 331 -32.7 12 3231 - - 7 100 H
6.573 385 PK-U 35.6 -27.6 [ 46.5 - - - - 68.2 -21.7 7 202 H
6.573 27.72 ADR 35.6 -27.6 12 35.82 - 7 202 H
9.823 36.19 PK-U 37 -24.3 0 48.89 - - - - 68.2 -19.31 7 202 \
9.823 24.49 ADR 37 -24.3 12 37.29 7 202 \

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK-U - U-NII: Maximum Peak
ADR - U-NII AD primary method, RMS average

FCC Part15C 5GHz UNII RSE.TST 30915 16 Jun 2015

Rev 9.5 24 Jun 2015

Page 49 of 118

UL VERIFICATION SERVICES INC. FORM NO: CCSUP4701H
47173 BENICIA STREET, FREMONT, CA 94538, USA TEL: (510) 771-1000 FAX: (510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.




REPORT NO: 15U20961-E2

DATE: Aug 10, 2015

FCC ID: DKNHG
11.1.2. TX ABOVE 1 GHz 802.11n HT20 MODE IN THE 5.2 GHz BAND
HORIZONTAL PEAK AND AVERAGE PLOT
12:UL Fremont,5m Chamber A 18 Jul 2815 16:87:58
Restricted Bandedge
- Project Number : 15028961
1 Client:Echostar
Config:EUT+Laptop
Mode:UNIT 5.2 BE H 11n HT20 5180
185 Tested by:Charles Uergonio m'
o \
|
o \\w‘__
< Jel Peak Limit (dBul/m’ M'J ‘
3 o
2 v
65 /
. /
55 Averoge Limit (dBuy/m) ‘/
45 o A /;’
31:
5 2BMHz/ 5.2
Frequency (GHzJ
Range (6z) ROU/UBU  Ref/Attn Det/fvg Tupe Sueep Pt #Supe/Mode Fosition Renge (BHz) RBWUBW  Ref/Attn Det/Avg Tupe Sueep Pts  #oups/liode Fosition
1:5-5.2 INC-6d)/3M  187/18  PEAK/Pur vg(RMS)  ZBnsec(Puto) 8881 MAXH joge 2] 2:5-5.2 1H(-68)/30 187/ AVER/Pir Fvg(RMS) 2Bhsec(futo) 8681 1BATAUG 96 degs 236
BondEdge 5-5.26Hz UNIT Method Av - H.TST 30915 4 Jun 2015 Rev 9.5 24 Jun 2815
HORIZONTAL DATA
Trace Markers
Marker Frequency Meter Det AFT136 Amp/Cbl/ DC Corr (dB) Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fitr/Pad Reading Limit (dB) (dBuv/m) (dB) (Degs) (cm)
(dBuVv) (dB) (dBuv/m) (dBuv/m)
1 *5.15 48 Pk 34.2 -21.5 0 60.7 74 -13.3 96 236 H
2 *5.15 50.45 Pk 34.2 -21.5 0 63.15 - 74 -10.85 96 236 H
3 *5.15 39.66 RMS 34.2 -21.5 13 52.49 54 -1.51 - 96 236 H
4 *5.15 394 RMS 34.2 -21.5 13 52.23 54 -1.77 96 236 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band

Pk - Peak detector

RMS - RMS detection

BandEdge 5-5.2GHz UNII Method Av - H.TST 30915 4 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2

FCC ID: DKNHG

DATE: Aug 10, 2015

VERTICAL PEAK AND AVERAGE PLOT

WZI:UL Fremont,5m Chamber A 18 Jul 2815 16:17:34
Restricted Bondedge
s Project Number: 15028961
Client:Echostar
Config:EUT+Laptop
Mode :UNIT 5.2 BE U 11n HT20 5180
185 Tested by:Charles Uergonio
95
85
N Peak Limit (dBuU/m]
> 7K
5
@
S
61:
4
55 Average iLimit (dBuly/m)
P MO A A AR it | 3
45 ; i ; :
35
5 2BMHz/ 5.2
Frequency (GHz)
Range (6Hz) REU/UBU  Ref/Attn Det/Avg Tupe Suzep Pte  #5ups/Mode  Fosition Range (6H2) RBW/UBW  Ref/Attn Det/Avg Tups Sueep Fie  ¥ope/fode Fosition |
: 1HC-6dB) /3K 18 P W) 2necc(iuto) BEBI  MAKF de ‘
BondEdge 5-5.26Hz UNIT Method Av - U.TST 38315 4 Jun 20815 Rev 9.5 24 Jun 2815
VERTICAL DATA
Trace Markers
Marker Frequency Meter Det AFT136 Amp/Cbl/ DC Corr (dB) Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fltr/Pad Reading Limit (dB) (dBuv/m) (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m) (dBuv/m)
1 *5.15 44.04 Pk 34.2 -21.5 0 56.74 - 74 -17.26 45 266 \
2 *5.15 47.58 Pk 34.2 -21.5 0 60.28 - 74 -13.72 45 266 \
3 *5.15 35.69 RMS 34.2 -21.5 13 48.52 54 -5.48 45 266 \
4 *5.15 35.64 RMS 34.2 -21.5 13 48.47 54 -5.53 45 266 \

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band

Pk - Peak detector

RMS - RMS detection

BandEdge 5-5.2GHz UNII Method Av - V.TST 30915 4 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL HORIZONTAL

11:UL Fremont,5m Chomber A 12 Jul 2815 f1:16:35
Rodioted Emissions 3-Meters
= Project Number: 15028361
18 Client:Echostar
Config:EUT+Laptop
Mgde:UNIT 5.2 HARM 11n HT28 5188
95 Tdsted by:Charles Uergonio
as
Peak Limit C(dBuU/m)
75
2 NI N Restr ted (dBu
3 5
3 6
@
o
~ Avg Limit (dBulU/m)
55 =
h J i " ﬁthﬂjM
35 [ PR dud L P
MWJNWW AR
: Ww’-v u
O ket
1 18 18
Frequency (GHz)
Range (6H) RBU/UBU  Ref/Aitn Det/Avg Tpe Sueep Fis #owpe/fiode Fosition Ronge (Gt REWUB  Ref/Attn Det/Avg Type Suesp Pts #ups/fods FPosition
1-5.08 INC-6dB)/30  87/B  PEAK/Fir Avg(RMS)  1SBnsecCAuto) 5201  WAXH B-360dege H | 5:6.15-18 MC-6B)/30  BI/B  PEGK/Fir AvgERMS)  dSdnssc(Auto) ISk HAXH 8-368degs H
3:5.88-6.15 1M(-648) /381 167/18 PEAK/Pur AVHERMS)  dlnsec(futo) 5801  MAXH fdegs +
FCC Port15C 56Hz UNII RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

LOW CHANNEL VERTICAL

11:UL Fremont,5m Chamber A 12 Jul 2815 f1:16:35
Rodioted Emissions 3-Meters
- Project Number: 15028361
18 Client:Echostor
Config:EUT+Laptop
Mode:UNII 5.2 HARM 11n HTZB 5188
95 Tested by:Charles Uergonio
85
Peok Limit (dBulU/m)
75
2 UNII Non-Restricted (dBuU/m]
3 5
5 6
@
T
~ Avg Limit (dBuU/m)
55
45
2 4
3
35 t ? T T b S S Lh L
o
25
1 18 18
Frequency (GHz)
Range (6i1z) RBU/UB  Ref/Attn Dst/Avg Tupe Sueep Pls  #owps/Mode Fosition Renge (GHz) RBWUBH  Ref/Attn Det/Avg Tupe Sueep Pte #5ups/Made Fosition
FCC Port15C S6Hz UNIT RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2
FCCID: DKNHG

DATE: Aug 10, 2015

Trace Markers

LOW CHANNEL DATA

Marker Frequency Meter Det AF T136 Amp/Cbl/Fltr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) /Pad (dB) Reading (dBuv/m) (dB) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuv) (dBuV/m) (dBuv/m)
1 *1.38 40.22 Pk 28.6 -35.8 33.02 74 -40.98 0-360 100 Vv
2 *1.598 44.23 Pk 27.9 -35.3 36.83 74 -37.17 0-360 100 \
3 *2.21 38 Pk 314 -34.1 353 74 -38.7 - - 0-360 200 Vv
4 2.474 38.87 Pk 321 -34.2 36.77 68.2 -31.43 0-360 100 Vv
5 6.906 35.2 Pk 35.6 -27.8 43 68.2 -25.2 0-360 201 H
6 10.359 31.69 Pk 374 -23.6 45.49 68.2 -22.71 0-360 201 H
* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector
Radiated Emissions
Frequency Meter Det AFT136 Amp/Cbl/FI DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuv/m) (dB) (dBuv/m) (dB) Restricted (dB) (Degs) (cm)
(dBuv) (dBuv/m) (dBuv/m)
*1.38 46.79 PK-U 28.6 -35.8 0 39.59 - - 74 -34.41 - 87 121 \%
*1.38 38.16 ADR 28.6 -35.8 13 31.09 54 -22.91 - 87 121 A
*1.598 53.21 PK-U 27.9 -35.3 0 45.81 - - 74 -28.19 87 100 A
*1.6 35.27 ADR 27.9 -35.3 13 28 54 -26 - 87 100 A
*2.209 43.04 PK-U 31.4 -34.1 0 40.34 - - 74 -33.66 87 201 A
*2.212 31.37 ADR 31.4 -34.1 13 28.8 54 -25.2 - - 87 201 A
2473 43.69 PK-U 32 -34.2 0 41.49 68.2 -26.71 87 100 A
2.475 30.96 ADR 321 -34.2 13 28.99 - - 87 100 A
6.907 27.71 ADR 35.6 -27.8 13 35.64 - - 87 202 H
6.908 37.93 PK-U 35.6 -27.8 0 45.73 68.2 -22.47 87 202 H
10.358 34.36 PK-U 37.4 -23.6 0 48.16 68.2 -20.04 87 202 H
10.358 23.47 ADR 37.4 -23.6 13 37.40 87 202 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band

PK-U - U-NII: Maximum Peak

ADR - U-NII AD primary method, RMS average

FCC Part15C 5GHz UNII RSE.TST 30915 16 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

MID CHANNEL HORIZONTAL

UL Fremont,5m Chomber A

12 Jul 2815 11:48:57

15

185

Mo

95

85

Rodioted Emissions 3-Meters

Project Number: 15028361
Client:Echostar
Copfig:EUT+Laptop

e:UNII 5.2 HARM 11n HT28 5288

Tepted by:Charles Usrgonio

75

Peak Limit (dBuU/m)

UNII Non-Restricted C(dBulU/m]

65

(dBulU/m)

55

Avg Limit (dBuU/m)

45

35

1

[a:

Ak

25

FCC Parti5C

Frequency (GHz)

Range (6Hz) REU/UBW Ref/Attn  Det/Avg Type Sueep Pts #3wps/Mode Fosition Range (GHz)
1:1-5.88 1M(-6dB) /38K 87/0 PEAK/Par avgﬂs) 156nsecCAuto) 6331 MAXH B-360dege H | 5:6.15-18
3:5.088-6.15 1M(-6dB) /30 187/18  PEAK/Pur Aug(RNS)  dlmsec(futo) 5081  HAXH B-360degs H

18

RBW/UBl Ref/Attn  Det/Avg Type Sueep
MC-60B)/3Bk  B/B PEAK/Pur Avg(RUS)  454nser (Au

Pt
to) 18k

5ups/Hode  Position
Ml 8-3Adegs H

S5GHz UNIT RSE.TST 30915 16 Jun 2815

Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

MID CHANNEL VERTICAL

11:UL Fremont,5m Chamber A 12 Jul 2815 11:48:57
Rodioted Emissions 3-Meters
- Project Number: 15028361
18 Client:Echostor
Config:EUT+Laptop
Mode:UNII 5.2 HARM 11n HTZB 5288
95 Tekted by:Charles Uergonio
85
Peok Limit (dBulU/m)
75
2 UNII Non-Restricted (dBuU/m]
3 5
5 6
@
T
~ Avg Limit (dBuU/m)
55
45
8
3
35 £ 9
25
1 18 18
Frequency (GHz)
Range (6i1z) RBU/UB  Ref/Attn Dst/Avg Tupe Sueep Pls  #owps/Mode Fosition Renge (GHz) RBWUBH  Ref/Attn Det/Avg Tupe Sueep Pte #5ups/Made Fosition
FCC Port15C S6Hz UNIT RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG
MID CHANNEL DATA
Trace Markers
Marker Frequency Meter Det AF T136 Amp/Cbl/Fltr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) /Pad (dB) Reading (dBuv/m) (dB) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuV) (dBuv/m) (dBuv/m)
1 *1.598 45.73 Pk 279 -35.3 38.33 74 -35.67 - 0-360 100 H
4 *5.018 37.02 Pk 34 -29.7 41.32 74 -32.68 0-360 201 H
3 *2.378 39.8 Pk 319 -34.8 36.9 74 -37.1 - - 0-360 100 \%
2 2.169 37.53 Pk 313 -34.4 34.43 68.2 -33.77 0-360 200 \%
5 6.933 32.21 Pk 35.6 27.5 40.31 68.2 -27.89 0-360 201 H
6 10.256 27.27 Pk 373 -24.3 40.27 68.2 -27.93 0-360 100 \%
* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector
Radiated Emissions
Frequency Meter Det AFT136 Amp/Cbl/FI DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuv/m) (dB) (dBuv/m) (dB) Restricted (dB) (Degs) (cm)
(dBuv) (dBuv/m) (dBuv/m)
*1.597 49.86 PK-U 279 -35.3 0 42.46 - 74 -31.54 1 100 H
*1.597 33.26 ADR 279 -35.3 .13 25.99 54 -28.01 - - 1 100 H
*5.018 44.02 PK-U 34 -29.7 0 48.32 - 74 -25.68 143 202 H
*5.018 35.64 ADR 34 -29.7 .13 40.07 54 -13.93 - - 143 202 H
*2.376 45.1 PK-U 319 -34.8 0 42.2 - - 74 -31.8 143 100 \"
*2.377 31.8 ADR 319 -34.8 .13 29.03 54 -24.97 - - 143 100 A"
2.169 42.96 PK-U 313 -34.4 0 39.86 - 68.2 -28.34 143 202 A"
2.169 31.05 ADR 313 -34.4 .13 28.08 143 202 A%
6.933 30.71 ADR 35.6 -27.5 .13 38.94 - - 143 202 H
6.934 39.23 PK-U 35.6 -27.5 0 47.33 68.2 -20.87 143 202 H
10.258 35.06 PK-U 373 -24.3 0 48.06 68.2 -20.14 143 100 A"
10.258 23.85 ADR 373 -24.3 .13 36.98 - - 143 100 v

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band

PK-U - U-NII: Maximum Peak

ADR - U-NII AD primary method, RMS average

FCC Part15C 5GHz UNII RSE.TST 30915 16 Jun 2015

Rev 9.5 24 Jun 2015

Page 57 of 118

UL VERIFICATION SERVICES INC.
47173 BENICIA STREET, FREMONT, CA 94538, USA

This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.

TEL: (510) 771-1000

FORM NO: CCSUP4701H

FAX: (510) 661-0888




REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

HIGH CHANNEL HORIZONTAL

UL Fremont,5m Chamber A

12 Jul 2815

12:27:53

[

Rodioted Emissions 3-Meters
- Project Number: 15028361
18 Cljent:Echostar
Config:EUT+Laptop
Mogle:UNIT 5.2 HARM 11n HTZB 5248
95 Tested by:Charles Uergonia
85
Peok Limit (dBulU/m)
75
2 UNII Non-Restricted (dBuU/m]
3 5
5 6
@
K .
~ Avg Limit (dBuU/m)
55 !
4: w .
s WM
. | TR A
25
1 18
Frequency (GHz)
Range (6i1z) RBU/UG " Ref/Aitn Det/ong Tupe Pls  #ows/Mode Fosition Ronge (GHz) RBWUBH  Ref/Attn Det/Avg Tupe Seeep Pte #5ups/fode  Foeition
1:1-5.88 NG-6B)/3  B7/B  PEAK/Fur Avg(RMNS) 1SBnsecCAuto) 681 MK 8-360cege H | 5:6.15-18 INC-6BI/30  BI/B  FEAK/Fir vg(RMS)  dSincec(Auto) 18k HAKH 8-360dege H
3:5.88-6.15 HC-6B) /B 1E1/I8  PEAK/Par Avg(RNS)  dimssc(futo) 5041  MAKH 8-360ceg= H

FCC Parti5C 56Hz UNIT RSE.TST 30915 16 Jun 2815

Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

HIGH CHANNEL VERTICAL

11:UL Fremont,5m Chamber A 12 Jul 2815 12:27:53
Rodioted Emissions 3-Meters
195 Project Number: 15028361
Client;Echostar
Config:EUT+Laptop
Mode:UNII 5.2 HARM 11n HTZB 5248
95 Tetted by:Charles Uergonio
85
Peok Limit (dBulU/m)
75
2 UNII Non-Restricted C(dBulU/m]
3 5
3 6
@
T
~ Avg Limit (dBuU/m)
55
45
5
3
35 T e LI . L b LAk
=]
25|
1 18
Frequency (GHz)
Range (6i1z) RBU/UB  Ref/Attn Dst/Avg Tupe Sueep Pls  #owps/Mode Fosition Renge (GHz) RBWUBH  Ref/Attn Det/Avg Tupe Sueep Pte #5ups/Made Fosition
FCC Port15C S6Hz UNIT RSE.TST 38915 16 Jun 2815

Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2
FCCID: DKNHG

DATE: Aug 10, 2015

Trace Markers

HIGH CHANNEL DATA

Marker Frequency Meter Det AF T136 Amp/Cbl/Fltr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) /Pad (dB) Reading (dBuv/m) (dB) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuv) (dBuV/m) (dBuv/m)
1 *1.38 39.69 Pk 28.6 -35.8 32.49 74 -41.51 0-360 100 Vv
2 *1.595 45.88 Pk 27.9 -35.3 38.48 74 -35.52 - - 0-360 100 \
3 2.442 37.55 Pk 32 -34.4 35.15 68.2 -33.05 0-360 200 v
4 3.493 35.49 Pk 331 -32.7 35.89 68.2 -32.31 0-360 201 H
5 8.738 29.52 Pk 36 -25.7 39.82 68.2 -28.38 0-360 201 H
6 10.508 26.16 Pk 375 -23.6 40.06 68.2 -28.14 0-360 100 H
* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector
Radiated Emissions
Frequency Meter Det AFT136 Amp/Cbl/FI DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuv/m) (dB) (dBuv/m) (dB) Restricted (dB) (Degs) (cm)
(dBuv) (dBuv/m) (dBuv/m)
*1.38 46.09 PK-U 28.6 -35.8 0 38.89 - - 74 -35.11 - 1 100 A
*1.38 35.75 ADR 28.6 -35.8 13 28.68 54 -25.32 - 1 100 A
*1.596 52.85 PK-U 27.9 -35.3 0 45.45 - - 74 -28.55 1 100 A
*1.596 34.83 ADR 27.9 -35.3 13 27.56 54 -26.44 1 100 \%
2441 31.57 ADR 32 -34.4 13 29.30 - - 1 202 \%
2.442 46.21 PK-U 32 -34.4 0 43.81 68.2 -24.39 1 202 A
3.493 42.53 PK-U 33.1 -32.7 0 42.93 68.2 -25.27 1 202 H
3.493 31.31 ADR 331 -32.7 13 31.84 - - 1 202 H
8.737 36.83 PK-U 36 -25.7 0 47.13 68.2 -21.07 1 202 H
8.737 25.6 ADR 36 -25.7 13 36.03 1 202 H
10.507 22.65 ADR 375 -23.6 13 36.68 - - 1 100 H
10.509 34.52 PK-U 375 -23.6 0 48.42 68.2 -19.78 1 100 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band

PK-U - U-NII: Maximum Peak

ADR - U-NII AD primary method, RMS average

FCC Part15C 5GHz UNII RSE.TST 30915 16 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

11.1.8. TX ABOVE 1 GHz 802.11n HT40 MODE IN THE 5.2 GHz BAND
RESTRICTED BANDEDGE (LOW CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

12:UL Fremont,5m Chamber A 18 Jul 2815 16:43:83
Restricted Bandedge
- Project Number: 15028961
1 Client:Echostar
Config:EUT+Laptop
Mode:UNII 5.2 BE H 11n HT48 5158
185 Tested by:Charles Uergonio
95 Al "\H('
/ |
[ ¥
85 J
< Peak Limit (dBuU/m:
3 75 j
[ai]
g "/
65 .
i
55 Averoge Limit (dBuy/m) ! e
\‘ o
45 Ao a
3!:
5 Z0MH=/ 5.2
Frequency (GHzJ
Range (GHz) REL/ VB Ref/Attn  Det/Avg Tupe Sueep Pte #Supe/fode  Fosition Range (GHz) REW/UBW Ref/fttn  Dst/Avg Type Sueep Pte #Sups/fode Fosition
1:5-5.2 1MC-6dB) /31 1687/18 PEAK/Pur Avg(RMS)  2Bmsec(Auto) BEB1  MAXH 111 degs 2:5-5.2 1M(-6dB)/3M 187/18 AVER/Pur Avg(RMS)  2Bmsec(futo) 8631  1BBTAVG 111 degs 236
BondEdge 5-5.2GHz UNII Method Av - H.TST 38915 4 Jun 20815 Rev 9.5 24 Jun 2015
HORIZONTAL DATA
Trace Markers
Marker Frequency Meter Det AF T136 Amp/Cbl/Fit DC Corr (dB) Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading Limit (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuV) (dBuV/m) (dBuV/m)
1 *5.15 48.31 Pk 34.2 -21.5 0 61.01 - - 74 -12.99 111 236 H
2 *5.15 49.32 Pk 34.2 -21.5 0 62.02 - - 74 -11.98 111 236 H
3 *5.15 38.73 RMS 34.2 -21.5 .15 51.58 54 -2.45 - - 111 236 H
4 *5.15 39.79 RMS 34.2 -21.5 .15 52.64 54 -1.36 - - 111 236 H
* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector
RMS - RMS detection
BandEdge 5-5.2GHz UNII Method Av - H.TST 30915 4 Jun 2015
Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

VERTICAL PEAK AND AVERAGE PLOT

WZEUL Fremont,5m Chamber A 18 Jul 2815 16:49:26
Restricted Bondedge
= Project Number: 15028961
" Client:Echostar
Config: EUT+Laptap
Mode :UNII 5.2 BE U 1in HT48 5199
185 Tested by:Charles Uergonio
.uuv ot
95 i s ¢
f
85 ‘I
- f
N Peak Limit (dBuU/m’ {
3 75 /
m
el
7 6!: ‘}‘hﬂw
oy
2 o
55 Average Limit (dBul/md m N%
: 3
H H o
45
35
5 20MH=z/ 5.2
Frequency (GHz)
Range (6Hz) RBL{‘/l‘JBM‘ Ref/Attn P‘et/ﬂvg Type N “SWEEF ) Ptus #ups/Modk  Position Ronge (GHz) RBU/UBW Ref/Attn  Det/fvg Type Suesp Pts  #Sups/Mode  Position
BondEdge 5-5.26Hz UNIT Method Av - U.TST 3@S15 4 Jun 2615 Rev 9.5 24 Jun 2015
VERTICAL DATA
Trace Markers
Marker Frequency Meter Det AFT136 Amp/CbI/FIt DC Corr (dB) Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading Limit (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m) (dBuV/m)
1 *5.15 45.21 Pk 34.2 -21.5 0 57.91 - - 74 -16.09 111 258 A"
2 *5.15 46.01 Pk 34.2 -21.5 0 58.71 - - 74 -15.29 111 258 A\
3 *5.15 34.93 RMS 34.2 -21.5 .15 47.78 54 -6.22 - - 111 258 A\
4 *5.15 35.01 RMS 34.2 -21.5 .15 47.86 54 -6.14 - - 111 258 A"
* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector
RMS - RMS detection
BandEdge 5-5.2GHz UNII Method Av - V.TST 30915 4 Jun 2015
Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL HORIZONTAL

:UL Fremont,5m Chomber A 12 Jul 2815 13:84:28
Rodioted Emissions 3-Meters

185 Project Number: 15020961
Client:Echostar

Config:EUT+Laptop

Mode :UNIT 5.2 HARM 11n HT4B 5198

T

95 Tartad by:Charles Uerganio
85
Peak Limit (dBulU/m)
75
2 UNIT Non-Restricted (dBul/m)
3 65 [
@ I
<
v Avg Limit (dBuU/m)
55 |

) @WM

on)

35 D ks oy
Pt LV
o5 gl ! ok
1 18 8
Frequency (GHz)
Range (6H2) REWURD Sucep Pio  Faps/fode  Position Range (612 REW/B  Ref/Altn Det/Avg Tupe Sucep Pts  Howps/lode Position
1-5.68 1H(-5d8)/ 38k neec(Auto) 6081 HAKH 8-36Bdege | 5:6.15-18 IMC-60B)/30k  B1/8  PERK/Fur Avg(RMS) 4SincecCAuto) 18k HAKH B-36dege H
3:5.88-6.15 1H(-6d8)/30 dineoc(Puto) 5801 MAXH -360deg
FCC Part15C S5GHz UNII RSE.TST 38915 16 Jun 2015 Rev 9.5 24 Jun 20815

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.

Page 63 of 118

UL VERIFICATION SERVICES INC. FORM NO: CCSUP4701H
47173 BENICIA STREET, FREMONT, CA 94538, USA TEL: (510) 771-1000 FAX: (510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.




REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

LOW CHANNEL VERTICAL

UL Fremont,5m Chomber A

12 Jul 2815 13:04:28

1

Project Number: 15028961

Rodioted Emissions 3-Meters

185 Client:Echostar
Config: EUT+Laptop
Mode :UNIT 5.2 HARM 11n HT48 515@
95 Tested by:Char les Usrgonio
85
Peak Limit (dBuU/m)

75
2 NII Non-Restricted (dBu
3
> 65
s}
T . N
- Avg Limit (dBuU/m)

55

45

3
35 1 o
Q
25
1 8 18
Frequency (GHz)
Range (6Hz) REU/UBU  Ref/Attn  Dei/fvg Tope Sucen Pto  #owps/Mode FPosition Range (@12 RBUMBW  Ref/Atin  Det/Avg Tupe Sueep Pts  #oups/Mode  FPositian

FCC Porti15C 5GHz UNIT RSE.TST 36@915 16 Jun 2@15

Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

LOW CHANNEL DATA
Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (d8/m) Fitr/Pad (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) Restricted (d8) (Degs) (em)
(dBuv) (dB) (dBuV/m) (dBuV/m)
2 *1.596 45.16 Pk 279 -35.3 0 37.76 - - 74 -36.24 - - 0-360 100 H
1 *1.372 38.92 Pk 28.6 -35.9 0 31.62 - - 74 -42.38 - - 0-360 100 \
3 2.512 38.22 Pk 321 -34.1 0 36.22 - - - - 68.2 -31.98 0-360 200 \
4 3.46 353 Pk 33 -32.6 0 357 - - - - 68.2 -32.5 0-360 100 H
5 6.92 34.17 Pk 35.6 -27.7 0 42.07 - - - - 68.2 -26.13 0-360 201 H
6 8.742 29.82 Pk 36 -25.7 0 40.12 - - - - 68.2 -28.08 0-360 201 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector

Radiated Emissions

Frequency Meter Det AFTI36 ‘Amp/Chi/Fl DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity

(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuV/m) (d8) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuv) (dBuV/m) (dBuV/m)

*1.597 50.81 PK-U 27.9 -35.3 [ 43.41 - 74 -30.59 - 1 100 H

*1.597 33.71 ADR 279 -35.3 .15 26.46 54 -27.54 - 1 100 H

*1.371 44.37 PK-U 28.6 -35.9 [ 37.07 - - 74 -36.93 1 100 \

*1.374 327 ADR 28.6 -35.9 15 25.55 54 -28.45 - - - 1 100 \
2,511 44.87 PK-U 321 -34.1 0 42.87 - - - - 68.2 -25.33 1 201 \
2.512 31.24 ADR 321 -34.1 15 29.39 - - - - 1 201 \
3.459 41.88 PK-U 33 -32.6 [ 42.28 - - - - 68.2 -25.92 1 100 H
3.46 30.98 ADR 33 -32.6 .15 31.53 - - 1 100 H
6.92 39.08 PK-U 35.6 -27.7 [ 46.98 - - - - 68.2 -21.22 1 201 H
6.92 28.54 ADR 35.6 -27.7 15 36.59 - - 1 201 H
8.743 36.85 PK-U 36 -25.7 0 47.15 - - - - 68.2 -21.05 1 201 H
8.744 25.49 ADR 36 -25.7 .15 35.94 - 1 201 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK-U - U-NII: Maximum Peak
ADR - U-NII AD primary method, RMS average

FCC Part15C 5GHz UNII RSE.TST 30915 16 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2

FCCID:

DKNHG

DATE: Aug 10, 2015

MID CHANNEL HORIZONTAL

UL Fremont,5m Chomber A

12 Jul 2815 13:34:22

1

Pro

Ject Number: 15028961

Rodioted Emissions 3-Meters

185 Client:Echostar
Config:EUT+Laptop
Mode :UNIT 5.2 HARM 11n HT4B 5238
95 Tebted by:Char les Usrgonio
SI:
Peak Limit (dBulU/m)

7L_\
a NII Non-Restricted CHBuU/m
3
3 65
@
el . <
- Avg Limit (dBuU/m) H

5? . It

45 J

E 4 M
= T . v
o5 Tt W
1 18
Frequency (GHz)
Range (6Hz) REW/BU  Ref/Attn Del/Avg Tope Range (612) REU/UBM  Ref/ftin Det/fvg Tupe Suee Pts #5ups/fiode  Position
1:1-5.08 IHG-68)/38  67/B  PEAK/Pur Aug(RHS) 5:6.15-18 M(-6d82/30k  B1/B EAK/Pur fug (RYS)  45dnsec(huto) 18k PAKH 8-360degs |
3:5.08-6.15 MC-6B)/38  187/18  PEAK/Pur Avg(RHS) 4

18

FCC Porti15C 5GHz UNIT RSE.TST 36@915 16 Jun 2@15

Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

MID CHANNEL VERTICAL

H:UL Fremont,5m Chamber A 12 Jul 2815 13:34:22
Rodioted Emissions 3-Meters
= Project Number: 15028961
18 Client Echostar
Config:EUT+Laptop
Mode :UNIT 5.2 HARM 11n HT4B 523@
95 Tested by:Char les Usrgonio
SI:
Peak Limit (dBulU/m)
7L_\
2 NII Non-Restrictec HBL
=
3 5
3 6
@
el
— Avg Limit (dBuU/m)
55
a5
w 2 2
o 5
35 ket ! A "k aak
25
1 18 18
Frequency (GHz)
Range (6Hz) REU/BN  Ref/Attn Det/Avg Tope Susep Pts  #Sups/Mode Position Range (612) REM/UBH  Ref/Atin Det/fvg Tupe Sucep Pts #5ups/Miode  Position
FCC Part15C_S6Hz UNII RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

MID CHANNEL DATA

Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (d8/m) Fitr/Pad (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) Restricted (d8) (Degs) (em)
(dBuv) (dB) (dBuV/m) (dBuV/m)
1 *1.598 45.33 Pk 279 -35.3 0 37.93 - - 74 -36.07 - - 0-360 200 \
2 *2.346 40.45 Pk 319 -34.8 0 37.55 - - 74 -36.45 - - 0-360 200 \
3 3.487 35.93 Pk 331 -32.6 0 36.43 - - - - 68.2 -31.77 0-360 201 H
4 6.841 30.57 Pk 35.6 -27.6 0 38.57 - - - - 68.2 -29.63 0-360 100 H
5 8.747 28.93 Pk 36 -25.7 0 39.23 - - - - 68.2 -28.97 0-360 200 \
6 9.886 26.9 Pk 37 -24.2 0 39.7 - - - - 68.2 -28.5 0-360 201 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector

Radiated Emissions

Frequency Meter Det AFTI36 ‘Amp/Chi/Fl DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity

(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuV/m) (d8) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuv) (dBuV/m) (dBuV/m)

*1.599 51.03 PK-U 27.9 -35.3 [ 43.63 - 74 -30.37 - 1 202 \

*1.59 33.79 ADR 279 -35.3 .15 26.54 54 -27.46 - 1 202 \

*2.344 43.53 PK-U 319 -34.8 [ 40.63 - - 74 -33.37 1 202 \

*2.345 31.67 ADR 319 -34.8 15 28.92 54 -25.08 - 1 202 \
3.487 3171 ADR 331 -32.6 .15 32.36 - - - 1 202 H
3.489 42.51 PK-U 33.1 -32.6 [ 43.01 - - - - 68.2 -25.19 1 202 H
6.841 37.99 PK-U 35.6 -27.6 [ 45.99 - - - - 68.2 -22.21 1 100 H
6.841 26.92 ADR 35.6 -27.6 .15 35.07 - - 1 100 H
9.885 23.81 ADR 37 -24.2 15 36.76 - - 1 202 H
9.887 34.92 PK-U 37 -24.1 [ 47.82 - - - - 68.2 -20.38 1 202 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK-U - U-NII: Maximum Peak
ADR - U-NII AD primary method, RMS average

FCC Part15C 5GHz UNII RSE.TST 30915 16 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

11.2. 5.8 GHz

11.2.1. TX ABOVE 1 GHz 802.11a MODE IN THE 5.8 GHz BAND
RESTRICTED BANDEDGE (LOW CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

28UL Fremont,5m Chamber A 18 Jul 2815 17:46:53
Bandedge
Project Number: 15028961

18 Client:Echostar

Config:EUT+Laptop
Mode:UNIT 5.8 BE H 11a HT20 5755

a Tested by:Char les Uergonio
-18
-28
Peak Limit (dBm)
&
£ -3
w
—48 ,
-58
-68
-78
5.625 13MHz/ 5.755
Frequency (GHz)
Range (6Hz) ROU/UBU  Ref/Attn Det/fvg Tpe Sucep Pte  #Supe/Mode Fosition
15.6085,755  MCEB/IM BB PEAK/Fur Aug(RS)  ZnsenChuto) BB HAWH 120 degs
Bondedge 5.625-5.7556GHz_15_487 EIRP - H.TST 38915 12 Jun 2815 Rev 9.5 24 Jun 2815

HORIZONTAL DATA
Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/F Conversion Corrected Peak Limit PK Margin Azimuth Height Polarity
(GHz2) Reading (dB/m) Itr/Pad Factor (dB) Reading (dBm) (dB) (Degs) (cm)
(dBm) (dB) EIRP
1 5.725 -47.49 Pk 34.7 -20.7 11.8 -21.69 -17 -4.69 120 220 H
2 5.725 -45.68 Pk 34.7 -20.7 11.8 -19.88 -17 -2.88 120 220 H

Pk - Peak detector
Bandedge 5.625-5.755GHz 15_407 EIRP - H.TST 30915 12 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

VERTICAL PEAK AND AVERAGE PLOT

28UL Fremont,5m Chamber A 18 Jul 2815 17:54:14
Bandedge
Project Number: 15028961

18 Client:Echostar

Config:EUT+Laptop

Mode:ONII 5.8 BE U 11a HT28 5755 /MMMM

a Tested by:Charles Usrgonio

J»’ \
,28 -
Peak Limit CdBm)
o
Z -39 et
i
‘
-4@ : ¥
" " " i b L " m "
A A O A AN M it b A
-50
-60
-70
5.625 T3MHz/ 5.755
Frequency (GHz)
Range (GHz) REl/ VBl Ref/Attn  Det/fvg Tupe Sueep Pte #Sups/Mode Fosition
6 76 1" dB ). ] PE r F MS. I utc o)) fAXE de
Bondedge 5.625-5.7556Hz 15 4@7 EIRP - U.TST 38915 12 Jun 2815 Rev 9.5 24 Jun 2015

VERTICAL DATA

Trace Markers

Marker Frequency Meter Det AFT136 Amp/Cbl/F Conversion Corrected Peak Limit PK Margin Azimuth Height Polarity
(GHz2) Reading (dB/m) Itr/Pad Factor (dB) Reading (dBm) (dB) (Degs) (cm)
(dBm) (dB) EIRP
1 5.725 -56.82 Pk 34.7 -20.7 11.8 -31.02 -17 -14.02 86 261 \%
2 5.725 -54.98 Pk 34.7 -20.7 11.8 -29.18 -17 -12.18 86 261 \%

Pk - Peak detector
Bandedge 5.625-5.755GHz 15_407 EIRP - V.TST 30915 12 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

AUTHORIZED BANDEDGE (HIGH CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

UL Fremont,5m Chamber A 18 Jul 2815 18:81:82

28
Bandedge

M g A Project Number:15U2896 |

18 / \ Client Echostar

Config:EUT+Laptop
Mode:ONII 5.8 BE H 11a HT20 5825
g Tested by:Charles Vergonio
_.2 %]
ﬂw w Peak Limit CdBm)
—3@”‘
2

,4@ L, L. | | |

-50

EIRP

-668

-70

5.8 2BMHz/ 6
Frequency (GHz)

Range (GHz) RBLI/UBU Ref/Attn  Det/Avg Tupe Sueep Pte #5ups/Mode Fosition
5,80 1HC-6d8)/3M /18 PEAK/Pur Avg(RMS)  2BnscclAuto) 8881 HAYH 186 degs

Bondedge 5.858-6GHz 15_487 EIRP - H.TST 38915 12 Jun 20815 Rev 9.5 24 Jun 2015

HORIZONTAL DATA
Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/F Conversion Corrected Peak Limit PK Margin Azimuth Height Polarity
(GHz2) Reading (dB/m) Itr/Pad Factor (dB) Reading (dBm) (dB) (Degs) (cm)
(dBm) (dB) EIRP
1 5.85 -61.56 Pk 35.1 -20.3 11.8 -34.96 -17 -17.96 106 216 H
2 5.865 -65.1 Pk 35.1 -20.3 11.8 -38.5 -27 -11.5 106 216 H

Pk - Peak detector
Bandedge 5.850-6GHz 15_407 EIRP - H.TST 30915 12 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

VERTICAL PEAK AND AVERAGE PLOT

ol Fremont,Sm Chamber A 18 Jul 2815  18:56:31
Bandedge
Project Number: 15028961
18 Client:Echostar
"Mm Config:EUT+Laptop
r Mode:ONII 5.8 BE U 11n HT2B 5825
g } Tested by:Charles Usrgonio
f |
-1 | ‘\.
-28 W .
w Peak Limit (dBm)
o W
2
—40 ,w\ ' | Q - M ; :
B AR A RS bk e o e b

-50
-60
-78

5.8 2BMH=z/ )

Frequency (GHz)
Range (6Hz) REW/UBU Ref/Attn  Dei/Avg Tupe Sueep Pts #Sups/Mode Position
8 1" dB ). 18 PE MS. I utc 3001 fAXE dec
Bondedge 5.85@-6GHz 15 487 EIRP - U.TST 36815 12 Jun 2A15 Rev 9.5 24 Jun 2015

VERTICAL DATA

Trace Markers

Marker Frequency Meter Det AFT136 Amp/Cbl/F Conversion Corrected Peak Limit PK Margin Azimuth Height Polarity
(GHz2) Reading (dB/m) Itr/Pad Factor (dB) Reading (dBm) (dB) (Degs) (cm)
(dBm) (dB) EIRP
1 5.85 -63.14 Pk 35.1 -20.3 11.8 -36.54 -17 -19.54 63 260 \%
2 5.929 -65.57 Pk 35.2 -20 11.8 -38.57 -27 -11.57 63 260 \%

Pk - Peak detector
Bandedge 5.850-6GHz 15_407 EIRP - V.TST 30915 12 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL HORIZONTAL

1

;UL Fremont,5m Chamber A

12 Jul 2815

15:83:19

Rodioted Emissions 3-Meters
= Project Number: 15028961
16 Client:Echostar
Config: EUT+Laptop
Mode :UNIT 5.8 HARM 11a HT28 5745
95 Tested |by: Charles Uerganio
SI:
Peak Limit (dBuU/m)
7|:
2 UNIT Non-Restricted Bul/m
3
5 65
@
o
° Avg Limit C(dBuU/m)
55
i
45 !
4 b
35 3 IT ok M’WW
&) VRV
25 MWMNMWWWW
1 1 18
Frequency (GHz)
Rarge (G RAU/BU  Ref/ficin  Det/vg Tope Succp Pts  #ups/Mode Position | Range (612 REUABN  Ref/fttn  Det/fvg Tupe Sucep Pic  ¥ope/ode Position
1:15.38 MC-6dB)/30  67/0  PERK/Far Avg@RMS)  1Sbmscc (Auto) 6301 NEKH B-360deqs| 5:6.15-18 INC-60B)/30k  B7/B  PEAK/Par Avg(RHS)  dShnsec(Auto) 18k HAKH B-30dags H
3:5.08-6.15 INCG-6dB)/3Bk  187/18 PEAK/Pur Avg(RMS)  dincecCAute) 5201 MAXH 8-36Gdegs

FCC Port15C 56Hz UNII RSE.TST 3@915 16 Jun 2815

Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

LOW CHANNEL VERTICAL

H:UL Fremont,5m Chamber A 12 Jul 2815 15:83:19
Rodioted Emissions 3-Meters
= Project Number: 15028961
18 Client:Echostar
Config:EUT+Loptop
Mode :UNII 5.8 HARM 11a HT28 5745
95 Teated by:Charles Usrgonio
35
Peak Limit (dBulU/m)
75
~ NIT Non-R i d IBulU/m
£
3 5
3 6
@
< ) .
° Avg Limit (dBuU/m)
55
=
4 6
2 5 o}
Q )
5 i ) i VAl
3 1
o
25
1 18 18
Frequency (GHz)
Range CGHz) REU/BN  Ref/Attn Del/Avg Tpe Susep Pts  #5ups/Mode Position Range (62 REU/UBH  Ref/Atin Det/fvg Tupe Sucep Pts #5ups/Miode Position
FCC Part15C_SGHz UNII RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

LOW CHANNEL DATA
Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (d8/m) Fitr/Pad (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) Restricted (d8) (Degs) (em)
(dBuv) (dB) (dBuV/m) (dBuV/m)
4 *3.83 37.96 Pk 334 -32.3 0 39.06 - - 74 -34.94 - - 0-360 201 H
1 *1.38 39.18 Pk 28.6 -35.8 0 31.98 - - 74 -42.02 - - 0-360 100 \
2 *1.597 45.56 Pk 279 -35.3 0 38.16 - - 74 -35.84 - - 0-360 100 \
3 1.964 38.5 Pk 31 -34.8 0 34.7 - - - - 68.2 -33.5 0-360 201 H
5 6.586 30.16 Pk 35.6 -27.5 0 38.26 - - - - 68.2 -29.94 0-360 100 \
6 10.165 27.84 Pk 37.2 -23.8 0 41.24 - - - - 68.2 -26.96 0-360 200 \

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector

Radiated Emissions

Frequency Meter Det AFTI36 ‘Amp/Chi/Fl DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity

(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuV/m) (d8) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuv) (dBuV/m) (dBuV/m)

*3.83 44.05 PK-U 33.4 -32.3 [ 45.15 - 74 -28.85 - - 360 202 H
*3.83 34.12 ADR 334 -32.3 12 35.32 54 -18.68 - - 360 202 H
*1.38 44.77 PK-U 28.6 -35.8 [ 37.57 - 74 -36.43 - - 360 100 \
*1.38 34.82 ADR 28.6 -35.8 12 27.72 54 -26.28 - - 360 100 \
*1.599 50.76 PK-U 279 -35.3 0 43.36 - 74 -30.64 - - 360 100 \
*1.596 33.95 ADR 27.9 -35.3 12 26.65 54 -27.35 - - 360 100 \
1.963 43.71 PK-U 31 -34.8 [ 39.91 - 68.2 -28.29 360 202 H
1.964 32.33 ADR 31 -34.8 12 28.63 - - 360 202 H
6.585 38.09 PK-U 35.6 -27.5 [ 46.19 - - - - 68.2 -22.01 360 100 \
6.585 26.92 ADR 35.6 -27.5 12 35.12 - - 360 100 \
10.165 35.05 PK-U 37.2 -23.8 0 48.45 - - - - 68.2 -19.75 360 201 \
10.167 23.62 ADR 37.2 -23.8 12 37.12 - - - - - - 360 201 \

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK-U - U-NII: Maximum Peak

ADR - U-NII AD primary method, RMS average
FCC Part15C 5GHz UNII RSE.TST 30915 16 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

MID CHANNEL HORIZONTAL

H:\_IL Fremont,5m Chamber A 12 Jul 2815 15:45: 11
Rodioted Emissions 3-Meters
195 PF§JEDL Number : 15028961
Client:Echostar
ConfigiEUT+Loptop
Mode :UNIT 5.8 HARM 11a HT28 5785
95 Teated |by: Char les Usrgonio
35
Peak Limit (dBulU/m)
75
~ INIT Non-Restricted IBuU/m
3
3 5
3 6
@
< )
° Avg Limit C(dBuU/m)
55
i WMW 5
=
6
3 Wi
) Nomsikcal ™
35 8 Aol N W iy
MWW
o5 mwwm
1 18 18
Frequency (GHz)
Range CGHz) REUBN  Ref/Attn Del/Avg Tpe Pts  #Sups/Mode Position Range (62) REU/UBW  Ref/Atin Det/fvg Tupe Sucep Pts #5ups/Miode Position
1:1-5.88 IHG-68)/38  67/B  PERK/Pur Avg(RHS) 15 to) 6081 MAKH B-368degs| 5:6.15-18 1M(-6d8)/ G1/8 PEAK/Fur Avg(RIS) 4Snsec(iuto) 1Bk MAXH o
3:5.88-6.15 HC-6B)/3 18718 PEAK/Fur Avg(RMS)  dinesclAuto) SEB  MAXH B-360dege
FCC Porti15C 56Hz UNIT RSE.TST 3@915 16 Jun 2615 Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

MID CHANNEL VERTICAL

H:UL Fremont,5m Chamber A 12 Jul 2815 15:45: 11
Rodioted Emissions 3-Meters
= Project Number: 15028961
18 Client:Echostar
Config:EUT+Loptop
Mode :UNIT 5.8 HARM 11a HT28 5785
95 Teated by Char les Usrgonio
35
Peak Limit (dBulU/m)
75
~ NIT Non-R i d IBulU/m
£
3 5
3 6
@
o . .
° Avg Limit (dBuU/m)
55
45
2
o
5 i ) i Tk o
3 1
o
25
1 18 18
Frequency (GHz)
Range CGHz) REU/BN  Ref/Attn Del/Avg Tpe Susep Pts  #5ups/Mode Position Range (62 REU/UBH  Ref/Atin Det/fvg Tupe Sucep Pts #5ups/Miode Position
FCC Porti15C 56Hz UNIT RSE.TST 3@915 16 Jun 2615 Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

MID CHANNEL DATA

Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (d8/m) Fitr/Pad (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) Restricted (d8) (Degs) (em)
(dBuv) (dB) (dBuV/m) (dBuV/m)
4 *3.83 37.96 Pk 334 -32.3 0 39.06 - - 74 -34.94 - - 0-360 201 H
1 *1.38 39.18 Pk 28.6 -35.8 0 31.98 - - 74 -42.02 - - 0-360 100 \
2 *1.597 45.56 Pk 279 -35.3 0 38.16 - - 74 -35.84 - - 0-360 100 \
6 *7.713 32.05 Pk 35.7 -26.9 0 40.85 - - 74 -33.15 - - 0-360 200 H
3 1.964 385 Pk 31 -34.8 0 347 - - - - 68.2 -33.5 0-360 201 H
5 6.916 37.95 Pk 35.6 -27.8 0 45.75 - - - - 68.2 -22.45 0-360 200 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector

Radiated Emissions

Frequency Meter Det AFTI36 ‘Amp/Chi/Fl DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuV/m) (d8) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuv) (dBuV/m) (dBuV/m)
*3.832 42.19 PK-U 33.4 -32.3 [ 43.29 - - 74 -30.71 - - 359 202 H
*3.832 31.03 ADR 334 -32.3 12 32.23 54 -21.77 - 359 202 H
*1.38 44.77 PK-U 28.6 -35.8 [ 37.57 - - 74 -36.43 - - 360 100 \
*1.38 34.82 ADR 28.6 -35.8 12 27.72 54 -26.28 - - - - 360 100 \
*1.599 50.76 PK-U 279 -35.3 0 43.36 - 74 -30.64 - - 360 100 \
*1.596 33.95 ADR 27.9 -35.3 12 26.65 54 -27.35 - - - - 360 100 \
*1.38 45.56 PK-U 28.6 -35.8 [ 38.36 - 74 -35.64 - - 359 100 \
*1.38 3531 ADR 28.6 -35.8 12 28.21 54 -25.79 - 359 100 \
*1.596 51.28 PK-U 27.9 -35.3 [ 43.88 - 74 -30.12 - - 359 100 \
*1.599 33.46 ADR 27.9 -35.3 12 26.16 54 -27.84 - - - - 359 100 \
*7.712 36.04 PK-U 35.7 -26.9 0 44.84 - 74 -29.16 - - 359 201 H
*7.713 25.03 ADR 35.7 -26.9 12 33.93 54 -20.07 - - - - 359 201 H
1.963 43.71 PK-U 31 -34.8 0 39.91 - 68.2 -28.29 360 202 H
1.964 32.33 ADR 31 -34.8 12 28.63 - - - - - - 360 202 H
1.964 32.26 ADR 31 -34.8 12 28.56 - - - - - - 359 202 H
1.965 43.86 PK-U 31 -34.8 0 40.06 - - - - 68.2 -28.14 359 202 H
6.914 26.63 ADR 35.6 -27.8 12 34.53 - - 359 201 H
6.916 37.88 PK-U 35.6 -27.8 0 45.68 - - - - 68.2 -22.52 359 201 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK-U - U-NII: Maximum Peak

ADR - U-NII AD primary method, RMS average
FCC Part15C 5GHz UNII RSE.TST 30915 16 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

HIGH CHANNEL HORIZONTAL

H':UL Fremont,5m Chamber A 12 Jul 2815 16:87:14
Rodioted Emissions 3-Meters
195 PFFJJEDL Number : 15028961
Client:Echostar
Config:FUT+Loptop
Mode :UNIT 5.8 HARM 11a HT2B 5825
35 Tested py:Charles Usrgonio
8:
Peak Limit (dBulU/m)
7:
- INIT Non-Restricted CHBUU/m
3
5 65
@
el " <
e Avg Limit (dBuU/m)
55 -
'
45 "
> % ‘ ok ™ M
35 ¢ A Jp—”" w oy
L DA
MMMWWWMW A
25 :
1 18 18
Frequency (GHz)

Range (6Hz) REWBN  Ref/Attn Del/Avg Tope E Pte #Sups/lode Pos Range (612) REU/UBW  Ref/ftin Det/fvg Tupe Suee Pts #5ups/Miode  Position
1:1-5.08 IG-68)/38  67/B  PERK/Pur Avg(RHS) 156 o) 081 HAKH 83 5:6.15-18 N(-6d8)/3Bk BB PEAK/Pur Avg(RIS)  dSdnsec(huto) 18k AXH 8-360degs
3:5.05-6.15 HC-6B)/38 18718 PEAK/Pur Avg(RMS)  dlnesctAuto) SEBI  MAXH B-360dege

FCC Part15C SGHz UNII RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

HIGH CHANNEL VERTICAL

H:UL Fremont,5m Chamber A 12 Jul 2815 16:87:14
Rodioted Emissions 3-Meters
= Project Number: 15028961
18 Client:Echostar
Config:EUT+Loptop
Mode :UNIT 5.8 HARM 11a HT28 5825
95 Teated by:Charles Usrgonio
35
Peak Limit (dBulU/m)
75
~ NIT Non-R i d IBulU/m
£
3 5
3 6
@
o . .
° Avg Limit (dBuU/m)
55
45
5 g
3 Q w}
35 i TN I M T o o < At S S
o
>5
1 18 18
Frequency (GHz)
Range CGHz) REU/BN  Ref/Attn Del/Avg Tpe Susep Pts  #5ups/Mode Position Range (62 REU/UBH  Ref/Atin Det/fvg Tupe Sucep Pts #5ups/Miode Position
FCC Porti15C 56Hz UNIT RSE.TST 3@915 16 Jun 2615 Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

HIGH CHANNEL DATA
Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (d8/m) Fltr/Pad (dB) Reading (dBuV/m) (dB) (dBuV/m) (d8) Restricted (d8) (Degs) (em)
(dBuv) (dB) (dBuV/m) (dBuV/m)
1 *1.299 38.07 Pk 28.8 -36 0 30.87 - - 74 -43.13 - - 0-360 200 \
2 *1.599 45.01 Pk 27.9 -35.3 0 37.61 - - 74 -36.39 - - 0-360 100 H
4 *3.883 38.51 Pk 335 -32.8 0 39.21 - - 74 -34.79 - - 0-360 201 H
3 211 38.53 Pk 314 -35 0 34.93 - - - - 68.2 -33.27 0-360 200 \
5 6.563 31.66 Pk 35.6 -27.6 0 39.66 - - - - 68.2 -28.54 0-360 200 \
6 9.941 27.23 Pk 37 -24.3 0 39.93 - - - - 68.2 -28.27 0-360 200 \

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector

Radiated Emissions

Frequency Meter Det AFTI36 ‘Amp/Chi/Fl DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity

(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuV/m) (d8) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuv) (dBuV/m) (dBuV/m)

*1.598 51.24 PK-U 27.9 -35.3 [ 43.84 - 74 -30.16 - - 360 100 H

*1.597 33.67 ADR 279 -35.3 12 26.37 54 -27.63 - - 360 100 H

*3.883 43.51 PK-U 335 -32.8 [ 44.21 - - 74 -29.79 - - 360 202 H

*3.883 32.77 ADR 335 -32.8 12 33.57 54 -20.43 - - - - 360 202 H
*13 43.23 PK-U 28.8 -36 0 36.03 - - 74 -37.97 - - 360 202 \

*1.299 31.51 ADR 28.8 -36 12 24.41 54 -29.59 - - - - 360 202 \
211 31.33 ADR 31.4 -35 12 27.83 - - - - 360 202 \
2112 42.85 PK-U 314 -35 0 39.25 - - - - 68.2 -28.95 360 202 \
6.564 38.72 PK-U 35.6 -27.6 [ 46.72 - - - - 68.2 -21.48 360 202 \
6.565 27.57 ADR 35.6 -27.6 12 35.67 - - - - - - 360 202 \
9.939 24.19 ADR 37 -24.3 12 36.99 - - - - - - 360 202 \
9.943 35.14 PK-U 37 -24.3 [ 47.84 - - - - 68.2 -20.36 360 202 \

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK-U - U-NII: Maximum Peak

ADR - U-NII AD primary method, RMS average
FCC Part15C 5GHz UNII RSE.TST 30915 16 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

11.2.2. TX ABOVE 1 GHz 802.11n HT20 MODE IN THE 5.8 GHz BAND
RESTRICTED BANDEDGE (LOW CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

ZQUL Fremont,5m Chamber A 18 Jul 2815 18:12:57
Bandedge
18 e
ConfigiEUT+Loptop
Mode:UNIT 5.8 BE H 11n HT28 5745
a Tested by:Charles Vergonio
,1 8 Aﬁ
-20
Peak Limit (dBm)
[/
¥ -30 /!l'p
-48 i
-58
-68
-78
5.625 13MHz/ 5.755
Frequency (GHz)
Range (GHz) RBU/UBU Ref/Attn  Det/Avg Tupe Sueep Pte  #Sups/Mode Position
1:5.655.75  MCEBI/M  B/18  FEAK/Pur Pvg(RIS)  2Bnsec(Autc) BOBI  MAXH 182 degs
Bondedge 5.625-5.7556Hz_15_487 EIRP - H.TST 38915 12 Jun 2815 Rev 9.5 24 Jun 2815
HORIZONTAL DATA
Trace Markers
Marker Frequency Meter Det AF T136 Amp/Cbl/F Conversion Corrected Peak Limit PK Margin Azimuth Height Polarity
(GHz2) Reading (dB/m) Itr/Pad Factor (dB) Reading (dBm) (dB) (Degs) (cm)
(dBm) (dB) EIRP
1 5.725 -46.16 Pk 34.7 -20.7 11.8 -20.36 -17 -3.36 102 243 H
2 5.725 -44.94 Pk 34.7 -20.7 11.8 -19.14 -17 -2.14 102 243 H
Pk - Peak detector
Bandedge 5.625-5.755GHz 15_407 EIRP - H.TST 30915 12 Jun 2015
Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

VERTICAL PEAK AND AVERAGE PLOT

ol Fremont,Sm Chamber A 18 Jul 2815  18:26:34
Bandedge
Project Number: 15028961
18 Client:Echostar
Config:EUT+Laptop Aot
Mode:ONII 5.8 BE U 11n HT2B 5745 /"’M W A
8 Tested by:Charles Uergonio ‘ }
f \
/ )
-1 ] )
-20
Peak Limit CdBm) i
£ 3o
—48p— o i
e A A A AP A b b
-50
-60
-78
5.625 13MH=z/ 5.755
Frequency (GHz)
Range (6Hz) REW/UBU Ref/Attn  Dei/Avg Tupe Sueep Pts #Sups/Mode Position
[ 76 1" dB ). 18 PE 1S I ut 3001 fAX dec
Bondedge 5.625-5.7556Hz 15 4@7 EIRP - U.TST 38915 12 Jun 2815 Rev 9.5 24 Jun 2015

VERTICAL DATA

Trace Markers

Marker Frequency Meter Det AFT136 Amp/Cbl/F Conversion Corrected Peak Limit PK Margin Azimuth Height Polarity
(GHz2) Reading (dB/m) Itr/Pad Factor (dB) Reading (dBm) (dB) (Degs) (cm)
(dBm) (dB) EIRP
1 5.725 -51.15 Pk 34.7 -20.7 11.8 -25.35 -17 -8.35 62 266 \
2 5.725 -51.33 Pk 34.7 -20.7 11.8 -25.53 -17 -8.53 62 266 \

Pk - Peak detector
Bandedge 5.625-5.755GHz 15_407 EIRP - V.TST 30915 12 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

AUTHORIZED BANDEDGE (HIGH CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

28UL Fremont,5m Chamber A 18 Jul 2815 18:47:86
Bandedge
i Project Number: 15028961
1 [ J‘M\ Client:Echostar
Config:EUT+Laptop
Mode:UNIT 5.8 BE H 11n HT28 5825
Tested by:Charles Vergonio
L
% Peak Limit CdBm>
o
o i
=
w
-48
-58
-68
-78
5.8 2BMHz/ 6
Frequency (GHz)
Range (6z) RGU/UBU  Ref/Attn Det/Avg Tpe Susep Pts  #Sups/Mode Fosition
5.8 HC-BB)/M  B/10 PERK/Fur Avg(RNS)  Cnsec(Auto) BB HAXH 117 degs
Bondedge 5.850-6GHz 15_487 EIRP - H.TST 38915 12 Jun 2815 Rev 9.5 24 Jun 2815

HORIZONTAL DATA
Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/F Conversion Corrected Peak Limit PK Margin Azimuth Height Polarity
(GHz2) Reading (dB/m) Itr/Pad Factor (dB) Reading (dBm) (dB) (Degs) (cm)
(dBm) (dB) EIRP
1 5.85 -52.64 Pk 35.1 -20.3 11.8 -26.04 -17 -9.04 117 237 H
2 5.85 -52.73 Pk 35.1 -20.3 11.8 -26.13 -17 -9.13 117 237 H

Pk - Peak detector
Bandedge 5.850-6GHz 15_407 EIRP - H.TST 30915 12 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

VERTICAL PEAK AND AVERAGE PLOT

ol Fremont,Sm Chamber A 18 Jul 2815  18:56:31
Bandedge
Project Number: 15028961
18 Client:Echostar
"Mm Config:EUT+Laptop
r Mode:ONII 5.8 BE U 11n HT2B 5825
g } Tested by:Charles Usrgonio
f |
-1 | ‘\.
-28 W .
w Peak Limit (dBm)
o W
2
—40 ,w\ ' | Q - M ; :
B AR A RS bk e o e b

-50
-60
-78

5.8 2BMH=z/ )

Frequency (GHz)
Range (6Hz) REW/UBU Ref/Attn  Dei/Avg Tupe Sueep Pts #Sups/Mode Position
8 1" dB ). 18 PE MS. I utc 3001 fAXE dec
Bondedge 5.85@-6GHz 15 487 EIRP - U.TST 36815 12 Jun 2A15 Rev 9.5 24 Jun 2015

VERTICAL DATA

Trace Markers

Marker Frequency Meter Det AFT136 Amp/Cbl/F Conversion Corrected Peak Limit PK Margin Azimuth Height Polarity
(GHz2) Reading (dB/m) Itr/Pad Factor (dB) Reading (dBm) (dB) (Degs) (cm)
(dBm) (dB) EIRP
1 5.85 -63.14 Pk 35.1 -20.3 11.8 -36.54 -17 -19.54 63 260 \%
2 5.929 -65.57 Pk 35.2 -20 11.8 -38.57 -27 -11.57 63 260 \%

Pk - Peak detector
Bandedge 5.850-6GHz 15_407 EIRP - V.TST 30915 12 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL HORIZONTAL

| “:UL Fremont,5m Chamber A 13 Jul 2815 B9.:37:89
Rodioted Emissions 3-Meters
195 Fr§ject Number : 15028961
Client:Echostar
ConfigiEUT + Test Laptop
Mode :ONII 5.8 HARM_11n HT28 5745 15
95 Tested |by:D. Mun
Sl:
Peak Limit (dBuU/m)
75
2 UNII Non-Restricted Bul/m
3
5 65
@
o
S Avg Limit (dBul/m)
55
Tt
45 !
l l & M
- 1 SRR S R W
MWWMWMW "
25 Lt
1 8
Frequency (GHz)
Rarge (G RAU/BU  Ref/ficin  Det/vg Tope Suecp Pto  ¥ups/ode Position Ronge (G120 REUABN  Ref/Attn  Det/fvg Tupe Sucep Pic  ¥opeiMiode Position
1:1-5.88 1M(-6dB) / 3Bk 7/0 PERAK/Pur Fvg(RMS) 156msec (Auto) 6BA1 MAXH B-36Bdegs | 5:6.15-18 1M (-6dB) / 38k B7/8 PERK/Pur Avg (RMS) 454msec(Auto) 18k MAXH B-360degs H
3:5.08-6.15 IMCG-6dB)/3Bk  187/18  PEAK/Pur Avg(RMS)  dincecCAute) S52B1  MAXH 8-36Gdegs
[ TST 38315 16 Jun 2815 Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

LOW CHANNEL VERTICAL

! 1:UL Fremont,5m Chamber A 13 Jul 2815 B9:37:89
Rodioted Emissions 3-Meters
195 PY‘E‘JJ‘EDL Number : 15028961
Client:Echostar
Config: EUT + Test Laptop
Mode :ONIT 5.8 HARM_11n HT28 5745 15
95 Tested by:D. Mun
35
Peak Limit (dBulU/m)
75
~ NIT Non-R i d IBulU/m
£
3 5
3 6
@
< ) .
° Avg Limit (dBuU/m)
55
45
35 Al WAL NEOYTT
>5
1 18 18
Frequency (GHz)
Range CGHz) REU/BN  Ref/Attn Del/Avg Tpe Susep Pts  #5ups/Mode Position Range (62 REU/UBH  Ref/Atin Det/fvg Tupe Sucep Pts #5ups/Miode Position
¥ .TST 30915 16 Jun 20415 Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

LOW CHANNEL DATA
Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (d8/m) Fitr/Pad (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) Restricted (d8) (Degs) (em)
(dBuv) (dB) (dBuV/m) (dBuV/m)
1 1.861 35.81 Pk 30.5 -34.5 0 31.81 - - - - 68.2 -36.39 0-360 100 H
2 1.989 35.35 Pk 311 -35.1 0 3135 - - - - 68.2 -36.85 0-360 201 H
3 3.069 33.65 Pk 329 -32.7 0 33.85 - - - - 68.2 -34.35 0-360 201 H
4 6.739 30.38 Pk 35.6 -28.1 0 37.88 - - - - 68.2 -30.32 0-360 100 H
5 6.933 29.04 Pk 35.6 -27.5 0 37.14 - - - - 68.2 -31.06 0-360 201 H
6 10.1 26.24 Pk 37.2 -24.1 0 39.34 - - - - 68.2 -28.86 0-360 100 H

Pk - Peak detector

Radiated Emissions

Frequency Meter Det AFTI36 ‘Amp/CbI/FI DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity

(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuV/m) (d8) (dBuv/m) (dB) Restricted (dB) (Degs) (em)

(dBuv) (dBuV/m) (dBuV/m)

1.86 31.87 ADR 30.5 -34.5 13 28 - - 360 100 H
1.862 43.28 PK-U 30.5 -34.5 [ 39.28 - - - - 68.2 -28.92 360 100 H
1.987 43.45 PK-U 311 -35 [ 39.55 - - - - 68.2 -28.65 360 202 H
1.987 316 ADR 311 -35 13 27.83 - - - - - - 360 202 H
3.068 30.42 ADR 329 -32.7 13 30.75 - - - - - - 360 202 H
3.069 41.63 PK-U 329 -32.7 [ 41.83 - - - - 68.2 -26.37 360 202 H
6.738 26.87 ADR 35.6 -28 13 346 - - 360 100 H
6.739 37.57 PK-U 35.6 -28.1 [ 45.07 - - - - 68.2 -23.13 360 100 H
6.931 37.94 PK-U 35.6 -27.6 [ 45.94 - - - - 68.2 -22.26 360 202 H
6.935 26.09 ADR 35.6 -27.5 13 34.32 - - 360 202 H

10.1 34.39 PK-U 37.2 -24.1 [ 47.49 - - - - 68.2 -20.71 360 100 H
10.102 23.72 ADR 37.2 -24.1 13 36.95 - - - - - - 360 100 H

PK-U - U-NIl: Maximum Peak

ADR - U-NII AD primary method, RMS average
* TST 30915 16 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

MID CHANNEL HORIZONTAL

| WKUL Fremont,5m Chamber A 13 Jul 2815 18:54:25
Rodioted Emissions 3-Meters
195 Project Number: 15028361
Client;Echostar
Config!EUT + Test Laptop
Mode :ONII_5 .8 _HARM_11n_HT28_5785_15
95 Tested [oyD. Mun
85
Peok Limit (dBulU/m)
75
2 UNII Non-Restricted C(dBulU/m)
3 5
3 6
@
.l .
~ Avg Limit (dBuU/m)
55
) WWW
- N — A AN
TR ! v
25 «WW,MWMNMM
1 18 18
Frequency (GHz)
Ronge (6Hz) REU/UBH  Ref/Attn Dst/Avg Tupe Swecp Pls  ¥ops/fode Fosition Renge (Gfiz) REUUBH  Ref/Attn Det/Avg Type Suesp Pte #ups/fods  Fosition
1:1-5.88 MC-6dB)/3k  S7/B  PEAK/Fir AvgRHS)  Auto sl MK B-368ckege H | 5:6.15-18 NC-6B)/3B  BI/B  FERK/Pur vgeRMS)  Auto 18k MK 8-368degs H
35.08-6.15 MC6dB)/30k  167/18  PEAK/Pur AvaRHS)  Auto seal MXH B-368ckege H
b.TST 38915 16 Jun 2015 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

MID CHANNEL VERTICAL

Hl:UL Fremont,5m Chamber A 13 Jul 2815 18:54:25
Rodioted Emissions 3-Meters
195 Project Number: 15028861
Client;Echostar
ConfigiEUT + Test Laptop
Mode:ONII 5.8 HARM 1 1n HT28 5785 15
95 Tested by:D. Mun
85
Peok Limit C(dBulU/m)
75
2 UNII Non-Restricted (dBuU/m
3 5
5 6
@
K -
~ Avg Limit (dBuU/m)
55
45
L OO SO RSOSSN NNV RPN o ey AR . 1 . ik ok 44 ol
25
1 18 18
Frequency (GHz)
Range (6i1z) ROUAUBH  Ref/Attn Dst/Avg Type Sueep Pls  ups/fode Position Ronge CGHz) RBWUBH  Ref/Attn Det/Avg Tupe Sueep Pte #5ups/Made Fosition
pe. TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

MID CHANNEL DATA

Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (d8/m) Fitr/Pad (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) Restricted (d8) (Degs) (em)
(dBuv) (dB) (dBuV/m) (dBuV/m)
1 1.846 35.83 Pk 304 -34.5 0 31.73 - - - - 68.2 -36.47 0-360 100 H
2 2.004 34.35 Pk 311 -35.2 0 30.25 - - - - 68.2 -37.95 0-360 201 H
3 6.332 29.29 Pk 355 -28.4 0 36.39 - - - - 68.2 -31.81 0-360 100 H
4 6.668 27.29 Pk 35.6 -27.1 0 35.79 - - - - 68.2 -32.41 0-360 100 H
5 10.214 26.73 Pk 37.2 -24 0 39.93 - - - - 68.2 -28.27 0-360 100 H
6 13.878 26.38 Pk 38.7 -23.6 0 41.48 - - - - 68.2 -26.72 0-360 201 H

Pk - Peak detector

Radiated Emissions

Frequency Meter Det AFTI36 ‘Amp/CbI/FI DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuV/m) (d8) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuv) (dBuV/m) (dBuV/m)

1.846 32.01 ADR 30.4 -34.5 13 28.04 - - 360 100 H
1.847 43.46 PK-U 30.4 -34.5 [ 39.36 - - - - 68.2 -28.84 360 100 H
2.003 43.02 PK-U 311 -35.2 [ 38.92 - - - - 68.2 -29.28 360 202 H
2.005 31.29 ADR 311 -35.2 13 27.32 - - 360 202 H

6.33 37.59 PK-U 355 -28.4 [ 44.69 - - - - 68.2 -23.51 360 100 H
6.334 26.31 ADR 355 -28.4 13 33.54 - - - - - - 360 100 H
6.667 36.03 PK-U 35.6 -27.2 0 44.43 - - - - 68.2 -23.77 360 100 H
6.669 24.79 ADR 35.6 -27.2 13 33.32 - - - - - - 360 100 H
10.212 34.62 PK-U 37.2 -24 [ 47.82 - - - - 68.2 -20.38 360 100 H
10.215 23.45 ADR 37.2 -24 13 36.78 - - 360 100 H
13.88 34.45 PK-U 38.7 -23.6 [ 49.55 - - - - 68.2 -18.65 360 202 H
13.88 23.67 ADR 38.7 -23.6 13 389 - - - - - - 360 202 H

PK-U - U-NIl: Maximum Peak

ADR - U-NII AD primary method, RMS average
* TST 30915 16 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

HIGH CHANNEL HORIZONTAL

11:UL Fremont,5m Choamber A 13 Jul 2815 11:28:19
Rodioted Emissions 3-Meters
195 Project Number: 15028361
Client;Echostar
ConfigiEUT + Test Laptop
Mode :ON[I_5 8 _HARM_11n_HT28_5825_15
95 Tested byiD. Mun
85
Peok Limit (dBulU/m)
75
2 UNII Non-Restricted (dBulU/m]
3 s
5 6
@
o n . N
~ Avg Limit (dBuU/m)
55
45 M
5
1 J 4 A
35 ki o Yy ¥,
MM
- M,%AMWM
1 18 18
Frequency (GHz)
Range (612) FEU/UBU  Ref/Attn Dst/Avg Type Sueep Pls  ¥ops/fode Fosition Ronge (Gfiz) RBUAUBH  Ref/Attn Det/Avg Type Suesp Pte #ups/fods  Fosition
1:1-5.88 N(-6B)/3  B7/B  PEAK/Fur Avg(RMS) 15BnsecCAuto) 621  MAKH B-360cege H | 5:6.15-18 NC-6BI/38  BI/B  PEAK/Fir Mvg(RMS)  dSincer(Auto) 18k HAKH 8-360dege H
3:5.88-6.15 HC-6B) /3 1ET/I8  PEAK/Par Avg(RNS)  dlmsec(iuto) 5041  MAKH -360dege H
b.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

HIGH CHANNEL VERTICAL

_UL Fremont,5m Chamber A

13 Jul 2815 11:28:19

1

185

95

Client;Echostar

85

ConfigiEUT + Test Laptop
Mode:ONII_5.8_HARM_I1n_HT28_5825_15

Rodioted Emissions 3-Meters
Project Number: 15028361

75

65

(dBulU/m)

55

45

35

25

Tested byD. fun
Peok Limit (dBulU/m)
UNII Non-Restricted (dBulU/m]
Avg Limit (dBuU/m)
18 18
Frequency (GHz)
Range (GHz) FEU/USN  Ref/Attn Det/Avg Type Susep Fts  #oups/fode  Fosition Range (6rz) RBU/UB  Ref/Attn Det/Avg Type Susep Pte  #5ups/fode Fosition

p.TST 38815 16 Jun 2815

Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

HIGH CHANNEL DATA
Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuV) (dB) (dBuv/m) (dBuV/m)

1 1.812 34.55 Pk 30.1 -34.6 0 30.05 - - - - 68.2 -38.15 0-360 100 H

2 1.93 34.44 Pk 30.9 346 0 30.74 B B B B 68.2 37.46 0-360 100 H

3 6.536 29.67 Pk 35.6 -27.8 0 37.47 - - - - 68.2 -30.73 0-360 100 H

4 6.809 29.86 Pk 35.6 -27.8 0 37.66 - - - - 68.2 -30.54 0-360 100 H

5 10.276 27.77 Pk 373 243 0 40.77 B B B B 68.2 27.43 0-360 201 H

6 14.142 27.04 Pk 38.8 -23.6 0 42.24 - - - - 68.2 -25.96 0-360 201 H
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REPORT NO: 15U20961-E2

FCCID: DKNHG

DATE: Aug 10, 2015

11.2.3.

TX ABOVE 1 GHz 802.11n HT40 MODE IN THE 5.8 GHz BAND

RESTRICTED BANDEDGE (LOW CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

28UL Fremont,5m Chamber A 18 Jul 2815 17:12:48
Bandedge
Project Number: 15028961
1 Client:Echostar
Config:EUT+Laptop
Mode:UNIT 5.8 BE H 11n HT48 5755
8 Tested by:Charles Vergonio
-18 J
-20
Peak Limit CdBm)] W
1
o L
£ -3 i AW
w .
L f
—4p b
i
f ' I
-58
-68
-78
5.625 13MHz/ 5.755
Frequency (GHz)
Range (Gz) RGU/UBU  Ref/Attn Det/Avg Tpe Susep Pts  ¥Sups/Mode Fosition
1:5.655.755  1HC-6B)/3M PERK/Pur Avg(RIS)  2nsec(iuto) 8801 HAXH 185 degs
Bondedge 5.625-5.7556Hz_15_487 EIRP - H.TST 38915 12 Jun 2815 Rev 9.5 24 Jun 2815

Trace Markers

HORIZONTAL DATA

Marker Frequency Meter Det AF T136 Amp/Cbl/F Conversion Corrected Peak Limit PK Margin Azimuth Height Polarity
(GHz2) Reading (dB/m) Itr/Pad Factor (dB) Reading (dBm) (dB) (Degs) (cm)
(dBm) (dB) EIRP
2 5.715 -53.78 Pk 34.7 -20.7 11.8 -27.98 -27 -.98 105 241 H
1 5.725 -50.14 Pk 34.7 -20.7 11.8 -24.34 -17 -7.34 105 241 H

Pk - Peak detector

Bandedge 5.625-5.755GHz 15_407 EIRP - H.TST 30915 12 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

VERTICAL PEAK AND AVERAGE PLOT

28UL Fremont,5m Chamber A 18 Jul 2815 17:33:84
Bandedge
Project Number: 15028961

18 Client:Echostar

Config:EUT+Laptop
Mode:UNII 5.8 BE U 11n HT48 5755

8 Tested by:Charles Uergonio MWM
\
/

-10 ‘\f
'!’
-20 :
Peak Limit CdBm) MW
£ _3p ‘““!w
o 2 WW
i |
-48
| i L ol ' !
-50
-60
-78
5.625 13MH=z/ 5.755
Frequency (GHz)
Range (GHz) RBIL/UBY Ref/Attn Det/Avg Tupe Sueep Pte #5ups/Mode Fosition
6: 76 1 48) 18 PE i MG B utc 8001 fAXF e
Bondedge 5.625-5.7556H= 15 487 EIRP - U.TST 38915 12 Jun 2815 Rev 9.5 24 Jun 2815

VERTICAL DATA

Trace Markers

Marker Frequency Meter Det AFT136 Amp/Cbl/F Conversion Corrected Peak Limit PK Margin Azimuth Height Polarity
(GHz2) Reading (dB/m) Itr/Pad Factor (dB) Reading (dBm) (dB) (Degs) (cm)
(dBm) (dB) EIRP
2 5.715 -60.13 Pk 34.7 -20.7 11.8 -34.33 -27 -7.33 117 257 \%
1 5.725 -58.78 Pk 34.7 -20.7 11.8 -32.98 -17 -15.98 117 257 \%

Pk - Peak detector
Bandedge 5.625-5.755GHz 15_407 EIRP - V.TST 30915 12 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

AUTHORIZED BANDEDGE (HIGH CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

Z[ZUL Fremont,5m Chamber A 18 Jul 2815 17:20:38
Bandedge
18 e
.‘M ConfigiEUT+Loptop
Mode:UNIT 5.8 BE H 11n HT48 5795
a Tested by;:Char les Vergonio
,1 8 \
-2 f
i Peak Limit C(dBm)
[/
£ -3
3 2
—4p L Ve " i
-58
-68
-78
5.8 2BMHz/ 6
Frequency (GHz)
Range (6Hz) RBU/UBU Ref/Attn  Det/Avg Tupe Sueep Pte  #Sups/Mode Position
5.8 HC-BB)/M  B/10 PERK/Fur Avg(RNS)  Cnsec(Auto) BB HAXH 117 degs
Bondedge 5.850-6GHz 15_487 EIRP - H.TST 38915 12 Jun 2815 Rev 9.5 24 Jun 2815
HORIZONTAL DATA
Trace Markers
Marker Frequency Meter Det AF T136 Amp/Cbl/F Conversion Corrected Peak Limit PK Margin Azimuth Height Polarity
(GHz2) Reading (dB/m) Itr/Pad Factor (dB) Reading (dBm) (dB) (Degs) (cm)
(dBm) (dB) EIRP
1 5.85 -67.69 Pk 35.1 -20.3 11.8 -41.09 -17 -24.09 117 237 H
2 5.986 -66.69 Pk 35.3 -20 11.8 -39.59 -27 -12.59 117 237 H
Pk - Peak detector
Bandedge 5.850-6GHz 15_407 EIRP - H.TST 30915 12 Jun 2015
Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2

DATE: Aug 10, 2015

FCC ID: DKNHG
VERTICAL PEAK AND AVERAGE PLOT
gL Frement Sm Chanmber A 18 Jul 2815 17:26:04
Bandedge
Project Number: 15020961
18 Client:Echostar
Config:EUT+Laptop
Mode :UNTT 5.8 BE U 11n HT4B 5795
2, Tested by:Charles Uergonio
w\
-18 \
_ L
26 “M Peak Limiit (dBm)
o
o ,38 ~N‘,
o "‘4%
2
—4m , ‘ Tt AT T
WM@MM»MMWWMWMMWMWMMWMMWMM
-50
-60
-78
5.8 28MHz/ &

Range (GHz)

REU/UBld
1HC-6d5)

Ref/Attn Det/Avg Tupe S
19 PE M

=

Pte #sups/Mode Fosition
X de

Bondedge 5.85@-6GHz 15 487 EIRP - U.TST 36815 12 Jun 2A15

Frequency (GHz)

Rev 9.5 24 Jun 2015

Trace Markers

VERTICAL DATA

Marker Frequency Meter Det AFT136 Amp/Cbl/F Conversion Corrected Peak Limit PK Margin Azimuth Height Polarity
(GHz2) Reading (dB/m) Itr/Pad Factor (dB) Reading (dBm) (dB) (Degs) (cm)
(dBm) (dB) EIRP
1 5.85 -69.99 Pk 35.1 -20.3 11.8 -43.39 -17 -26.39 89 257 \%
2 5.955 -65.47 Pk 353 -20 11.8 -38.37 -27 -11.37 89 257 \%
Pk - Peak detector
Bandedge 5.850-6GHz 15_407 EIRP - V.TST 30915 12 Jun 2015
Rev 9.5 24 Jun 2015
Page 98 of 118

UL VERIFICATION SERVICES INC.
47173 BENICIA STREET, FREMONT, CA 94538, USA

TEL: (510) 771-1000
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.

FORM NO: CCSUP4701H

FAX: (510) 661-0888




REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL HORIZONTAL

Hl:UL Fremont,5m Chamber A 12 Jul 2815 14:83:66
Rodioted Emissions 3-Meters
195 FFFJJEDL Number : 15028961
Client:Echostar
Config:EUT+Laptop
Mode :UNIT 5.8 HARM 11n HT4@ 5745
95 Tested |by: Char les Uergonio
Sl:
Peak Limit (dBuU/m)
75
2 UNII Non-Restricted Bul/m
3
5 65
@
o
° Avg Limit (dBul/m)
55
N
=
4 B
2 4
b
35 R R UM vy
ERPHTIE " y
ARG
25 MMVM\/‘WWWMW
1 18
Frequency (GHz)
Range (6Hz) REU/BU  Ref/Attn  Det/Avg Tupe Susep Pts  #ups/Mode  Position Ronge (612) FBUABN  Ref/Atin Det/Avg Tups Susep Pie foups/iodz Position
1:1-5.88 1MC-6dB) / 3Bk 87/0 PERAK/Pur Fvg(RMS) 156msec (Auto) 6BB1 MAXH -3bfdegs | 5:6.15-18 1M(-6dB)/ 30k 87/8 PEAK/Pur Avg (RMS) 454nsec(Auto) 18k MAXH B-360degs H
3:5.08-6.15 IMCG-6dB)/3Bk  187/18  PEAK/Pur Avg(RMS)  dincecCAute) S52B1  MAXH 8-36Gdegs
FCC Part15C_SGHz UNII RSE.TST 38315 16 Jun 2815

Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

LOW CHANNEL VERTICAL

H:UL Fremont,5m Chamber A 12 Jul 2815 14:83:06
Rodioted Emissions 3-Meters
= Project Number: 15028961
18 Client:Echostar
Config:EUT+Loptop
Mode :UNII 5.8 HARM 11n HT48 5745
95 Teated by:Charles Usrgonio
35
Peak Limit (dBulU/m)
75
~ NIT Non-R i d IBulU/m
£
3 5
3 6
@
< ) .
° Avg Limit (dBuU/m)
55
45
5
o
35 : 3 b i AR B, .4\ 3. " Ak
o
>5
1 18 18
Frequency (GHz)
Range CGHz) REU/BN  Ref/Attn Del/Avg Tpe Susep Pts  #5ups/Mode Position Range (62 REU/UBH  Ref/Atin Det/fvg Tupe Sucep Pts #5ups/Miode Position
FCC Porti15C 56Hz UNIT RSE.TST 3@915 16 Jun 2615 Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

Trace Markers

Marker Frequency Meter Det AFT136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fitr/Pad (dB) Reading (dBuv/m) (dB) (dBuv/m) (d8) Restricted (d8) (Degs) (em)
(dBuv) (dB) (dBuV/m) (dBuv/m)
2 *1.599 46.76 Pk 27.9 -35.3 0 39.36 - - 74 -34.64 - - 0-360 100 H
4 *3.837 37.21 Pk 33.4 -32.4 0 38.21 - - 74 -35.79 - - 0-360 201 H
1 *138 38.89 Pk 28.6 -35.8 0 31.69 - - 74 -42.31 - - 0-360 100 \
3 2.143 38.55 Pk 314 -34.5 0 35.45 - - - - 68.2 -32.75 0-360 100 \
5 6.584 31.25 Pk 35.6 -27.5 0 39.35 - - - - 68.2 -28.85 0-360 200 \
6 10.14 28.33 Pk 37.2 -23.9 0 41.63 - - - - 68.2 -26.57 0-360 100 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector

Radiated Emissions

Frequency Meter Det AFTI36 ‘Amp/Chi/FI DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity

(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuV/m) (d8) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuv) (dBuV/m) (dBuV/m)

*1.597 50.34 PK-U 279 -35.3 0 42.94 - 74 -31.06 - - 1 100 H
*1.599 33.92 ADR 279 -35.3 .15 26.67 54 -27.33 - - 1 100 H
*3.837 44.76 PK-U 33.4 -32.4 [ 45.76 - 74 -28.24 - - 129 202 H
*3.837 36.62 ADR 334 -32.4 .15 37.77 54 -16.23 - - 129 202 H
*1.38 45.55 PK-U 28.6 -35.8 0 38.35 - - 74 -35.65 - - 129 100 \
*1.38 34.56 ADR 28.6 -35.8 .15 27.51 54 -26.49 - - - - 129 100 \
2.141 31.75 ADR 314 -34.6 .15 28.70 - - - 129 100 \
2.143 43.25 PK-U 314 -34.5 0 40.15 - - - - 68.2 -28.05 129 100 \
6.585 38.88 PK-U 35.6 -27.5 [ 46.98 - - - - 68.2 -21.22 129 201 \
6.585 27.65 ADR 35.6 -27.5 .15 35.90 - - 129 201 \
10.14 34.95 PK-U 37.2 -23.9 0 48.25 - - - - 68.2 -19.95 129 100 H
10.141 23.75 ADR 37.2 -23.9 15 37.20 - - - - - - 129 100 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK-U - U-NII: Maximum Peak

ADR - U-NII AD primary method, RMS average
FCC Part15C 5GHz UNII RSE.TST 30915 16 Jun 2015

Rev 9.5 24 Jun 2015
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

HIGH CHANNEL HORIZONTAL

H:UL Fremont,5m Chamber A 12 Jul 2815 14:34:21
Rodicted Emissions 3-Meters
= Project Number: 15028961
18 Client:Echostar
Config: EUT+Laptop
Mode :UNIT 5.8 HARM 11n HT48 5795
95 Tested by Char les Uergonio
8;
Peak Limit (dBulU/m)
7|:
2 UNII Non-Restricted IBulU/m
3
5 65
@
o .
~ Avg Limit (dBuU/m)
55 i
45 1
1 5
A
35 e m ‘M' i
PPRTINTE T
MR AN A A i
- b Al
1 18 18
Frequency (GHz)
Range (GH) REU/EU  Ref/ftin  Det/fvg Tupe Sueep Pts  ¥oups/Mods Position Ronge (620 REU/UBL  Ref/ftin Det/fvg Tupe Sucep Pts 15ups/Miode Position
1:1-5.88 IHC-68)/38  67/B  PERK/Pur Avg(RNS)  1S6usec(futo) BBBI  MAKH B-363degs| 5:6.15-18 M(-6d8)/3Bk  BI/B  PEAK/Pur Avg(RIS)  45dnsec(huto) 18k HAXH 8-360degs H
3:5.88-6.15 IHC-6B)/38 18718 PEAK/Pur Avg(RMS)  dincsctAuto) SEBI  MAXH B-360dege
FCC Part1SC SGHz UNII RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.

Page 102 of 118

UL VERIFICATION SERVICES INC.
47173 BENICIA STREET, FREMONT, CA 94538, USA

TEL: (510) 771-1000

FORM NO: CCSUP4701H
FAX: (510) 661-0888

This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.



REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

HIGH CHANNEL VERTICAL

H:UL Fremont,5m Chamber A 12 Jul 2815 14:34:21
Rodioted Emissions 3-Meters
= Project Number: 15028961
18 Client:Echostar
Config:EUT+Loptop
Mode :UNII 5.8 HARM 11n HT48 5795
95 Teated by:Charles Usrgonio
35
Peak Limit (dBulU/m)
75
~ NIT Non-R i d IBulU/m
£
3 5
3 6
@
< ) .
° Avg Limit (dBuU/m)
55
45
6
o
23 4
35 S § . oW L NG
25
1 18 18
Frequency (GHz)
Range CGHz) REU/BN  Ref/Attn Del/Avg Tpe Susep Pts  #5ups/Mode Position Range (62 REU/UBH  Ref/Atin Det/fvg Tupe Sucep Pts #5ups/Miode Position
FCC Porti15C 56Hz UNIT RSE.TST 3@915 16 Jun 2615 Rev 9.5 24 Jun 2015

Note: Emission was scanned up to 40GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

HIGH CHANNEL DATA
Trace Markers

Marker Frequency Meter Det AF T136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (d8/m) Fitr/Pad (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) Restricted (d8) (Degs) (em)
(dBuv) (dB) (dBuV/m) (dBuV/m)
1 *1.593 49.79 Pk 279 -35.3 0 42.39 - - 74 -31.61 - - 0-360 100 H
5 *3.863 36.75 Pk 335 -32.7 0 37.55 - - 74 -36.45 - - 0-360 201 H
2 *2.376 38.71 Pk 319 -34.8 0 35.81 - - 74 -38.19 - - 0-360 200 \
3 *2.487 37.76 Pk 321 -34.2 0 35.66 - - 74 -38.34 - - 0-360 100 \
4 3.292 35.93 Pk 32.8 -33.2 0 35.53 - - - - 68.2 -32.67 0-360 200 \
6 9.538 29.14 Pk 36.6 -25.1 0 40.64 - - - - 68.2 -27.56 0-360 200 \

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector

Radiated Emissions

Frequency Meter Det AFTI36 ‘Amp/Chi/Fl DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin UNII Non- PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) tr/Pad (dB) Reading (dBuV/m) (d8) (dBuv/m) (dB) Restricted (dB) (Degs) (em)
(dBuv) (dBuV/m) (dBuV/m)
*1.595 52.38 PK-U 27.9 -35.3 [ 44.98 - 74 -29.02 - - 343 100 H
*1.595 32.88 ADR 279 -35.3 .15 25.63 54 -28.37 - 343 100 H
*3.864 44.08 PK-U 335 -32.7 [ 44.88 - - 74 -29.12 - - 343 202 H
*3.863 32.81 ADR 335 -32.7 15 33.76 54 -20.24 - - - - 343 202 H
*2.375 44.23 PK-U 319 -34.8 0 41.33 - - 74 -32.67 - - 343 202 \
*2374 31.79 ADR 319 -34.8 15 29.04 54 -24.96 - - 343 202 \
*2.489 42.89 PK-U 321 -34.2 [ 40.79 - - 74 -33.21 - - 343 100 \
*2.488 31.1 ADR 321 -34.2 .15 29.15 54 -24.85 - - - 343 100 \
3.29 42.31 PK-U 32.8 -33.2 [ 41.91 - - - - 68.2 -26.29 343 201 \
3.292 30.37 ADR 32.8 -33.2 15 30.12 - - 343 201 \
9.537 35.87 PK-U 36.6 -25.1 0 47.37 - - - - 68.2 -20.83 343 201 \
9.539 24.6 ADR 36.6 -25.1 .15 36.25 - - - - - - 343 201 \

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK-U - U-NII: Maximum Peak

ADR - U-NII AD primary method, RMS average
FCC Part15C 5GHz UNII RSE.TST 30915 16 Jun 2015
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REPORT NO: 15U20961-E2
FCC ID: DKNHG

DATE: Aug 10, 2015

12. WORST-CASE BELOW 1 GHz (in the 5.3 GHz Band)

SPURIOUS EMISSIONS 30 TO 1000 MHz (WORST-CASE CONFIGURATION, HORIZONTAL)

9

UL Fremont,5m Chamber A

3 Aug 2815 18:36:16

a5

Project Number: 15028961

Client:Echostar
Config:EUT + Test Laptop
Mode :ONII_HARM_BL1G

75

65

Tested by:D. Min

Rodioted Emissions — 3 Meters

55

45

(dBulU/m)

35

25

UFK

mi T lagavsm)

8

O™
o

a

i W A .AM

180

Frequency (MHz)

18086

Range
1:30-208

MHz)

REWABU  Ref/fitn Det/Avg Type

Sueep Pls  foups/ode
128 (-6dB)/1M  97/1B  PEAK/LogPur-Video Insec(futo) 4881  HAXH

Position
B-36Bcegs H

[ Ref/fttn  Det/Avg Type

Range (HHz) U
3:200-1628 120k(-6d8)/1H  57/18  PEAK/LogPur-Viden

Susep Pts foups/fode Fosition
3usec(huto) 8081 MAYH 8-360dege H

FCC Part 15 Subpart C 38-1@B8MHz.TST 36915 15 Jul 26814
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCC ID: DKNHG

SPURIOUS EMISSIONS 30 TO 1000 MHz (WORST-CASE CONFIGURATION, VERTICAL)

QKUL Fremont,5m Chamber A 3 Aug 2015 18:36:16
Radiated Emissions - 3 Meters
Project Number: 15028961

85 Client:Echostar
Config-EUT + Test Laptop
Mode :UNIT_HARM_BL1G

75 Tested by:D. Min

6:

55

E 45 QPR T T Y f (
Z o
il \ \
25y " | "
S ™ { M b
- Y . i, J'ﬁWﬂsﬂu WS‘U_W juw,wmwﬁnﬂﬁ Ju,jww
i, ‘%%% ﬂ ”w" Mth | f
5 MUt o
36 186 18606
Frequency (MHz)
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
FCCID: DKNHG

Below 1G Data

Trace Markers

Marker Frequency Meter Det AF T130 Amp/Cbl Corrected QPk Limit Margin Azimuth Height Polarity
(MHz) Reading (dB/m) (dB/m) Reading (dBuV/m) (dB) (Degs) (cm)
(dBuVv) (dBuV/m)
7 *119.9725 49.86 Pk 13.9 -30.4 33.36 43.52 -10.16 0-360 299 H
8 *132.8075 49.29 Pk 14.1 -30.3 33.09 43.52 -10.43 0-360 199 H
9 *149.9988 47.74 Pk 12.6 -30.2 30.14 43.52 -13.38 0-360 199 H
10 *167.9975 48.62 Pk 11.7 -30.1 30.22 43.52 -13.3 0-360 199 H
1 33.315 43.69 Pk 18.9 -31.2 31.39 40 -8.61 0-360 101 \
6 99.615 50.51 Pk 9.3 -30.6 29.21 43.52 -14.31 0-360 299 H
2 200.1 54.9 Pk 12.6 -29.9 37.6 43.52 -5.92 0-360 101 H
3 392.7 48.93 Pk 15 -29.1 34.83 46.02 -11.19 0-360 101 H
4 558.3 36.95 Pk 18.5 -28.6 26.85 46.02 -19.17 0-360 101 Vv
5 820 40.21 Pk 21.6 -27.9 33.91 46.02 -12.11 0-360 101 Vv

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band

Pk - Peak detector
FCC Part 15 Subpart C 30-1000MHz.TST 30915 15 Jul 2014
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
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13. AC POWER LINE CONDUCTED EMISSIONS

FCC §15.207 (a)

RSS-Gen 8.8
Fregueney of Emission (MHz) Conducted Limit (dBuV)
Quasi-peak Average
0.15-0.5 B tor 56 56 to 46
0.5-5 56 46
5-30 il S0
" Decreases with the logarithm of the frequency.

TEST PROCEDURE

The EUT is placed on a non-conducting table 40 cm from the vertical ground plane and 80 cm above the
horizontal ground plane. The EUT is configured in accordance with ANSI C63.10.

The receiver is set to a resolution bandwidth of 9 kHz. Peak detection is used unless otherwise noted as
quasi-peak or average.

Line conducted data is recorded for both NEUTRAL and HOT lines.

RESULTS
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6 WORST EMISSIONS

181UL Fremont, CA CE Room 12 Aug 2815 13:16:45
Conducted RFI Uoltage
Project No:15U2B361
91 Client Nome:Echostar
Model/Device: 1D B93
Test VUolt/Freq:128UAC/BEHz UNIT
a1 Test By:Jude Semanc
71
61

dBuld Line-L1

A
TN
a4
[l

A o
U \/ i L
21 i bﬂj

15 1 18 38
Frequency (MHz)
DTS _AC LINE.dat | 14 May 2615 Rev 9.5 26 Moy 2815
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REPORT NO: 15U20961-E2 DATE: Aug 10, 2015
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LINE 1 RESULTS
Trace Markers

Range 1: Line-L1 .15 - 30MHz

Frequency Meter Det T241LL1 LC Cables Corrected CISPR 22 Margin CISPR 22 Margin
(MHz) Reading 1&3 Reading Class B QP (dB) Class B Avg (dB)
(dBuV) dBuv
.20288 28.55 Ca 9 0 29.45 - - 53.49 -24.04
.18578 35.38 Ca 1 0 36.38 - - 54.22 -17.84
4.80638 16.34 Ca .2 1 16.64 - - 46 -29.36
3.54638 25.26 Ca 2 1 25.56 - - 46 -20.44
3.55538 24.62 Ca .2 1 24.92 - - 46 -21.08
9.45128 31.4 Ca .2 1 31.7 - - 50 -18.3
9.44138 31.24 Ca 2 1 31.54 - - 50 -18.46
Ca - CISPR average detection
Range 1: Line-L1 .15 - 30MHz
Frequency Meter Det T241LL1 LC Cables Corrected CISPR 22 Margin CISPR 22 Margin
(MHz) Reading 1&3 Reading Class B QP (dB) Class B Avg (dB)
(dBuv) dBuV
.20288 43.14 Qp .9 0 44.04 63.49 -19.45 - -
.18578 47.73 Qp 1 0 48.73 64.22 -15.49 - -
4.80638 24.99 Qp 2 1 25.29 56 -30.71 - -
3.54638 33.65 Qp .2 1 33.95 56 -22.05 - -
3.55538 33.09 Qp .2 1 33.39 56 -22.61 - -
9.45128 39.43 Qp 2 1 39.73 60 -20.27 - -
9.44138 39.19 Qp .2 1 39.49 60 -20.51 - -
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181UL Fremont, CA CE Room 12 Aug 2815 13:16:45
Conducted RFI Uoltage
Project No: 15026961
El Client Nome:Echostar
Madel/Device: 1D B93
Test Uolt/Freq:12BUAC/6BHZz  UNIT
=3 Test By:Jude Semana
71
e
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Fregquency (MHz)
Rang= CMHz) RBU/UBU Ref/Attn  Det/Avg Mode Sueep Fis  ¥5u Rorge Oz RBU/ VB Ref/Attn  Det/fvg Mode Sueep Fis  #5ups/M]
2:.15-8 I (-8 /- 52/18  P/Av 1s/4 ShHz 6635 1/URLT
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Range 2: Line-L2 .15 - 30MHz

LINE 2 RESULTS

Frequency Meter Det T24 1L L2 LC Cables Corrected CISPR 22 Margin CISPR 22 Margin
(MHz) Reading 283 Reading Class B QP (dB) Class B Avg (dB)
(dBuv) dBuV
.15788 25.71 Ca 1.4 0 27.11 - - 55.57 -28.46
.18488 35.48 Ca 11 0 36.58 - - 54.26 -17.68
1.58663 22.73 Ca 2 1 23.03 - - 46 -22.97
20.5609 16.68 Ca 3 2 17.18 - - 50 -32.82
20.5753 16.73 Ca 3 2 17.23 - - 50 -32.77
Ca - CISPR average detection
Range 2: Line-L2 .15 - 30MHz
Frequency Meter Det T24 1L L2 LC Cables Corrected CISPR 22 Margin CISPR 22 Margin
(MHz) Reading 283 Reading Class B QP (dB) Class B Avg (dB)
(dBuv) dBuv
.15788 45.43 Qp 1.4 0 46.83 65.57 -18.74 - -
.18488 48.32 Qp 11 0 49.42 64.26 -14.84 - -
1.58663 29.83 Qp .2 1 30.13 56 -25.87 - -
20.5609 22.43 Qp 3 2 22.93 60 -37.07 - -
20.5753 22.36 Qp 3 2 22.86 60 -37.14 - -

Qp - Quasi-Peak detector
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