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1. ATTESTATION OF TEST RESULTS

COMPANY NAME: MICROSOFT CORP.
EUT DESCRIPTION: RADIO TRANSCEIVER DEVICE
MODEL: 1688
SERIAL NUMBER: 26653556, 28453556
DATE TESTED: SEPTEMBER 14 — OCTOBER 24, 2015
APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C Pass
INDUSTRY CANADA RSS-247 Issue 1 Pass
INDUSTRY CANADA RSS-GEN Issue 4 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:
o

CHOON 00l GLENN ESCANO

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, KDB 558074 D01 v03r03, ANSI C63.10-2013, RSS-GEN Issue 4, and RSS-247 Issue 1.

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.
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4. CALIBRATION AND UNCERTAINTY
4.1. MEASURING INSTRUMENT CALIBRATION

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

4.2. SAMPLE CALCULATION

Where relevant, the following sample calculation is provided:

Field Strength (dBuV/m) = Measured Voltage (dBuV) + Antenna Factor (dB/m) + Cable
Loss (dB) — Preamp Gain (dB)

36.5dBuV + 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 1000 MHz +4.94 dB
Radiated Disturbance, 1 to 6 GHz +3.86 dB
Radiated Disturbance, 6 to 18 GHz +4.23dB
Radiated Disturbance, 18 to 26 GHz +5.30dB
Radiated Disturbance, 26 to 40 GHz +5.23dB

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 a radio transceiver device, which contains an integrated 802.11 a/b/g/n/ac and BT 4.1 radios.

5.2. MAXIMUM OUTPUT POWER

The transmitter has a maximum conducted output power as follows:

Frequency Range Mode Output Power| Output Power
(MHz) (dBm) (mW)
2412 - 2462 802.11b 17 50.12
2412 - 2462 802.11g 18.51 70.96
2412 - 2462 802.11n HT20 18.55 71.61
5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes an FPCB antenna, with a maximum gain of 5.3dBi on Core 0 and 6.6dBi on Core 1.

5.4. SOFTWARE AND FIRMWARE

The software installed in the EUT during testing was Microsoft Ver. Th2_analogl_dev.150917-2108.
The EUT HW Buid Phase: EV3B

The test utility software used during testing was Microsoft WiFi Tool, Ver 3.2.1 (526/2015)
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5.5. List of test reduction and modes covering other modes:
Authorized Frequency Band (Antenna port & Radiated Testing)
Frequency Range Mode Covered by

(MHz)

2412 - 2462 802.11b 1TX 802.11b 1TX
2412 - 2462 802.11g 1TX 802.11g 2TX CDD
2412 - 2462 802.11HT20 1TX 802.11n HT20 2TX CDD
2412 - 2462 802.11HT20 2TX STBC 802.11n HT20 2TX CDD
2412 - 2462 802.11ac VHT20 2TX STBC 802.11n HT20 2TX CDD
2412 - 2462 802.11ac VHT20 2TX CDD 802.11n HT20 2TX CDD
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5.6. 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 Z orientation was worst-case orientation; therefore, all final radiated testing was performed with
the EUT in Z orientation.

For 11 b SISO mode, chain 1 is the worst case; conducted measurement was performed on this chain.

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

802.11b mode: 1 Mbps

802.11g mode: 6 Mbps

802.11n HT20mode: MCSO
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5.7. DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT

Laptop Lenovo X1 Carbon N/A N/A
AC Adapter Microsoft 1623 0D130B03GDE54 N/A
/O CABLES

1 DC Power|1 Mini-USB Shielded 1.2m N/A

TEST SETUP

The EUT is a stand-alone unit during the tests. Test software exercised the radio card.
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SETUP DIAGRAM FOR TESTS

AC ADAPTER

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 ESCI7 1000741 |08/13/16
EMI Test Receiver, 30 MHz R&S ESHS 20 N02396 [08/18/16
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 Miteq NSP4000-SP2 [924343 |03/23/16
RF Preamplifier, 1GHz - 26.5GHz HP 8449B T404 06/29/16
AC Power Supply, 2,500VA 45-500Hz |Elgar-Ametek CW2501M F00013 [CNR
RF Preamplifier, 1GHz - 40GHz Miteq NSP4000-SP2 [C00990 |08/20/16
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 ULEMC 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 ULRF Ver2.1.1.1, Jan 20 2015
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7. MEASUREMENT METHODS

KDB 558074 D01 DTS Meas Guidance v03r03: Measurement Procedure AVGPM-G is used for power and
AVGPSD-3 is used for power spectral density.

Unwanted emissions within Restricted Bands are measured using traditional radiated procedures.

Band edge emissions within Restricted Bands are measured using RMS with duty cycle factor offset
method.
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8. SUMMARY TABLE

FCC Part RSS Test Description Test Limit Test Test Worst Case
Section Section(s) Condition Result

15.247 RSS-247 . .

B h B > KH P 7.572MH
(@)2@) 5921 Occupied Band width (6dB) 500KHz ass 5 z

21051, | pss.247 5.5 |Band Edge / Conducted -20dBc Pass -27.83dBm
15.247 (d) Spurious Emission Conducted

15.247 Ri84_2447 TX conducted output power <30dBm Pass 18.37dBm

15.247 RSSSZ_2247 PSD <8dBm Pass -4.39dBm
15.207 (a) |RSS-GEN 8.8 |AC Power Line conducted Section 10 Pass |51.03dBuV(PK)

emissions

15.205, RSS-GEN . . L .

15.209 8.9/7 Harmonic Spurious Emission < 54dBuV/m Radiated Pass 46.7dBuV/m
15.205, RSS-GEN . L

15.209 8.9/7 Radiated Band-Edge Emission < 54dBuV/m Pass 52.99dBuVv/m
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9. ANTENNA PORT TEST RESULTS

9.1.

None; for reporting purposes only.

ON TIME AND DUTY CYCLE RESULTS

ON TIME, DUTY CYCLE

Mode ON Time| Period |Duty Cycle Duty Duty Cycle 1/B
B X Cycle Correction Factor |Minimum VBW
(msec) | (msec) | (linear) (%) (dB) (kHz)
2.4GHz Band
802.11b CDD 100.000 | 100.000 1.000 100.00% 0.00 0.010
802.11g CDD 1.394 1.414 0.986 98.59% 0.00 0.010
802.11n HT20 CDD 0.676 0.694 0.974 97.41% 0.11 1.479
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DUTY CYCLE PLOTS

DUTY CYCLE 802.11b MODE

Agilent Spectrum

RE

ALIGN AUTO 01:11:14PM Sep 15, 2015

L s
[Center Freq 2.437000000 GHz |
PNO: Fast —+— 1rig: FreeRun
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Log
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S
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. s

oer|P PPPPP
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DUTY CYCLE 802.11n HT20 CDD MODE

ALIGN AUTO

L S RF

ep 15, 2015

Agilent Spectrum Analy e

01:14:44 PM

[Center Freq 2.437000000 GHz | THig: Fres Run Avg Type: Log-Pwr TRAGEl] 53 75 § Frequency
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9.2. 6 dB BANDWIDTH

LIMITS

FCC §15.247 (a) (2)
IC RSS-247 5.2.1

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

TEST PROCEDURE

Reference to KDB 558074 D01 DTS Meas Guidance v03r03: 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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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

9.2.1. 802.11b MODE IN THE 2.4 GHz BAND

Channel[Frequency|6 dB Bandwidth| Minimum Limit
(MHz) (MHz) €O (MHz)
Low 2412 8.073 0.5
Mid 2437 7.572 0.5
High 2462 8.060 0.5
Worst 7.572

9.2.2. 802.11g MODE IN THE 2.4 GHz BAND

Channel[Frequency|6 dB Bandwidth(6 dB Bandwidth|Minimum Limit
(MHz) (MHz) CO (MHz) C1 (MHz)
Low 2412 16.350 16.375 0.5
Mid 2437 16.375 16.375 0.5
High 2462 16.375 16.375 0.5
Worst 16.350 16.375

9.2.3. 802.11n HT20 MODE IN THE 2.4 GHz BAND

Channel|Frequency|6 dB Bandwidth|6 dB Bandwidth|Minimum Limit
(MHz) (MHz) CO (MHz) C1 (MHz)
Low 2412 17.577 17.604 0.5
Mid 2437 17.631 17.604 0.5
High 2462 17.604 17.604 0.5
Worst 17.577 17.604
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

9.24. 6dB BANDWIDTH PLOTS

11b 2412 Chain 0 11b 2437 Chain 0
% Agilent 10:18:34 Sep 16, 2015 L [Freg/Channel Agilent 10:64:35 Sep 16, 2615 L |Freg/Channel
APY3.30880515),TC, Conducted A a Mkrl 8.073 MHz AP3.3(888515),TC, Conducted A a Mirl 7.572 MHz]
Ref 2.9 dBn _ *Rtren 28 dB o.094 ¢ || CenterFreal | lo.toe g dBn  sAreen 20 B 6.236 d5 || ,Genter Freq
#Peak 2.41200008 GHz #Peak 2.43700806 GHz|
Log Log
18 . L StartFreq 18 ir 1 Start Freq
dB/ > 2.40550000 GHz dB/ & i 2.43100000 GHz
o s
Iy StopFreq i3 Stop Freq
ol 2.41850080 GHz ol 2.44300890 GHz|
2.6 3.0
dBn CF Step) A CF Step
1. MHz 1. MHz
e ) | e ™
vl sz Freq Offset, vl s2 | Freq Offset
83 FS @, Hz| $3 F 6. Hz
i AR ——
£ £(fx
;%u)n Signal Track F%u)n Signal Track
On off On Off]
Swp = Swp | puan
|
Center 2.412 800 GHz Span 13 MHz Center 2.437 886 GHz Span 12 MHz
#Res BN 100 kHz #UBH 300 kHz  Sweep 1.267 ms (1801 pts) #Res BH 168 kHz #BH 308 kHz Sweep 1.2 ms (1081 pts)
|

11b 2462 Chain 0

Agilent 10:14:37 Sep 16, 2015 L Freq/Channel
APw3.3(889515),TC, Conducted A a Mkrl §.860 MHz Center Freq
EgiaZk@.S dBm #Atten 20 dB #.156 dB 5 4600300 Gl
Log
18 A A Start Freq
dB/ > 2.4555080@ GHz
Offst
ig_g Stop Freq
o 2.46850808 GHz
i CF Step

1. MHz
#PAvg |Futo Man
166 |
v 82 | Freq Offset,
s3F a. Hz]

AR I—
ﬁ?n signal Track
Swp 1 On Off

|
Center 2.462 900 GHz Span 13 MHz
#Res BH 108 kHz #UBH 380 kHz  Sweep 1.267 ms (1001 pts)
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REPORT NO: 15U21746-E3V2

MODEL: 1688

DATE: DECEMBER 8, 2015

11g 2412 Chain 0

11g 2437 Chain 0

i Agilent 10:40:19 Sep 16, 2015 L Freq/Channel 3% Agilent 18:34:32 Sep 16, 2615 L Freg/Channel
APY3.3(880515),TC, Conducted A a Mkrl 16.358 MHz APw3.3(888515),TC, Conducted A a Mkrl 16.375 MHz
Ref 2.9 dBn _ *Rtren 28 dB 0533 6 || benterFreal | Jo.roeg dBn  sreen 20 B 6.2 s ||, Genter Freq
WPock 241200000 GHz| | |sPean 243700009 GHz
Log Log
16 Start Freq 18 Start Freq
dB/ iR i 2.39950000 GHz dB/ " s 242450000 GHz,
T - ° o i
Iy StopFreq i3 Stop Freq
ol 2.42450080 GHz ol 2.44350800 GHz|
-2.2 -26
A5 CF Step) AB CF Step
2.5 MHz 2.5 MHz
e [ | e ™ i
vl sz Freq Offset, vl s2 | Freq Offset
83 FS @, Hz| $3 F 6. Hz
AR AR L
£ £(fx
) Signal Track| ) Signal Track|
FTun o 0if FTun o it
Swp n = Swp | n =]
|
Center 2.412 800 GHz Span 25 MHz Center 2.437 886 GHz Span 25 MHz
#Res BN 100 kHz #UBH 300 kHz Sweep 2.4 ms (1081 prs) #Res BH 168 kHz #BH 308 kHz Sweep 2.4 ms (1081 pts)
|

11g 2462 Chain 0

Agilent 10:52:35 Sep 16, 2015 L Freq/Channel
APw3.3(889515),TC, Conducted A a Mkrl 16.375 MHz
Ref 20.9 dBm_ sAtten 20 dB 6.126 5 ||  Center Freq
o 2.46280000 GHz
Log
16 StartFreq
4B/ iR s 2.44350808 GHz
Offst < Y
ﬁ%g Stop Freq
o 2.47450808 GHz
-2.3
AR CF Step|
2.5 MHz]
#PAva M Man
198 -
ul 52 | Freq Offset
53 F X Hz]
AR I—
£f:
F%jn signal Track
Swp 1 on i
|
Center 2,462 800 GHz Span 25 MHz
#Res BH 108 kHz #BH 380 kHz Sweep 2.4 ms (1001 pts)
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REPORT NO: 15U21746-E3V2

MODEL: 1688

DATE: DECEMBER 8, 2015

11g 2412 Chain 1

11g 2437 Chain 1

# Agilent 12:15:35 Sep 16, 2615 L Freq/Channel 3% Agilent 12:09:20 Sep 16, 2015 L Freq/Channel
APY3.30880515),TC, Conducted A a Mkrl 16.375 MHz AP3.3(888515),TC, Conducted A a Mkrl 16.375 MHz
Ref 2.9 dBn _ *Rtren 28 dB 5471 B || CeMterFreal | pocas 0B sAeen 20 o “o.19% dp ||  Center Freq
#Peak 2.41200008 GHz #Peak 2.43700806 GHz|
Log Log
16 Start Freq 18 Start Freq
B/ 1R 1, : 239950000 GHz dB/ 1r ol 1 2.42450000 GHz|
iy ° s !
Iy StopFreq i3 Stop Freq
ol 2.42450080 GHz ol 2.44350800 GHz|
-1.2 -0.9
A5 CF Step) e CF Step
.5 MHz 7 2.5 MHz
e ™ | o ™ i
vl sz Freq Offset, vl s2 | Freq Offset
$3 FS 8. Hz] 53 F X Hz|
AR AR L
£ £(fx
) Signal Track| ) Signal Track|
FTun o 0if FTun o it
Sup n = Sup | n =
|
Center 2.412 800 GHz Span 25 MHz Center 2.437 886 GHz Span 25 MHz
#Res BN 100 kHz #UBH 300 kHz Sweep 2.4 ms (1081 prs) #Res BH 168 kHz #BH 308 kHz Sweep 2.4 ms (1081 pts)
|

11g 2462 Chain 1

3% Agilent 12:21:15 Sep 16, 2815 L Freq/Channel
APw3.3(889515),TC, Conducted A a Mkrl 16.375 MHz
Ref 20.9 dBm_ sAtten 20 dB “1.292 op ||  Center Freq
#Poak 246200808 GHz
Log
16 StartFreq
4B/ iR 1 2.44350808 GHz
0ffst ®
ﬁ%g Stop Freq
o 2.47450808 GHz
-1.1
ABm CF Step|
2.5 MHz
MGLE uto Man
198 ==
¥l 52 || Freq Offset
53 F X Hz]
AR ||—
£f:
F%jn | Signal Track
Swp 1 on i
|
Center 2,462 800 GHz Span 25 MHz
#Res BH 108 kHz #BH 380 kHz Sweep 2.4 ms (1001 pts)
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

11n HT20 2412 Chain 0 11n HT20 2437 Chain 0
i Agilent 11:41:28 Sep 16, 2015 L Freq/Channel i Agilent 11:30:51 Sep 16, 2015 L Freq/Channel
APY3.3(880515),TC, Conducted A a Mkrl 17.577 MHz C F APw3.3(888515),TC, Conducted A a Mkrl 17.631 MHz C F
Ref 26.9 dBm #firten 20 dB -0.153 dp || , benter Freq Ref 26.9 dBm #Atten 20 dB 0.724 dB enter Freq
WPock 241200000 GHz| | |sPean 243700009 GHz
Log Log
16 Start Freq 18 Start Freq
dB/ 2.39850000 GHz dB/ iR 1 2.42350000 GHz
Offst v o Dffst P &
18.9 19.9
48 StopFreq 4B Stop Freq
ol 2.42550080 GHz ol 245050800 GHz|
-5.1 -25
A8 CF Step) i CF Step
2. MHz MHz
#PRvg Futo Man #Phvg ﬂum Han
189 180 |
vl sz Freq Offset, vl s2 || Freq Offset
83 FS @, Hz| $3 F 6.
AR AR ||—
£ £(fx
;%u)n Sighal Track F%u)n | Signal Track
On off
Sup =] Swp |
|
Center 2.412 800 GHz Span 27 MHz Center 2.437 886 GHz Span 27 MHz
#Res BN 100 kHz #UBH 300 kHz Sweep 2.6 ms (1081 prs) #Res BH 168 kHz #BH 308 kHz Sweep 2.6 ms (1081 pts)
|
11n HT20 2462 Chain 0
Agilent 11:5457 Sep 16, 2015 L Freq/Channel
APw3.3(889515),TC, Conducted A a Mkrl 17.604 MHz
Ref 20.9 dBm_ sAtten 20 dB 1161 d5 || Center Freq
o 2.46280000 GHz
Log
16 StartFreq
4B/ 2.44850808 GHz
Offst 1R >
10.3 % ®
4B Stop Freq
o 2.47550808 GHz
-4.9
AR CF Step|
— 2. MHz
#PAva [Futo Man
196 L -
v 82 || req Offset]
s3F a. Hz]
AR | =
£f:
F%jn | Signal Track
Swp 1 on i
|
Center 2,462 800 GHz Span 27 MHz
#Res BH 108 kHz #BH 380 kHz Sweep 2.6 ms (1001 pts)
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

11n HT20 2412 Chain 1 11n HT20 2437 Chain 1
i Agilent 11:45:26 Sep 16, 2015 L Freq/Channel i Agilent 11:35:35 Sep 16, 2015 L Freq/Channel
APY3.3(880515),TC, Conducted A a Mkrl 17.684 MHz APw3.3(888515),TC, Conducted A a Mkrl 17.694 MHz
Ref 2.9 dBn _ *Rtren 28 dB 1179 op || CeMterFreal | pocas gbm  sAeen 20 o 6983 d5 || ,Genter Freq
WPock 241200000 GHz| | |sPean 243700009 GHz
Log Log
16 Start Freq 18 Start Freq
B/ " 239850000 GHz dB/ I 1 : 2.47350000 GHz|
e |
Iy StopFreq i3 Stop Freq
ol 2.42550080 GHz ol 245050800 GHz|
-3.8 -0.9
A8 CF Step) e CF Step
2. MHz MHz
#PRvg |Futn Man #Phvg | Futo Han
189 180
vl sz Freq Offset, vl s2 || Freq Offset
83 FS @, Hz| $3 F 6.
AR AR ||—
£ £(fx
;%u)n Sighal Track F%u)n | Signal Track
On off
Sup =] Swp |
|
Center 2.412 800 GHz Span 27 MHz Center 2.437 886 GHz Span 27 MHz
#Res BN 100 kHz #UBH 300 kHz Sweep 2.6 ms (1081 prs) #Res BH 168 kHz #BH 308 kHz Sweep 2.6 ms (1081 pts)
|
11n HT20 2462 Chain 1
Agilent 12:00:08 Sep 16, 2015 L Freq/Channel
APw3.3(889515),TC, Conducted A a Mkrl 17.604 MHz c F
Ref 2.9 dBm #Airten 28 dB 0.444 dB enter Freq
o 2.46280000 GHz
Log
16 StartFreq
4B/ . 2.44850808 GHz
Dffst - >
ﬁ%g Stop Freq
o 2.47550808 GHz
-4.1
ABm CF Step|
2. MHz
#PAva [Futo Man
198 L
v 82 | Freq Offset,
s3F a. Hz]
AR I—
£f:
F%jn signal Track
Swp 1 on i
|
Center 2,462 800 GHz Span 27 MHz
#Res BH 108 kHz #BH 380 kHz Sweep 2.6 ms (1001 pts)
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

9.3. 99% BANDWIDTH

None; for reporting purposes only.

RESULTS

9.3.1. 802.11b MODE IN THE 2.4 GHz BAND

Channel|Frequency|99% Bandwidth
(MHz) (MHz) CO
Low 2412 10.321
Mid 2437 10.247
High 2462 10.255
Worst 10.321

9.3.2. 802.11g MODE IN THE 2.4 GHz BAND

Channel|Frequency|99% Bandwidth|99% Bandwidth
(MHz) (MHz) CO (MHz) C1
Low 2412 16.581 16.577
Mid 2437 16.584 15.565
High 2462 16.575 16.591
Worst 16.584 16.591
9.3.3. 802.11n HT20 MODE IN THE 2.4 GHz BAND
Channel|Frequency|99% Bandwidth[99% Bandwidth
(MHz) (MHz) CO (MHz) C1
Low 2412 17.693 17.686
Mid 2437 17.669 17.731
High 2462 17.717 17.694
Worst 17.717 17.731
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

9.3.4. 99% BANDWIDTH PLOTS
11b 2412 Chain 0 11b 2437 Chain 0
i Agilent 10:11:67 Sep 16, 2615 L Freq/Channel % Agilent 10:65:13 Sep 16, 2815 L Freg/Channel
| | J
- Center Freq - Center Freq
Ch Freq 2.412 GHz Trig Free 241200098 GHz Ch Freq 2.437 GHz Trig Free > 43700000 GHz
Occupied Bandwidth Averages: 100 I Occupied Bandwidth Auverages: 100 I
Start Freq| | Start Freq|
APv3.3(880515),TC, Conducted A 239200000 Ghz APv3.3(080515),TC, Conducted A 241700009 Gz
Ref 30 dBm Atten 39 dB Ref 38 dBm Atten 3@ dB
#Samp T T T StopFreq #Samp T T Stop Freq
Lag } i I 2.43200000 GHz Log I l } 2.45705800 GHz]
18 1 18 t
dB/ Y e % I CF Step| dB/ b MLt A 1 s T4 CF Step
Offst i 4. MHz, Offst 4. MHz,
10.9 VR Auto Man| 10.9 [futa  Man|
e } P N dB [t IR Pt e e
I ‘ ‘ ‘ ‘ i i CE Freq Offset i i i I i ‘ il FreqOffset
Center 2.012 06 GHz Span 46 Mz || & He| | |center 2.437 06 BHz Snan 40 Mz || & He
#Res BH 200 kHz #UBH 560 kHz  Sweep 3.067 ms (1001 pts) #Res BH 200 kHz #UBH 620 kHz  Sweep 3.067 ms (1001 pts)

- - = = Signal Track| - - - - Signal Track|
Occupied Bandwidth Occ BH % Par  99.08 % |[lon 0ff] Occupied Bandwidth Occ BH % Pwr  99.00 7 (foy 0off]
10.3206 MH=z ® dB  -26.00 dB 10.2473 MHz ® dB -26.00 dB

Transmit Freq Error  -18.837 kHz Transmit Freq Error  -35.396 kHz
% dB Bandwidth 13.253 MHz* ® dB Bandwidth 13.165 MHz*
|
11b 2462 Chain 0
¢ Agilent 18:15:67 Sep 16, 20915 L Freq/Channel
| ]
Th Frea 2460 oFz Trig Fros || , Conter Freq

Occupied Bandwidth

Averages: 106 I

2.46200800 GHz

APy3.3(880315),TC, Conducted A

| StartFreq
244260808 GHz

Ref 3@ dBm Atten 30 dB
#Samp Stop Freq
Log 2.48200000 GHz
19 A
dB/ <© CF Step|
Offst Ik 4. MHz
18.9 T ffuto  Man
dB [t RS i A T o
il | } [ Freq Offset
Center 2.462 00 GHz Span 46 Wz || - Hz
#Res BH 180 kHz #JBH 518 kHz Sweep 3.8 ms (1001 prs)

5 5 - - Signal Track
Occupied Bandwidth Occ BH % Pur  99.00 % ||[og 0ff]
10.2554 MH=z ®x B -26.08 dB
Transmit Freq Error -21.122 kHz
% dB Bandwidth 13.189 MHz*
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REPORT NO: 15U21746-E3V2

DATE: DECEMBER 8, 2015

MODEL.: 1688
11g 2412 Chain 0 11g 2437 Chain 0
i Agilent 19:41:38 Sen 16, 2815 L Freq/Channel # Agilent 10:35:00 Sep 16, 2615 L Freg/Channel
| | J
- Center Freq - Center Freq
Ch Freq 2.412 GHz Trig Free 241200098 GHz Ch Freq 2.437 GHz Trig Free > 43700000 GHz
Occupied Bandwidth Averages: 100 I Occupied Bandwidth Auverages: 100 I
Start Freq| | Start Freq|
2.39200000 GH 2.41700008 GH
APv3.3(880515),TC, Conducted A i APv3.3(080515),TC, Conducted A :
Ref 30 dBm Atten 39 dB Ref 38 dBm Atten 3@ dB
¥Samp T T T T StopFreq #Samp T T T T T Stop Freq
Log | | | | 2.43200000 GHz Log | | | | | 245708000 GHz
10 B BT T — 16 P SRRENP NPRUU RO BT
dB/ 5B CF Step| dB/ T CF Step
Offst 4. MHz, Offst F 4. MHz,
108 Lo ALH il Auto Man 109 [Pl R )y fBute Man
4B i | [T T TR || B | | | | W
I } } I 4~ Freq Offset I I I } i Freq Offset,
Center 2.412 06 GHz Span 46 Mz || & He| | |center 2.437 06 BHz Span 40 Mz || & He
#Res BH 330 kHz #UBH 1 MHz Sweep 1.133 ms (1001 pts) #Res BH 330 kHz #JBH 1 MHz Sweep 1.133 ms (1061 prs)

- - = = Signal Track| - - - - Signal Track|
Occupied Bandwidth Occ BH % Par  99.08 % |[lon 0ff] Occupied Bandwidth Occ BH % Pwr  99.00 7 (foy 0off]
16.5813 MH=z ® dB  -26.00 dB 16.5844 MH=z ® dB -26.00 dB

Transmit Freq Error  -22.286 kHz Transmit Freq Error  -20.186 kHz
% dB Bandwidth 20.745 MHz* ® dB Bandwidth 208.898 MHzx
|
11g 2462 Chain 0
Agilent 10:53:11 Sep 16, 2015 L Freq/Channel
| ]
Th Frea 2460 oFz Trig Fros || , Conter Freq

Occupied Bandwidth

Averages: 106 I

2.46200800 GHz

APy3.3(880315),TC, Conducted A

StartFreq
244260808 GHz

Ref 3@ dBm Atten 30 dB
#Samp T T T Stop Freq
Log | | | 248200900 GHz
10 B L P
dB/ CF Step|
Offst iy A MHz
10.9 [0 dan Il Fluto Man|
4B { | s Ll I
} | | } Il Freqoffset
Center 2.462 00 GHz Span 46 Wz || - Hz
#Res BH 330 kHz #UBH 1 MHz Sweep 1.133 ms (1081 pts)

5 5 - - Signal Track
Occupied Bandwidth Occ BH % Pur 9.0 £ ([fog 0ff
16.5754 MH=z ®x B -26.08 dB
Transmit Freq Error —28.989 kHz
% dB Bandwidth 20.747 MHz*
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

11g 2412 Chain 1

11g 2437 Chain 1

i Agilent 12:16:62 Sep 16, 2015

Freq/Channel

¢ Agilent 12:10:13 Sep 16, 2015

Freq/Channel

Ch Freq
Occupied Bandwidth

2.412 GHz Trig Free

Averages: 100 I

Center Freq

2.41200900 GHz 2437 GHz

Ch Freq
Occupied Bandwidth

]
- Center Freq
Trig Free || o 43700080 GHz

Auverages: 100 I

Start Freq|

APv3.3(880515),TC, Conducted A

2.39200000 GHz

| Start Freq|

APY3.3(886515),TC, Conducted A

2.41700800 GHz|

Ref 30 dBm Atten 39 dB Ref 38 dBm Atten 3@ dB
#Samp T T T T StopFreq #Samp T T T T Stop Freq
Lag \ \ I I 2.43200000 GHz Log I \ \ \ 2.45705800 GHz]
10 BV IV v 16 TN SR PSR P
dB/ & CF Step| dB/ CF Step
Offst 4. MHz, Offst 4. MHz,
108 | el Auto Man 103 b iilidiAn Lorl,f[Auto Man
dB ! il B |_ ] | I I —
L } } l 1 Freq Offset I I I } } I Freq Offset,
Center 2.412 06 GHz Span 46 Mz || & He| | |center 2.437 06 BHz Span 40 Mz || & He
#Res BH 330 kHz #UBH 1 MHz Sweep 1.133 ms (1001 pts) #Res BH 330 kHz #JBH 1 MHz Sweep 1.133 ms (1061 prs)

- - = = Signal Track| - - - - Signal Track|
Occupied Bandwidth Occ BH % Par  99.08 % |[lon 0ff] Occupied Bandwidth Occ BH % Pwr  99.00 7 (foy 0off]
16.5773 MH=z ® dB  -26.00 dB 16.5645 MHz ® dB -26.00 dB

Transmit Freq Error  -18.274 kHz Transmit Freq Error  -15.454 kHz
% dB Bandwidth 20.532 MHz* ® dB Bandwidth 28.595 MHzx
|
11g 2462 Chain 1
Agilent 12:21:42 Sep 16, 2015 L Freq/Channel
| ]
- Center Freq
Ch Freq 2.462 GHz Trig Free ° 46200000 GHz
Occupied Bandwidth WI_‘
| StartFreq
2.44200690 GH;
APw3.3(889515),TC, Conducted A :
Ref 3@ dBm Atten 30 dB
#Samp T T T T Stop Freq
Log | | | | 248200900 GHz
10 VR UYL AN SO Y
dB/ CF Step|
Offst i A MHz
18.9 [ anhiFed 1k Futo Man|
& ALiiki ! A —————
} | } | Il Freqoffset
Center 2.462 B9 GHz Span 48 iz || Hz
#Res BH 330 kHz #UBH 1 MHz Sweep 1.133 ms (1081 pts)

5 5 - - Signal Track
Occupied Bandwidth Occ BH % Pur  99.00 % ||[og 0ff]
16.5906 MH=z ®x B -26.08 dB

Transmit Freq Error 5.892 kHz
% dB Bandwidth 20.686 MHz*
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REPORT NO: 15U21746-E3V2

MODEL: 1688

DATE: DECEMBER 8, 2015

11n HT20 2412 Chain 0

11n HT20 2437 Chain 0

i Agilent 11:41:59 Sen 16, 2815 L Freq/Channel ¢ Agilent 11:31:44 Sep 16, 26015 L Freg/Channel
| | J
Th Freq 2412 61z Trig Fres || , (oTter Fred Ch freq 2437 GHe T Froe || o 3ommanan o

Occupied Bandwidth

Averages: 100 I

Occupied Bandwidth

Auverages: 100 I

Start Freq|

APv3.3(880515),TC, Conducted A

2.39200000 GHz

| Start Freq|

APY3.3(886515),TC, Conducted A

2.41700800 GHz|

Occupied Bandwidth

Ref 30 dBm Atten 39 dB Ref 38 dBm Atten 3@ dB
#Samp I I T Stop Freq #Samp T T T T T Stop Freq
Log — i 2.43200060 GHz Log I I O N 245700800 Gz
10 S — L 16 (WP ARV S Y
dB/ it s S AR B CF Step| dB/ T B R CF Step
OFfst B [ 4. MHz Offst 41 MHz
109 Lared o Auto Man 109 s s i iy [Auto Man
IR Ll el ] ap” IS I {——
i } I i Freq Offset i I I } } Freq Offset

Center 2.012 06 GHz Span 46 Mz || & He| | |center 2.437 06 BHz Span 40 Mz || & He
#Res B 360 kHz #UBH 1.1 MHz Sweep 1 ms (1001 pts) #Res BH 360 kHz #UBH 1.1 MHz Sweep 1 ms (1001 prs)

- - = = Signal Track| - - - - Signal Track|
Occupied Bandwidth Occ BH % Par  99.08 % |[lon 0ff] Occupied Bandwidth Occ BH % Pwr  99.00 7 (foy 0off]

17.6931 MH=z ® dB  -26.00 dB 17.6687 MH=z ® dB -26.00 dB
Transmit Freq Error  -55.747 kHz Transmit Freq Error  -41.508 kHz
% dB Bandwidth 20.870 MHz* ® dB Bandwidth 28.959 MHzx
|
11n HT20 2462 Chain 0
Agilent 11:55:50 Sep 16, 2015 L Freq/Channel
| ]
Th Frea 2460 oFz Trig Fros || , Conter Freq

Averages: 106 I

2.46200800 GHz

| StartFreq

APy3.3(880315),TC, Conducted A

2.44260808 GHz

Ref 3@ dBm Atten 30 dB
#Samp T T T T Stop Freq
Log I } I } 2.48200000 GHz
18 i i i
dB/ A e CF Step|
Offst k: < 4. MHz
189 Lopagby Futo Man|
dB ! ATh | 10l

i } | } S Freqoffset
Center 2.462 B9 GHz Span 48 iz || Hz
#Res BH 360 kHz #UBH 1.1 MHz Sweep 1 ms (1001 prs)

5 5 - - Signal Track
Occupied Bandwidth Occ BH % Pur  99.00 % ||[og 0ff]
17.7166 MH=z ®x B -26.08 dB

Transmit Freq Error 8.717 kHz
% dB Bandwidth 20.976 MHz*
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REPORT NO: 15U21746-E3V2

MODEL: 1688

DATE: DECEMBER 8, 2015

11n HT20 2412 Chain 1

11n HT20 2437 Chain 1

i Agilent 11:46:14 Sep 16, 2615

Freq/Channel

¢ Agilent 11:36:29 Sep 16, 2015

L Freq/Channel

Ch Freq 2412 GHz

Occupied Bandwidth

Trig Free

Averages: 100 I

Center Freq

2.41200900 GHz 2437 GHz

Ch Freq
Occupied Bandwidth

]
- Center Freq
Trig Free || o 43700080 GHz

Auverages: 100 I

Start Freq|
2.39200000 GHz

| Start Freq|
2.41700000 GHz,

APv3.3(880515),TC, Conducted A

APY3.3(886515),TC, Conducted A

Ref 30 dBm Atten 39 dB Ref 38 dBm Atten 3@ dB
#Samp T T T T StopFreq #Samp T T T T Stop Freq
Lag \ \ I I 2.43200000 GHz Log I \ \ \ 2.45705800 GHz]
10 N — I 16 il
dB/ R e R SR G CF Step| dB/ CF Step
Offst > e 4. MHz Offst 4, MHz
109 [onle o b f[Auto Man 109 |[wadd BT P <| Futo Man
dB t_. Il I | | 4B ! | T T |
I { } I I Freq Offset I I I } } I Freq Offset,
Center 2.012 06 GHz Span 46 Mz || & He| | |center 2.437 06 BHz Span 40 Mz || & He
#Res B 360 kHz #UBH 1.1 MHz Sweep 1 ms (1001 pts) #Res BH 360 kHz #UBH 1.1 MHz Sweep 1 ms (1001 prs)

- - = = Signal Track| - - - - Signal Track|
Occupied Bandwidth Occ BH % Par  99.08 % |[lon 0ff] Occupied Bandwidth Occ BH % Pwr  99.00 7 (foy 0off]
17.6864 MH=z ® dB  -26.00 dB 17.7311 MH=z ® dB -26.00 dB

Transmit Freq Error  -28.987 kHz Transmit Freq Error  -4.870 kHz
% dB Bandwidth 20.803 MHz* ® dB Bandwidth 28.775 MHzx
|
11n HT20 2462 Chain 1
Agilent 12:00:41 Sep 16, 2015 L Freq/Channel
| ]
- Center Freq
Ch Freq 2.462 GHz Trig Free ° 46200000 GHz
Occupied Bandwidth WI_‘
| StartFreq
2.44200690 GH;
APw3.3(889515),TC, Conducted A :
Ref 3@ dBm Atten 30 dB
#Samp T T T T T Stop Freq
Log I } I I } 248200900 GHz
18
dB/ SRR PR LT i CF Step|
Offst B, = 4. MHz
1.9 | L iV Futo Han
dB 5 iy f
“ | | } | [ Freqoffset
Center 2.462 B9 GHz Span 48 iz || Hz
#Res BH 360 kHz #UBH 1.1 MHz Sweep 1 ms (1001 prs)

5 5 - - Signal Track
Occupied Bandwidth Occ BH % Pur  99.00 % ||[og 0ff]
17.6938 MH=z ®x B -26.08 dB

Transmit Freq Error -14.857 kHz
% dB Bandwidth 20.774 MHz*
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

9.4.

LIMITS

OUTPUT POWER

FCC §15.247

ICRSS-2475.4.4

For systems using digital modulation in the 902—928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz
bands: 1 Watt, based on the use of antennas with directional gains that do not exceed 6 dBi. If
transmitting antennas of directional gain greater than 6 dBi are used, the conducted output power from

the intentional radiator shall be reduced by the amount in dB that the directional gain of the antenna

exceeds 6 dBi.

DIRECTIONAL ANTENNA GAIN

SISO

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

MIMO

The TX chains are uncorrelated and the antenna gain is unequal among the chains. The
directional gain is:

Chain 0 | Chain 1 | Uncorrelated Chains
Antenna | Antenna Directional
Gain Gain Gain
(dBi) (dBi) (dBi)
5.30 6.60 6.00

The TX chains are correlated and the antenna gain is unequal among the chains. The
directional gain is:

Chain 0 | Chain 1 Correlated Chains
Antenna | Antenna Directional
Gain Gain Gain
(dBi) (dBi) (dBi)
5.30 6.60 8.98
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REPORT NO: 15U21746-E3V2

DATE: DECEMBER 8, 2015

MODEL.: 1688
RESULTS
9.4.1. 802.11b MODE IN THE 2.4 GHz BAND
Limits
Channel [Frequency | Directional FCC IC IC Max
Gain Power | Power EIRP |Power
Limit Limit Limit
(MHz) (dBi) (dBm) | (dBm) | (dBm) | (dBm)
Low 2412 6.60 29.40 30 36 29.40
Mid 2437 6.60 29.40 30 36 29.40
High 2462 6.60 29.40 30 36 29.40
Results
Channel [Frequency | Chain 1 Total Power | Margin
Meas Corr'd Limit
Power Power
(MHz) (dBm) (dBm) | (dBm) (dB)
Low 2412 17.00 17.00 29.40 -12.40
Mid 2437 17.00 17.00 29.40 -12.40
High 2462 17.00 17.00 29.40 -12.40

Note: the power readings above were measured with gated method, and the measurement was taken

only during the ON time. No duty cycle correction was necessary.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

9.4.2. 802.11g MODE IN THE 2.4 GHz BAND

Limits
Channel [Frequency | Directional FCC IC Max
Gain Power EIRP |Power
Limit Limit
(MHz) (dBi) (dBm) [ (dBm) ([ (dBm)
Low 2412 6.00 30.00 36 30.00
Mid 2437 6.00 30.00 36 30.00
High 2462 6.00 30.00 36 30.00
Results
Channel |Frequency Chain O Chain 1| Total [Power|[Margin
Meas Meas | Corr'd | Limit
Power Power | Power
(MHz) (dBm) (dBm) [ (dBm) | (@Bm)| (dB)
Low 2412 14.40 16.00 18.28 | 30.00 | -11.72
Mid 2437 14.50 16.00 18.32 | 30.00 | -11.68
High 2462 13.50 15.00 17.32 | 30.00 | -12.68

Note: the power readings above were measured with gated method, and the measurement was taken
only during the ON time. No duty cycle correction was necessary.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

9.4.3. 802.11n HT20 MODE IN THE 2.4 GHz BAND

Limits
Channel [Frequency | Directional FCC IC Max
Gain Power EIRP |Power
Limit Limit
(MHz) (dBi) (dBm) | (dBm) | (dBm)
Low 2412 6.00 30.00 36 30.00
Mid 2437 6.00 30.00 36 30.00
High 2462 6.00 30.00 36 30.00
Results
Channel [Frequency Chain O Chain 1| Total |Power|Margin
Meas Meas Corr'd | Limit
Power Power | Power
(MHz) (dBm) (dBm) [ (dBm) | (@Bm)| (dB)
Low 2412 11.80 13.00 15.45 | 30.00 | -14.55
Mid 2437 14.60 16.00 18.37 | 30.00 | -11.63
High 2462 11.70 13.00 15.41 | 30.00 | -14.59

Note: the power readings above were measured with gated method, and the measurement was taken
only during the ON time. No duty cycle correction was necessary.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

9.5. PSD

LIMITS

FCC §15.247
IC RSS-247 5.2.2

The power spectral density conducted from the transmitter to the antenna shall not be greater than 8
dBm in any 3 kHz band during any time interval of continuous transmission.

RESULTS
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

9.5.1. 802.11b MODE IN THE 2.4 GHz BAND

PSD Results
Channel | Frequency [ Chain 1 | Limit |Margin
Meas
(MHz) (dBm) | (dBm)| (dB)
Low 2412 -4.61 8.0 -12.6
Mid 2437 -4.39 8.0 -12.4
High 2462 -4.52 8.0 -12.5

9.5.2. 802.11g MODE IN THE 2.4 GHz BAND

| Duty Cycle CF (dB)l 0.00 |Inc|uded in Calculations of Corr'd PSD

PSD Results
Channel [ Frequency | Chain 0 | Chain 1 | Total | Limit Margin
Meas Meas [Corr'd
PSD
(MHz) (dBm) | (dBm) |(dBm)| (dBm) (dB)
Low 2412 -9.32 -7.93 -5.56 8.0 -13.6
Mid 2437 -9.02 -8.03 -5.49 8.0 -13.5
High 2462 -9.13 -7.87 -5.45 8.0 -13.4

9.5.3. 802.11n HT20 MODE IN THE 2.4 GHz BAND

| Duty Cycle CF (dB)l 0.11 |Inc|uded in Calculations of Corr'd PSD

PSD Results
Channel [ Frequency | Chain 0 | Chain 1 | Total | Limit Margin
Meas Meas ([Corr'd
PSD
(MHz) (dBm) | (dBm) [(dBm)]|(dBm) (dB)
Low 2412 -12.93 -11.35 | -8.95 8.0 -16.9
Mid 2437 -10.29 -8.08 -5.93 8.0 -13.9
High 2462 -13.05 -11.65 | -9.17 8.0 -17.2
Page 37 of 136
UL VERIFICATION SERVICES INC.

FORM NO: CCSUP4701H

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.

47173 BENICIA STREET, FREMONT, CA 94538, USA
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MODEL.: 1688
11b 2412 Chain 0 11b 2437 Chain 0
% Agilent 10:11:37 Sep 16, 2015 L [Freg/Channel Agilent 10:85:57 Sen 16, 2615 L |Freg/Channel
APY3.30880515),TC, Conducted A Mkrl 2,412 768 GHz Center Freq AP3.3(888515),TC, Conducted A Mkrl 2.436 266 GHz Center Freq
53593@ dBm Atten 38 dB -4.611 dBm 5 41200008 CHa 55393@ dBm Atten 39 dB -4.390 dBm 5 43706900 Gliz
Log Log
16 Start Freq 18 Start Freq
dB/ 2.40400000 GHz dB/ 2.42900000 GHz
i s
Iy StopFreq i3 Py Stop Freq
ol R 2.42000080 GHz ol 2.44500990 GHz|
8.0 8.0
dBn CF Step) dEm CF Step
1. MHz 1.6 MHz
e ) | e
vl sz Freq Offset, vl s2 | Freq Offset
83 FS @, Hz| $3 F 6. Hz
AR AR L
£ £
) Signal Track| ) Signal Track|
FTun o 0if FTun o it
Swp n = Swp | n =]
|
Center 2.412 800 GHz Span 16 MHz Center 2.437 886 GHz Span 16 MHz
#Res BW 38 kHz #UBH 91 kHz  Sweep 53.75 ms (1032 pts) #Res BH 30 kHz #UBH 91 kHz  Sweep 53.73 ms (1025 pts)
|

11b 2462 Chain 0

Agilent 10:15:35 Sep 16, 2015 L Freq/Channel
APw3.3(889515),TC, Conducted A Mkrl 2.462 635 GHz| Center Freq
Ref 3@ dBm Atten 30 dB -4.519 dBm
shig 2.46280000 GHz
Log
16 Start Freq
dB/ 2.45460808 GHz
Offst
ig_g 1 Stop Freq
D 2 2.47600890 GHz]
5.8
dEm CF Step|

1.6 MHz
MGLE |Futo Man
166 |
v 82 Freq Offset,
s3F a. Hz]

AR I—
£f:

F%jn | signal Track

Swp 1 n Off
|

Center 2.462 900 GHz Span 16 MHz

#Res BH 38 kHz #UBH 91 kHz  Sweep 53.71 ms (1826 pts)
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REPORT NO: 15U21746-E3V2

MODEL: 1688

DATE: DECEMBER 8, 2015

11g 2412 Chain 0

11g 2437 Chain 0

i Agilent 10:42:19 Sep 16, 2615 L Freq/Channel 3% Agilent 18:35:37 Sep 16, 2615 L Freg/Channel
APv3.3(886515),TC, Conducted A Mkrl 2.487 919 GHz| Center Freq APw3.3(888515),TC, Conducted A Mkrl 2.435 725 GHz] Center Freq
5’3593@ dBm Atten 38 dB -9.318 dBm 5 41200008 CHa 55393@ dBm Atten 36 dB -9.015 dBm 5 43706900 Gliz
Log Log
16 Start Freq 18 Start Freq
dB/ 2.39950000 GHz dB/ 2.42450000 GHz
i s
Iy StopFreq i3 Stop Freq

i
ol L 2.42450008 GHz ol 5 2449500900 GHz|
8.0 8.0
dBn CF Step) dEm CF Step
2.5 MHz 2.5 MHz

#PAvg [Futo Man #PAvg Auta Man
189 180 B
vl sz Freq Offset, vl s2 Freq Offset
83 FS @, Hz| 53 FSlL . 6. Hz

AR AR 1
£ £

) Signal Track| ) Signal Track|
FTun o 0if FTun o it
Swp n = Swp | n =]

|
Center 2.412 800 GHz Span 25 MHz Center 2.437 886 GHz Span 25 MHz
#Res BW 38 kHz #UBH 91 kHz  Sweep 83.95 ms (1658 pts) #Res BH 30 kHz #UBH 91 kHz  Sweep §3.95 ms (1658 pts)
|

11g 2462 Chain 0

Agilent 10:54:08 Sep 16, 2015 L Freq/Channel
APw3.3(889515),TC, Conducted A Mkrl 2.458 868 GHz Center Freq
Ref 3@ dBm Atten 30 dB -9.130 dBm
+Ava 246200808 GHz
Log
16 StartFreq
4B/ 2.44350808 GHz
Offst
ﬁ%g Stop Freq
o b3 2.47450808 GHz
i CF Step

2.5 MHz
#PAva M Man
198 -
¥l 52 Freq Offset
53 FS —[| 2.200068000 Hz

AR
£f:

F%jn | signal Track
Swp 1 on i
Center 2,462 800 GHz Span 25 MHz
#Res BH 38 kHz #BH 91 kHz Sweep 83.9 ms (1657 pts)
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

11g 2412 Chain 1 11g 2437 Chain 1
i Agilent 12:16:32 Sep 16, 2015 L Freq/Channel i Agilent 12:10:43 Sep 16, 2015 L Freq/Channel
APY3.3(880515),TC, Conducted A Mkrl 2416 725 GHz Center Freq APw3.3(888515),TC, Conducted A Mkrl 2.433 860 GHz Center Freq
5’3593@ dBm Atten 38 dB -7.931 dBm 5 41200008 CHa 55393@ dBm Atten 39 dB -§.834 dBm 5 43706900 Gliz
Log Log
16 Start Freq 18 Start Freq
dB/ 2.39950000 GHz dB/ 2.42450000 GHz
o s
Iy StopFreq i3 Stop Freq
ol & 2.42450080 GHz ol & 2.44350800 GHz|
dBn CF Step) dEm CF Step
2.5 MHz 2.5 MHz
#PAvg [Futo Man #PAvg Auta Man
189 180 I
vl sz Freq Offset, vl s2 Freq Offset
83 FS @, Hz| $3 F 6. Hz
AR AR L
£ £ |
) Signal Track| ) Signal Track|
FTun o 0if FTun o it
Swp n = Swp | n =]
|
Center 2.412 800 GHz Span 25 MHz Center 2.437 886 GHz Span 25 MHz
#Res BW 38 kHz #UBH 91 kHz  Sweep 83.95 ms (1658 pts) #Res BH 30 kHz #UBH 91 kHz Sweep §3.9 ms (1657 pts)
|
11g 2462 Chain 1
Agilent 12:22:13 Sep 16, 2015 L Freq/Channel
APw3.3(889515),TC, Conducted A Mkrl 2.458 864 GHz Center Freq
5;393@ dBm Atten 30 dB —7.872 dBm 5 4600300 Gl
Log
16 StartFreq
4B/ 2.44350808 GHz
Offst
ﬁ%g Stop Freq
o 5 247450800 GHz
5.8 ALUEREL R
AR CF Step|
2.5 MHz
#PAva [Futo Man
198 o —
v 82 | Freq Offset,
s3F a. Hz]
AR |—
£ {
F%jn | Signal Track
Swp 1 on i
|
Center 2,462 800 GHz Span 25 MHz
#Res BH 38 kHz #BH 91 kHz  Sweep 83.89 ms (1659 pts)
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

11n HT20 2412 Chain 0 11n HT20 2437 Chain 0
i Agilent 11:42:32 Sep 16, 2015 L Freq/Channel i Agilent 11:32:17 Sep 16, 2015 L Freq/Channel
APv3.3(886515),TC, Conducted A Mkrl 2,418 261 GHz Center Freq APw3.3(888515),TC, Conducted A Mkrl 2.441 984 GHz Center Freq
5’3593@ dBm Atten 38 dB -12.933 dBm 5 41200008 CHa 55393@ dBm Atten 39 dB -18.286 dBm 5 43706900 Gliz
Log Log
16 Start Freq 18 Start Freq
dB/ 2.39850000 GHz dB/ 2.42350000 GHz
i s
Iy StopFreq i3 Stop Freq
2.42550080 GHz 1 245050800 GHz|
ul} 1 ul} o
8.0 8.0
dBn CF Step) dEm CF Step
2. MHz 2. MHz
#PAvg [Futo Man #PAvg Auta Man
189 180 r
vl sz Freq Offset, vl s2 | Freq Offset
3PS @, Hz| $3 F 6. Hz
AR AR L
£ £
) Signal Track| ) Signal Track|
FTun o 0if FTun o it
Swp n = Swp | n =]
|
Center 2.412 800 GHz Span 27 MHz Center 2.437 886 GHz Span 27 MHz
#Res BW 38 kHz #UBH 91 kHz  Sweep 90.64 ms (1763 prs) #Res BH 30 kHz #UBH 91 kHz  Sweep 98.65 ms (1767 pts)
|
11n HT20 2462 Chain 0
Agilent 11:56:23 Sep 16, 2015 L Freq/Channel
APv3.3(880515),TC, Conducted A Mkrl 2.460 712 GHz Center Freq
E;igm dBm Atten 30 dB -13.858 dBm 5 4600300 Gl
Log
16 StartFreq
4B/ 2.44850808 GHz
Offst
ﬁ%g Stop Freq
2.47550808 GHz
ul} <1)
5.8
AR CF Step|
2. MHz
#PAva [Futo Man
198 -
v 82 | Freq Offset,
B a. Hz
AR I—
£
F%jn signal Track
(On Off
Swp ! —
Center 2,462 800 GHz Span 27 MHz
#Res BH 38 kHz #BH 91 kHz  Sweep 90.68 ms (1772 pts)
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REPORT NO: 15U21746-E3V2

MODEL: 1688

DATE: DECEMBER 8, 2015

11n HT20 2412 Chain 1

11n HT20 2437 Chain 1

i Agilent 11:46:46 Sep 16, 2015 L Freq/Channel 3% Agilent 11:37:15 Sep 16, 2815 L Freg/Channel
APv3.3(886515),TC, Conducted A Mkrl 2.416 979 GHz| Center Freq APw3.3(888515),TC, Conducted A Mkrl 2.431 872 GHz Center Freq
5’3593@ dBm Atten 38 dB -11.346 dBm 5 41200008 CHa 55393@ dBm Atten 39 dB -8.883 dBm 5 43706900 Gliz
Log Log
16 Start Freq 18 Start Freq
dB/ 2.39850000 GHz dB/ 2.42350000 GHz
o s
Iy StopFreq i3 Stop Freq
ol N 2.42550080 GHz ol 5 245050800 GHz|
8.0 80 [ [ IR
dBn CF Step) dEm CF Step

2. MHz 2. MHz
#PAvg [Futo Man #PAvg Auta Man
189 180
vl sz Freq Offset, vl s2 Freq Offset
83 FS @, Hz| $3 F 6. Hz
AR AA
£ by £
;%u)n Sighal Track F%u)n Signal Track
On off On Off]
Swp = Swp | puan
|
Center 2.412 800 GHz Span 27 MHz Center 2.437 886 GHz Span 27 MHz
#Res BW 38 kHz #UBH 91 kHz  Sweep 90.64 ms (1763 prs) #Res BH 30 kHz #UBH 91 kHz  Sweep 98.61 ms (1773 pts)
|
11n HT20 2462 Chain 1
Agilent 12:61:24 Sep 16, 2015 L Freq/Channel
APv3.3(880515),TC, Conducted A Mkrl 2.456 976 GHz Center Freq
5;393@ dBm Atten 30 dB -11.652 dBm 5 4600300 Gl
Log
16 StartFreq
4B/ 2.44850808 GHz
Offst
ﬁ%g Stop Freq
2.47550808 GHz
ul} 1
i CF Step
2. MHz
™ i
v 82 | Freq Offset,
B a. Hz
AR I—
[ Hy S—_—
F%jn signal Track
Swp 1 on i
Center 2,462 800 GHz Span 27 MHz
#Res BH 38 kHz #BH 91 kHz  Sweep 90.64 ms (1769 pts)
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

9.6. OUT-OF-BAND EMISSIONS

LIMITS

FCC §15.247 (d)
IC RSS-247 5.5

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

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer with RBW = 100 kHz, VBW = 300 kHz, peak
detector, and max hold. Measurements utilizing these settings are made of the in-band reference level,
bandedge (where measurements to the general radiated limits will not be made) and out-of-band

emissions.
RESULTS
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

9.6.1. 802.11b MODE IN THE 2.4 GHz BAND (CHAIN 1)

IN-BAND REFERENCE LEVEL

REFERENCE LEVEL MID CH

4 Agilent 19:08:10 Sep 16, 2015 L Freq/Channel
APv3.3(080515),TC, Conducted A Mkrl 2.435 98 GHz Center Freq
Ref 30 dBm Atten 30 dB 9.41 dBm

Pork 243700000 GHz
Log

10 StartFreq
dB/ % 2.43100000 GHz
Offst . mfb’; K ™

}jg_g P % Stop Freq
5 | 1 2.44300000 GHz
g I i CF Step

f‘ 3 1.20000000 MHz
#PAvg 11"; ;1 futo Man
| |
T i
M1 S2 ul \ Freq Offset
3 FC L Ay et @.@@@@%@@@ Hz
HH A H‘) I"': R'.‘ ' y:\ 4‘. ‘.‘"F}% }‘ “{‘\, Il‘\ ’

ey Lol | MR LA Y

FTun | M , Signal Track
Swp i -
Center 2.437 00 GHz Span 60 MHz

#Res BW 106 kHz #\/BH 300 kHz Sweep 5.8 ms (1001 pts)

[Copyright 2000-2010 Agilent Technologies
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

LOW CHANNEL BANDEDGE

AUTHORIZED BAND EDGE LOW CH

s Aglent 10:19:26 Sep 16, 2015 L [Freq/Channel]
HPw3.3(B88515),TC, Conducted A Mkre 2.408 B8 GHz Center Freq
EZ;kBEJ dBm Atten 360 B -41.29 dBm 5 16000000 GHa
Log
18 Start Freq
dB/ 2.3700ARRR GHz
Offst
ég'g Stop Freq
1 2. A300RAAG GHz
] 2 2
a CF Step
B.ARARAARG MHz
#FHwy Auto Man
Center 2.488 B8 GHz Span 68 MHz
#Res BH 100 kHz +UBH 300 kHz  Sweep 5.8 ms (1801 pto) | gg[f@%g@fg Eﬁi
Marker Trace Type ® Axis Amplituda )
1 1 Freq 2.3498 44 GHz -34.28 dBm
2 1 Freq 2,480 A8 GH=z -41.29 dBm Signal Track
On 0ff
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

HIGH CHANNEL BANDEDGE

AUTHORIZED BAND EDGE HIGH CH

- Agilent 10:16:51 Sep 16, 2015 L [Freg/Channel|
HPw3.3(B88515),TC, Conducted A Mkre 2.488 48 GHz Center Freq
Ezgkﬂa dBm Atten 360 B -47.26 dBm 5 13350000 GHa
Log
18 Start Freq
dB/ 2 AG35ARRR GHz
Offst
ég'g Stop Freq
0l 251350000 GHz
—70.6 . 2
dBm % 0 CF Step
B.ARARAARG MHz
#FHwy Auto Man
Center 2.483 50 GHz Span 68 MHz
#Res BH 100 kHz +UBH 300 kHz  Sweep 5.8 ms (1801 pto) | gg[f@%g@fg Eﬁi
Marker Trace Type ® Axis Amplituda )
1 1 Freq 2.483 58 GHz -46.59 dBm
2 (1) Freq 2.488 48 GHz -47.26 dBn Signal Track
On 0ff
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

OUT-OF-BAND EMISSIONS

OUT OF BAND LOW CH

- Agilent 10:13:13 Sep 16, 2015 L [Freg/Channel|
APw3.3(A86515),TC, Conducted A Mkrd 13.866 GHz c .
Ref 20.9 dBm sAtten 20 dB _54.459 dBm enter Freq
¥Peak - 13.0150080 GHz
Log
18 Start Freq
dB/ 300000080 MHz
Offst
ég'g Stop Freq
260060060 GHz
Dl 2 4
-14.5
dBm b0 Y P N - " CF Step
2 59760060 GHz
#FHwy Auto Man
Start 38 MHz Stop 26.808 GHz
#Res BH 100 kHz +BH 300 kHz_ Sweep 2.482 5 (8192 pto) | gg[f@%g@fg Eﬁi
Marker Trace Type ® Axis Amplituda )

1 1 Freq 2.412 GH=z 3.68 dBm

2 1 F 4,824 GH -54.232 dEB H

3 1 F:EE 7.236 EHz -£9.7E dBm O Slgnal Tragfli

4 1 Freq 13.866 GH= -54,4E dBm =
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

OUT OF BAND MID CH

w- Agilent 10:30:41 Sep 17, 2015

R T

Freq/Channel

Mkr2 7.874 GHz

Certer Freq

#Res BW 100 kHz

#VBW 300 kHz

Rel 20.9 dBm #Atien 30 dB -45.22 dBm
#Peak " 13.0150000 GHz
Log Y
10 Stait Freg
dB/ 30.0000000 MHz
Ofist
10.9
dB Stop Freq
N 26.0000000 GHz
19.5
dBm CF &tep
2.59700000 GHz

APAvg Auto Man
Start 30 MHz Stop 26.000 GHz

P Freq Citset

Sweep 2.482 s (8192 pis)

Manker Tiace Type
1 1) Fieg
2 1) Fieg
3 1) Fieg

X Aniz
2.438 GHz
7.874 GHz

25.147 GHz

Amplilude
8.18 dBm

0.00000000 Hz

Signal Track
On Cf
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688
OUT OF BAND HIGH CH
w- Agilent 10:34:41 Sep 17, 2015 R T |Freg/Channel
Mkr3 11.660 GHz

Certer Freq

#Res BW 100 kHz #VBW 300 kHz

Rel 20.9 dBm #Atien 30 dB -46.37 dBm
#Peak 7 13.0150000 GHz
Log Py
10 Stait Freg
dB/ 30.0000000 MHz
Ofist
10.9
dB Stop Freq
N 26.0000000 GHz
19.5
dBm CF &tep
259700000 GHz

#Phvg Auto Man
Center 13.015 GHz Span 25.97 GHz

P Freq Citset

Sweep 2.482 s (8192 pis)

0.00000000 Hz

Manker Tiace Type X Aniz
1 1 Fieq 2.482 GHz
2 1 Fieq 21.5688 GHz
3 1 Fieq 11.880 GHz

Amplilude
5.37 dBm
-42.54 dBm
-48.37 dBm

Signal Track

On cif
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

9.6.3. 802.11g MODE IN THE 2.4 GHz BAND (CHAIN 0)

IN-BAND REFERENCE LEVEL

REFERENCE LEVEL MID CH

- Agilent 18:37:05 Sep 16, 2015 L Freq/Channel
APw3.308588515),TC, Conducted A Mkrl 2.438 26 GHz Center Freq
EZ;kBEJ dBm Atten 38 B 3.89 dBm 5 13700000 Gl
Log

18 Start Freq
dB/ 240700000 GHz
Offst é

18.9

dB .................. | el bt 8 Stop Freq
0l 2. 46700088 GHz
ool CF Step

E.A0ARARAE MHz
#PHvg Auto Man
ML 52 Freq Offset
53 FC § (0.00000000 Hz
AR
£t .
F%u:rl1 Signal Track
On Dff

Swp —
Center 2.437 B8 GHz Span 68 MHz

#Res BW 106 kHz #/BH 300 kHz Sweep 5.8 ms (1001 pts)

I
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

LOW CHANNEL BANDEDGE

AUTHORIZED BAND EDGE LOW CH

s Aglent 10:43:41 Sep 16, 2015 L [Freq/Channel]
HPw3.3(B88515),TC, Conducted A Mkre 2.408 B8 GHz Center Freq
EZ;kBEJ dBm Atten 360 B -33.46 dBm 5 16000000 GHa
Log
18 Start Freq
dB/ = e ——— 2.3700ARRR GHz
Offst
ég'g 1 Stop Freq
0l e 2. A300RAAG GHz
ol CF Step
B.ARARAARG MHz
#FHwy Auto Man
Center 2.488 B8 GHz Span 68 MHz
#Res BH 100 kHz +UBH 300 kHz  Sweep 5.8 ms (1801 pto) | gg[f@%g@fg Eﬁi
Marker Trace Type ® Axis Amplituda )
1 1 Freq 2.3499 52 GH=z -29.48 dBm
2 1 Freq 2,480 A8 GH=z -33.46 dBm Signal Track
On 0ff
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

HIGH CHANNEL BANDEDGE

AUTHORIZED BAND EDGE HIGH CH

s Aglent 10:56:42 Sep 16, 2015 L [Freq/Channel]
HPw3.3(B88515),TC, Conducted A Mkre 2.483 62 GHz Center Freq
EZ;kBEJ dBm Atten 360 B -43.81 dBm 5 13350000 GHa
Log
18 Start Freq
AR/ bhbdebedal Ll L) 2 AGICARAG GHz
Offst
ég'g Stop Freq
0l ‘ 251350000 GHz
2
ﬁl # - - CF Step
B.ARARAARG MHz
#FHwy Auto Man
Center 2.483 50 GHz Span 68 MHz
#Res BH 100 kHz +UBH 300 kHz  Sweep 5.8 ms (1801 pto) | gg[f@%g@fg Eﬁi
Marker Trace Type ® Axis Amplituda )
1 1 Freq 2.483 58 GHz -45.25 dBm
2 (13 Frag 2,483 62 GHz ~43.81 dEm Signal Track
On 0ff
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

OUT-OF-BAND EMISSIONS

OUT OF BAND LOW CH

- Agilent 10:45:03 Sep 16, 2015 L [Freg/Channel|
APwA.3(BEA5153,TC, Conducted A Mkrl 2.408 GHz c F
Ref 20.9 dBm sAtten 20 dB 3.122 dBm enter Freq
wPeak | 13.0150680 GHz
Log é
18 Start Freq
dB/ 30.00006080 MHz
Offst
ég'g Stop Freq
o 26.0000000 GHz
~26.1 3 :
4B 3 I R 5 CF Step
2 59700000 GHz
#FHwy Auto Man
Start 38 MHz Stop 26.808 GHz
#Res BH 100 kHz +BH 300 kHz_ Sweep 2.482 5 (8192 pto) | gg[f@%g@fg Eﬁi
Marker Trace Type ® Axis Amplituda )

1 1 Freq 2.488 GH=z 3.12 dBm

2 1 F 4,824 GH -B1.44 dE H

3 1 FFEE 3.9946 EHz -LE.7E dBm O Slgnal Tragfkf

4 1 Freq 13.6495 GH= -54,45 dBm =

Page 53 of 136
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: 15U21746-E3V2

MODEL: 1688

DATE: DECEMBER 8, 2015

OUT OF BAND MID CH

w- Agilent 10:20:58 Sep 17, 2015 R T |Freg/Channel
Mki3 7.142 GHz
Rel 30.9 dBm #Atien 30 dB 46.91dBm || Certer Freg
4Peak 13.0150000 GHz
Log
10 d Start Freq
dB/ 300000000 MHz
Ofist
10.9
dB Stop Freq
26.0000000 GHz
DI 2
-26.1
dBm CF &tep
259700000 GHz
#PAvg Auto Man
Start 30 MHz Stop 26.000 GHz ’ Freq Cliset
#Res BW 100 kHz #VBW 100 kHz Sweep 3.132 s (8192 pis) 0.00000000 Hz
Manker Tiace Amplilude
1 {1} 3177 dBm
2 ) -40.82 dBm Signal Track
3 {1} -48.81 dBm On Cf
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

OUT OF BAND HIGH CH

% Agilent 10:58:17 Sep 16, 2015 L Freg/Channel
AP 3.308585155,TC, Conducted A Mkrl 2.468 GHz
Ref 20.9 dBm #Atten 20 dB 3221 dBm || | Center Freq
i | 13.0150000 GHz
Log é
1@ Start Freq
dE/ 300000006 MHz
Offst
ég'g Stop Freq
26.00000RG GHz
DI .
o I KA s CF Step
2597000060 GHz
#PHvy Auto Man
Start 30 MHz Stop 26000 GHz
#Res BH 100 kHz WBH 300 Kz Sweep 2482 5 (8192 pto) @.gé-@e@%g@fg Eﬁg
Markear Trace Type H Axiz Amplitude
1 1 Freq 2.468 GH=z 3.22 dBm
2 1 F 4.924 GH -62.11 dB H
3 1 FFEE 7.38E6 EHz -£9.92 dBm Slgnal Track
4 1 Freq 13.841 GH= -54.47 dBm On m
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

9.6.4. 802.11g MODE IN THE 2.4 GHz BAND (CHAIN 1)

IN-BAND REFERENCE LEVEL

REFERENCE LEVEL MID CH

- Agilent 12:13:11 3Sep 16, 2615 L Freq/Channel
HPw3.3(B88515),TC, Conducted A Mkrl 2.429 58 GHz Center Freq
EZ;kBEJ dBm Atten 30 JB 4.94 dBm 5 43700060 GHa
Log

18 Start Freq
dB/ ) 248786080 GHz
Offst h

18.9

4B Stop Freq
0| 2 AG7RARRR GHz
e CF Step

E.ARARARAR MHz
#PHvg Auto Man
ML 52 Freq Offset
33 FC : 0.00000060 Hz
AR
£t .
F%u:rl1 Signal Track
On 0ff

Swp —
Center 2.437 B8 GHz Span 68 MHz

#Res BW 106 kHz #/BH 300 kHz Sweep 5.8 ms (1001 pts)

I
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REPORT NO: 15U21746-E3V2

MODEL: 1688

DATE: DECEMBER 8, 2015

LOW CHANNEL BANDEDGE

AUTHORIZED BAND EDGE LOW CH

- Agilent 12:18:17 Sep 16, 2015 L [Freg/Channel|
HPw3.3(B88515),TC, Conducted A Mkre 2.408 B8 GHz Center Freq
Ezgkﬂﬂ dBm Atten 360 B -31.23 dBm 5 16000000 GHa
Log
18 Start Freq
dB/ 2.3700ARRR GHz
Offst
10.9 1 Stop Freq
dB 2
0l i 2. A300RAAG GHz
v ) CF Step
B.ARARAARG MHz
#FHwy Auto Man
Center 2.488 B8 GHz Span 68 MHz
#Res BH 100 kHz +UBH 300 kHz  Sweep 5.8 ms (1801 pto) | gg[f@%g@fg Eﬁi
Marker Trace Type ® Axis Amplituda )
1 1 Freq 2.3499 52 GH=z -27.83 dBm
2 1 Freq 2,480 A8 GH=z -31.23 dBm Signal Track
On 0ff
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

HIGH CHANNEL BANDEDGE

AUTHORIZED BAND EDGE HIGH CH

s Aglent 12:22:46 Sep 16, 2015 L [Freq/Channel]
HPw3.3(B88515),TC, Conducted A Mkre 2.483 5B GHz Center Freq
EZ;kBEJ dBm Atten 360 B -39.91 dBm 5 13350000 GHa
Log
18 Start Freq
dB/  jhuduleds ol el 2.45350000 GHz
Offst
ég'g Stop Freq
0l ! 251350000 GHz
251 >
4B N R CF Step
B.ARARAARG MHz
#FHwy Auto Man
Center 2.483 50 GHz Span 68 MHz
#Res BH 100 kHz +UBH 300 kHz  Sweep 5.8 ms (1801 pto) | gg[f@%g@fg Eﬁi
Marker Trace Type ® Axis Amplituda )
1 1 Freq 2.483 58 GHz -39.91 dBm
2 (13 Frag 2,483 5 GHz ~39.91 dBn Signal Track
On 0ff
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

OUT-OF-BAND EMISSIONS

OUT OF BAND LOW CH

- Agilent 12:19:34 Sep 16, 2015 L [Freg/Channel|
APw3.3(@8A515),TC, Conducted A Mkr3 $9.815 GHz c F
Ref 20.9 dBm sAtten 20 dB _56.914 dBm enter Freq
wPeak | 13.91560060 GHz
Log (i)
18 Start Freq
dB/ 30.00900600 MHz
Offst
ég'g Stop Freq
o 26.00RABE0 GHz
—25.1 3 z
o 1 I -2 A | N CF Step
2 59700060 GHz
#FHwy Auto Man
Start 38 MHz Stop 26.808 GHz
#Res BH 100 kHz +BH 300 kHz_ Sweep 2.482 5 (8192 pto) | gg[f@%g@fg Eﬁi
Marker Trace Type ® Axis Amplituda )

1 1 Freq 2.488 GH=z 2.27 dBm

2 1 F 4,834 GH -E1.8E dE H

3 1 FFEE 9.415 EHE -EE.91 dBm O Slgnal Tragfkf

4 1 Freq 13.844 GH= -£3.94 dBm =
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REPORT NO: 15U21746-E3V2

MODEL: 1688

DATE: DECEMBER 8, 2015

OUT OF BAND MID CH

% Agilent 12:14:45 Sep 16, 2015 L Freg/Channel
APw3.3(B86515),TC, Conducted A Mkr3 8.825 GHz c F
Ref 20.9 dBm #Atten 20 dB ~56.816 dBm enter Freq
i | 13.0150000 GHz
Log A
1@ Start Freq
dE/ 300000006 MHz
Offst
ég'g Stop Freq
0| 26.00000RG GHz
4
ééfnl z IR LR CF Step
£ 2597000060 GHz
#PHvy Auto Man
Start 30 MHz Stop 26000 GHz
#Res BH 100 kHz WBH 300 Kz Sweep 2482 5 (8192 pto) @.gé-@e@%g@fg Eﬁg
Markear Trace Type H Axiz Amplitude

1 1 Freq 2.448 GH=z 4,26 dBm

2 1 F 4,874 GH -62.81 dB H

3 1 FFEE 83.825 EHz -LE.82 dBm 0 Slgnal Tragfkf

4 1 Freq 13.743 GH= -54.52 dBm n =
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

OUT OF BAND HIGH CH

% Agilent 12:24:32 Sep 16, 2015 L Freg/Channel
APw3.3(B86515),TC, Conducted A Mikr3 10.388 GHz
Ref 20.9 dBm #Atten 20 dB _58.443 dBm || . Center Freq
Poak | 13.0150000 GHz
Log (1:
1@ Start Freq
dE/ 300000006 MHz
Offst
ég'g Stop Freq
26.00000RG GHz
Ol 4
-25.1 3
4B 2l 62 - CF Step
2597000060 GHz
#PHvy Auto Man
Start 30 MHz Stop 26000 GHz
#Res BH 100 kHz +BH 300 kz _ Sweep 2.482 5 (8192 pto) || , ggg,e@%@?@fg Eﬁg
Markear Trace Type H Axiz Amplitude )
1 1 Freq 2.455 GH=z 1.71 dBm
2 1 F 4,867 GH -61.53 dB H
3 1 FFEE 1H.388 EHz -L£8.45 dBm 0 Slgnal Track
4 1 Freq 13.844 GH= -£3.78 dBm n m
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

9.6.5. 802.11n HT20 MODE IN THE 2.4 GHz BAND (CHAIN 0)

IN-BAND REFERENCE LEVEL

REFERENCE LEVEL MID CH

- Agilent 11:33:30 Sep 16, 2015 L Freq/Channel
APw3.308588515),TC, Conducted A Mkrl 2.432 B2 GHz Center Freq
EZ;kBEJ dBm Atten 38 B 4,88 dBm 5 13700000 Gl
Log

18 Start Freq
dB/ 240700000 GHz
Offst (1)

18.9

0l 2. 46700088 GHz
o CF Step

E.A0ARARAE MHz
#PHvg Auto Man
ML 52 Freq Offset
53 FUl_ e (0.00000000 Hz
AR
£t .
F%u:rl1 Signal Track
On Dff

Swp —
Center 2.437 B8 GHz Span 68 MHz

#Res BW 106 kHz #/BH 300 kHz Sweep 5.8 ms (1001 pts)

I
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

LOW CHANNEL BANDEDGE

AUTHORIZED BAND EDGE LOW CH

- Agilent 11:43:38 Sep 16, 2015

L |Freg/Channel|

HPw3.3(B88515),TC, Conducted A Mkre 2.408 B8 GHz Center Freq
EZ;kBEJ dBm Atten 360 B -35.34 dBm 5 16000000 GHa
Log
18 Start Freq
dB/ —_— S — 2.3700ARRR GHz
Offst
égg - Stop Freq
v 2. A300RAAG GHz
] 4
s CF Step
B.ARARAARG MHz
#FHwy Auto Man
Center 2.488 B8 GHz Span 68 MHz
#Res BH 100 kHz +UBH 300 kHz  Sweep 5.8 ms (1801 pto) | gg[f@%g@fg Eﬁi
Marker Trace Type ® Axis Amplituda )
1 1 Freq 2.399 22 GH=z -32.32 dBm
2 (1) Frag 2,408 BA GHz ~35.34 dEn Signal Track
On 0ff
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

HIGH CHANNEL BANDEDGE

AUTHORIZED BAND EDGE HIGH CH

- Agilent 11:57:42 Sep 16, 2015

L |Freg/Channel|

HPw3.3(B88515),TC, Conducted A Mkre 2.483 56 GHz Center Freq
EZ;kBEJ dBm Atten 360 B -41.49 dBm 5 13350000 GHa
Log
18 Start Freq
o | ST —— 1 2 AG35ARRR GHz
Offst
égg Stop Freq
0l ! ‘ 251350000 GHz
_ &
o R CF Step
B.ARARAARG MHz
#FHwy Auto Man
Center 2.483 50 GHz Span 68 MHz
#Res BH 100 kHz +UBH 300 kHz  Sweep 5.8 ms (1801 pto) | gg[f@%g@fg Eﬁi
Marker Trace Type ® Axis Amplituda )
1 1 Freq 2.483 58 GHz -43.88 dBm
2 (1) Frag 2,433 GE GHz -41.49 dBn Signal Track
On 0ff
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

OUT-OF-BAND EMISSIONS

OUT OF BAND LOW CH

- Agilent 11:44:48 Sep 16, 2015 L [Freg/Channel|
APwA.3(BEA5153,TC, Conducted A Mkr3 7.265 GHz c F
Ref 20.9 dBm sAtten 20 dB _57.664 dBm enter Freq
wPeak | 13.91560060 GHz
Log 1
18 4 Start Freq
dB/ 30.00900600 MHz
Offst
ég'g Stop Freq
o 26.00RABE0 GHz
_25.9 3 A
& 2l o | R " CF Step
2 59700060 GHz
#FHwy Auto Man
Start 38 MHz Stop 26.808 GHz
#Res BH 100 kHz +BH 300 kHz_ Sweep 2.482 5 (8192 pto) | gg[f@%g@fg Eﬁi
Marker Trace Type ® Axis Amplituda )

1 1 Freq 2.421 GH=z -H.14 dBm

2 1 F 4,824 GH -B1.52 dE H

3 1 FFEE 7.265 EHE -LY.EE dBm O Slgnal Tragfkf

4 1 Freq 13.774 GH= -54.22 dBm =
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

OUT OF BAND MID CH

% Agilent 11:34:53 Sep 16, 2015 L Freg/Channel
APw3.3(B86515),TC, Conducted A Mkr3 8.793 GHz c F
Ref 20.9 dBm #Atten 26 dB ~57.171 dBm enter Freq
i | 13.0150000 GHz
Log é
1@ Start Freq
dE/ 300000006 MHz
Offst
ég'g Stop Freq
0| 26.00000RG GHz
4
o d 1o | |2 . CF Step
2597000060 GHz
#PHvy Auto Man
Start 30 MHz Stop 26000 GHz
#Res BH 100 kHz +BH 300 kz _ Sweep 2.482 5 (8192 pto) || , ggg,e@%@?@fg Eﬁg
Markear Trace Type H Axiz Amplitude )

1 1 Freq 2.433 GH=z 3.36 dBm

2 1 F 4,874 GH -62.88 dB H

3 1 FFEE 8.74932 EHz -£7.17 dBm 0 Slgnal Tragfli

4 1 Freq 13.774 GH= -£4.,13 dBm =
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

OUT OF BAND HIGH CH

% Agilent 11:59:04 Sep 16, 2015 L Freg/Channel

APw3.3(B86515),TC, Conducted A Mkr3 8.809 GHz c F

Ref 20.9 dBm #Atten 26 dB _56.586 dBm enter Freq

i | 13.0150000 GHz

Log 1

16 S Start Freq

dE/ 300000006 MHz

Offst

ég'g Stop Freq

0| 26.00000RG GHz

_ 2 4

-;:iérSn'9 A g & 4 CF Step
A 2597000060 GHz

#PHvy Auto Man

Start 30 MHz Stop 26000 GHz

#Res BH 100 kHz Freq Offset

#YBW 300 kHz

Sweep 2,482 5 (8192 pts)

Markear Trace Type H Axiz
1 1 Fraq 2,468 GHz
2 1 Fraq 4,927 GHz
3 1 Fraq 8.809 GHz
4 oy Freq 13.883 GHz

Amplitude
H.48 dBm
-61.69 dBm
-5E6.59 dBm
-54.29 dBm

0.00000000 Hz

Signal Track
On Off
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

9.6.6. 802.11n HT20 MODE IN THE 2.4 GHz BAND (CHAIN 1)

IN-BAND REFERENCE LEVEL

REFERENCE LEVEL MID CH

- Agilent 11:38:38 Sep 16, 2015 L Freq/Channel
HPw3.3(B88515),TC, Conducted A Mkrl 2.441 98 GHz Center Freq
EZ;kBEJ dBm Atten 30 JB 589 dBm 5 43700060 GHa
Log

18 Start Freq
dB/ ) 248786080 GHz
Offst S

ég'g - Stop Freq
0| 2 AG7RARRR GHz
o CF Step

E.ARARARAR MHz
#PHvg Auto Man
ML 52 Freq Offset
33 FOL—zm - 0.00000060 Hz
AR
£t .
F%u:rl1 Signal Track
On 0ff

Swp —
Center 2.437 B8 GHz Span 68 MHz

#Res BW 106 kHz #/BH 300 kHz Sweep 5.8 ms (1001 pts)

I
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015

MODEL: 1688

LOW CHANNEL BANDEDGE

AUTHORIZED BAND EDGE LOW CH

- Agilent 11:53:16 Sep 16, 2015 L [Freg/Channel|

HPw3.3(B88515),TC, Conducted A Mkre 2.408 B8 GHz Center Freq

Ezgkﬂa dBm Atten 360 B -34.26 dBm 5 16000000 GHa

Log

18 Start Freq

dB/ WP IS ] 2.37000000 GHz

Offst

ég'g - Stop Freq

2

0l ~ 2. A300RAAG GHz

ol I CF Step
B.ARARAARG MHz

#FHwy Auto Man

Center 2.488 B8 GHz Span 68 MHz

#Res BH 100 kHz +UBH 300 kHz  Sweep 5.8 ms (1801 pto) | gg[f@%g@fg Eﬁi

Marker Trace Type ® Axis Amplituda )
1 1 Freq 2.3499 16 GH=z -32.968 dBm
2 (1) Freq 2,468 88 GHz -34.26 dBn Signal Track
On 0ff
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

HIGH CHANNEL BANDEDGE

AUTHORIZED BAND EDGE HIGH CH

- Agilent 12:03:48 Sep 16, 2015

L |Freg/Channel|

HPw3.3(B88515),TC, Conducted A Mkre 2.483 56 GHz Center Freq
EZ;kBEJ dBm Atten 360 B -40.51 dBm 5 13350000 GHa
Log
18 Start Freq
o[ 7 PEPFE S NP 2.45350000 GHz
Offst
égg Stop Freq
‘ 251350000 GHz
] j}
s T CF Step
B.ARARAARG MHz
#FHwy Auto Man
Center 2.483 50 GHz Span 68 MHz
#Res BH 100 kHz +UBH 300 kHz  Sweep 5.8 ms (1801 pto) | gg[f@%g@fg Eﬁi
Marker Trace Type ® Axis Amplituda )
1 1 Freq 2.483 58 GHz -4A.61 dBm
2 (1) Frag 2,433 GE GHz -48.51 dBn Signal Track
On 0ff
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

OUT-OF-BAND EMISSIONS

OUT OF BAND LOW CH

- Agilent 11:50:55 Sep 16, 2015 L [Freg/Channel|
APwA.3(BEA5153,TC, Conducted A Mkrz 4.548 GHz c F
Ref 20.9 dBm sAtten 20 dB _60.777 dBn enter Freq
wPeak | 13.0150680 GHz
Log (i)
18 Start Freq
dB/ 30.00006080 MHz
Offst
ég'g Stop Freq
26.0000000 GHz
Ol X
—24.9
dBm ] I jF3 . o CF Step
2 59700000 GHz
#FHwy Auto Man
Start 38 MHz Stop 26.808 GHz
#Res BH 100 kHz +BH 300 kHz_ Sweep 2.482 5 (8192 pto) | gg[f@%g@fg Eﬁi
Marker Trace Type ® Axis Amplituda )

1 1 Freq 2.488 GH=z 2.18 dBm

2 1 F 4,848 GH -EA.78 dEB H

3 1 FFEE 7.236 EHz -£9.88 dBm O Slgnal Tragfkf

4 1 Freq 13.819 GH= -£4,17 dBm =
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REPORT NO: 15U21746-E3V2

MODEL: 1688

DATE: DECEMBER 8, 2015

OUT OF BAND MID CH

% Agilent 11:40:11 Sep 16, 2015 L Freg/Channel
APw3.3(B86515),TC, Conducted A Mkr3 8.876 GHz c F
Ref 20.9 dBm #Atten 26 dB _57.649 dBm enter Freq
i | 13.0150000 GHz
Log 3
1@ Start Freq
dE/ 300000006 MHz
Offst
ég'g Stop Freq
0| 26.00000RG GHz
4
o 2 o 2 CF Step
2597000060 GHz
#PHvy Auto Man
Start 30 MHz Stop 26000 GHz
#Res BH 100 kHz +BH 300 kz _ Sweep 2.482 5 (8192 pto) || , ggg,e@%@?@fg Eﬁg
Markear Trace Type H Axiz Amplitude )

1 1 Freq 2.437 GH=z 3.43 dBm

2 1 F 4,874 GH -62.18 dB H

3 1 FFEE 3.87E EHz -LY.ES dBm 0 Slgnﬂl Tragfli

4 1 Freq 13.816 GH= -£4,12 dBm =
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

OUT OF BAND HIGH CH

% Agilent 12:05:15 Sep 16, 2015 L Freg/Channel

APw3.3(B86515),TC, Conducted A Mkr3 8.808 GHz

Ref 20.9 dBm #Atten 20 dB _57.470 dBm || CENter Freq

wPock | 13.8150000 GHz

Log 1

1@ < Start Freq

dE/ 300000006 MHz

Offst

ég'g Stop Freq

0| 26.00000RG GHz

4

ééfng : 5 S " CF Step
A 2597000060 GHz

#PHvy Auto Man

Start 30 MHz Stop 26000 GHz

#Res BH 100 kHz Freq Offset

#YBW 300 kHz

Sweep 2,482 5 (8192 pts)

Markear Trace Type H Axiz
1 1 Fraq 2,485 GHz
2 1 Fraq 4,927 GHz
3 1 Fraq 5.808 GHz
4 oy Freq 13.6EA GHz

Amplitude
-B.82 dBm
-61.62 dBm
-57.47 dBm
-54.52 dBm

0.00000000 Hz

Signal Track
On Off
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

10. RADIATED TEST RESULTS

10.1. LIMITS AND PROCEDURE
LIMITS

FCC §15.205 and §15.209
IC RSS-GEN Clause 8.9 (Transmitter)

IC RSS-GEN Clause 7 (Receiver)

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. The EUT is configured in accordance with ANSI
C63.10. The EUT is set to transmit in a continuous mode.

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.

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 for average measurements. Duty cycle factor=
10log (1/x). For this sample B mode = 0dB (duty cycle >98%); G mode = 0dB; N mode = 0.11dB.

The spectrum from 30 MHz 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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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

10.2. TRANSMITTER ABOVE 1 GHz

10.2.1. TXABOVE 1 GHz 802.11b MODE IN THE 2.4 GHz BAND CHAIN O

RESTRICTED BANDEDGE (LOW CHANNEL)
HORIZONTAL PEAK AND AVERAGE PLOT

| 250l Fremont, 5m Chamber A 22 Oct 2815 28:52:38
Restricted Bondedge
- Project Number: 15021746
1 Client MICROSOFT
Config:EUT w/ Laptop
Mode:DTS_2.4_BE_H_11b_2412
185 Tested bg:A. Escamilla
gl: \/
//
85 !
- W
< Peak Limit CoBuU/m) /
> 7!:
: i
o
3
65 /i
J
55l Averoge Limit (dBul/m) 21 /A/
kit bbb b o e Lk b /""\’,
450 G " 4 P V
a2
g
35
2. 31 18 . 5MH=z/ 2.415
Frequency (GHz)
Range (GHz) REU/UBY Ref/Attn Det/Avg Type Sueep Pls #5ups/Mode Position Range (GHz) RBL/UBM Ref/Attn  Det/Avg Type Susep Pts  #5Sups/Mode Position
1:2.31-2.415 1M(-6dB) /3M 187/18 PEAK/Pur Avg(RMS)  2Bmsec(futo) BBEI  MAXH 214 degs 188 | 2:2.31-2.415 TMC-6cB)/3M 187/18 AUER/Par Avg(RMS)  2Bmsec(futo) 8881 BUTAUG 214 degs 168 cn)
Low CH Bandedge - H.TST 38915 12 Jun 2815 Rev 8.5 24 Jun 2815
HORIZONTAL DATA
Marker Frequency Meter Det AFT136 Amp/Cbl/Flt 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)
4 *2.387 31.97 RMS 32 202 0 43.77 54 10.23 - 214 100 H
2 *2.389 43.59 Pk 32 20.1 0 55.49 - - 74 -18.51 214 100 H
1 *2.39 43.18 Pk 32 20.2 0 54.98 - - 74 -19.02 214 100 H
3 *2.39 29.68 RMS 32 202 0 41.48 54 1252 - - 214 100 H
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

VERTICAL PEAK AND AVERAGE PLOT

1ZI:UL Fremont,5m Chomber A 22 Oct 2815 21:02:08
Restricted Bondedge
= Project Number: 15021746
T Client:MICROSOFT
Config:EUT w/ Loptop
Mode:DTS_2.4_BE_U_11b_2412
185 Tested by:A. Escamilla
gl:
85 i
A ;/‘
N Peak Limit CdBuU/m) |
> 7l: i
3
o
K f
65 ‘
sol. Average Limit (5BuUym) 2. MNV/
o aibd Lt bt h ol ot kb e ok bbb ik L'JQGMW " i
45 1g il A ) L4
=) 3
@
35
2. 31 18.5MH=z/ 2.415
Frequency (GHz)
Range (GHz) REU/UBN  Ref/Attn Det/Avg Type Pls  #oups/fode FPosition Range (6Hz) REW/UBU  Ref/Attn Det/Avg Type Sucep Pto  ¥5ups/fode  Position
2.31=2.415 M(-6dB) /3M @7/18 PEAK/Pur AygCRNS 2] MAXH 325 degs 152
Low CH Bandedge - U.TST 38915 12 Jun 2815 Rev 8.5 24 Jun 2015
VERTICAL DATA
Marker Frequency Meter Det AFTI36 Amp/Cbl/Fit | DCCorr (dB) | Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (d8/m) r/Pad (dB) Reading Limit (d8) (dBuv/m) (d8) (Degs) (em)
(dBuv) (dBuV/m) (dBuv/m)
4 *2.386 31.41 RMS 32 -20.2 0 43.21 54 -10.79 - - 325 152 A
1 *2.39 37.64 Pk 32 -20.2 0 49.44 - - 74 -24.56 325 152 A
2 *2.39 43.04 Pk 32 -20.2 0 54.84 - - 74 -19.16 325 152 \%
3 *2.39 29.23 RMS 32 -20.2 0 41.03 54 -12.97 - - 325 152 \%
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

AUTHORIZED BANDEDGE (HIGH CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

| ZKUL Fremont,5m Chomber A 22 Oct 2815 28:42:35
Restricted Bondedge
= Project Number; 15021746
H Cl ient ;MICROSOFT
Config:EUT w/ Laptop
Mode:DTS 2.4 BE H 11b_2462
185 Tested by:A. Escamilla
SN
%y
85
e
3 - Peak Limit C(dBulU/m)
3 7
@
<
6’:
Average Limit CdBul/m)
55
W B Lo | g
45 b
4
\MW
35
2.46 8. 3MH=z/ 2.563
Frequency (GHz)
RRE ST MR NG PR g Dt B W B e 13| 22 B GBI S R RS e G TG D b 19 cn
High CH Bondedge -~ H.TST 38915 {2 Jun 2015 Rev 9.5 24 Jun 2815
HORIZONTAL DATA
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 *2.484 36.44 Pk 321 -20.3 0 48.24 - - 74 -25.76 216 113 H
3 *2.484 26.74 RMS 321 -20.3 0 38.54 54 -15.46 - - 216 113 H
2 *2.488 38.88 Pk 321 -20.3 0 50.68 - 74 -23.32 216 113 H
4 *2.488 28.34 RMS 32.1 -20.3 0 40.14 54 -13.86 - - 216 113 H
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

VERTICAL PEAK AND AVERAGE PLOT

1ZI:UL Fremont,5m Chomber A 22 Oct 2815 20:30: 34
Restricted Bondedge
= Project Number: 15021746
T Cl ient {MICROSOFT
Config:EUT w/ Laptop
Mode:DTS_2.4_BE_U_11b_2462
195 Tested by:A. Escomil |a
95
85
‘e \ )
~ | Peok Limit (dBulU/m)
3 75 \
o
o
65 \
|
Average Limit CdBulU/m)
55
i “’14‘ 1 B
. WWMMMM it bl O O T ST
4
B
35
2.46 8. 3MH=z/ 2.563
Frequency (GHz)
Ronge (6Hz) REU/UBU  Ref/Attn Det/fvg Tupe Sweep Pis  #oupsilode Position Range (GHi) REWUBN  Ref/Attn  Det/Avg Type Sweep Pts  ¥Sups/fode Position
2 463 563 My G718 PEOK/Por og(RHS)  hncoc(huto) GEAI  Hekh 2 degs 375
High CH Bondedge - U.TST 38915 12 Jun 2815 Rev 9.5 24 Jun 2815
Marker Frequency Meter Det AFT136 Amp/Chi/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 *2.484 36.57 Pk 32.1 -20.3 0 48.37 - - 74 -25.63 12 375 A
3 *2.484 26.91 RMS 32.1 -20.3 0 38.71 54 -15.29 - - 12 375 A
2 *2.488 38 Pk 321 -20.3 0 49.8 - 74 -24.2 12 375 A
4 *2.488 27.65 RMS 321 -20.3 0 39.45 54 -14.55 - 12 375 A
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL HORIZONTAL

! 1:UL Fremont,5m Chomber B 23 Oct 2B15 17:53:16
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client Microsoft
Config:EUT + AC Adapter
Mode:DTS 2.4 HARM_11b_HT28_2412_CB
g5 Tested by:R.A
a5
Peaok Limit CdBulU/m)
75
‘e
~
3 65
[as)
o ~
2 Avg Limit (dBuU/m)
5|:
1 3
45 i A g
M’M el
35 N L sl i harhnd A ad
meewyre e o i
25
1 14 18
Frequency (GHz)
Range (@) RRUABU  Ref/fitn Dt/Avg Tupe Sueop Pla #owps/fods Position Range (G REWURI  Ref/Attn  Det/Avg Type Seeep Pts Foups/ods Position
1143 1H-6d8) /38 G718 PEAK/Par Avg(RNS)  T7msec(huto) 6031 HAXH B-360deg 3318 WCEE)/38  B1/8 FERK/Fur Mvg(RHS)  STdnsec(huto) 18k HA 8-36Adegs H
FCC Port!S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

LOW CHANNEL VERTICAL

<UL Fremont,5m Chamber B

23 Oct 2815 17:53:16

"

Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client:Microsoft
Config:EUT + AC Adapter
Mode:DTS_ 2.4 HARM_11b_HT28_2412_CB
a5 Tested by:R.A
35
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
@
o .
~ Avg Limit (dBuU/m)
55
2
45 9 4
i 2
35
25
1 18 18
Frequency (GHz)
Ronge (6H) REU/BU  Ref/fitn Det/fvg Tupe Suacp Pls  #owpe/fode FPosition Range (Gfi2) REWABH  Ref/Attn Det/Avg Tupe Suesp Pts  Foups/fods  Position

FCC Parti5 Subpart C 2.4GHz RSE.TST 36915 16 Jun 2815

Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

LOW CHANNEL DATA

Frequency Meter Det AF T345 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) Limit (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m) (dBuv/m)

*2.261 40.17 PK2 314 -24.3 0 47.27 - - 74 -26.73 212 157 H

*2.261 34.77 MAv1 314 -24.3 0 41.87 54 -12.13 - - 212 157 H

*2.261 41.64 PK2 314 -24.3 0 48.74 - - 74 -25.26 15 227 \

*2.261 36.5 MAv1 314 -24.3 0 43.6 54 -10.40 - - 15 227 \

*4.824 44.65 PK2 343 -31.6 0 47.35 - - 74 -26.65 209 193 H

*4.824 41.58 MAv1 343 -31.6 0 44.28 54 -9.72 - - 209 193 H

*4.824 43.81 PK2 343 -31.6 0 46.51 - - 74 -27.49 226 221 \

*4.824 40.66 MAv1 343 -31.6 0 43.36 54 -10.64 - - 226 221 Vv

*8.329 31.25 PK2 35.7 -27.7 0 39.25 - - 74 -34.75 226 200 Vv

*8.327 27.52 MAv1 35.7 -27.8 0 35.42 54 -18.58 - - 226 200 Vv

*8.244 31.82 PK2 35.7 -28.5 0 39.02 - - 74 -34.98 231 178 Vv

*8.244 28.18 MAv1 35.7 -28.5 0 35.38 54 -18.62 - - 231 178 Vv
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

MID CHANNEL HORIZONTAL

| WEUL Fremont,5m Chomber B 23 Oct 2815 18:32:14
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client:Microsoft
Config EUT + AC Adopter
Mode:DTS_2.4_HARM_11b_HT28_2437_CB
95 Tested by:R.A
8|:
Peak Limit C(dBulU/m)
75
e
3 5
5 b6
fus]
o
~ Avg Limit (dBuU/m)
5|:
° o
M . EJT )
35 Dt L MWW S
WWWW b4
25
1 18 18
Frequency (GHz)
Range (62 ROUABU  Ref/fitn Det/Avg Type Sueep Pls  foups/fode Position Range (6Hz) REWUBH  Ref/Aten Dot/Avg Tupe Sucep Pts ¥5ups/ode Fosition
1-3 NC-6dB)/3k 18718 PEAK/Par AvgRNS)  TTmsec(futo) 621  MAXH B-38degs H | 3:3-18 HC-6B)/38  BI/B  PERK/Par Avg(RHS)  STnsec(uto) I8k MY 8-360dege H
FCC PortiS Subport C 2.d6Hz RSE.TST 38915 {6 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

MID CHANNEL VERTICAL

| WRUL Fremont,5m Chomber B 23 Oct 2815 18:32:14
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client:Microsoft
Config:EUT + AC Adapter
Mode:DTS_ 2.4 HARM_11b_HT28_2437_CB
a5 Tested by:R.A
8|:
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
[as]
o
~ Avg Limit (dBuU/m)
5|:
5
=
4 3
o
5
35 o0
o5
1 18 18
Frequency (GHz)
Ronge (6H) REU/UB  Ref/Altn Dst/Avg Tupe Suecp Pla ¥owps/fode Fasition Range (Gliz) REWABH  Ref/Attn  Det/Avg Type Suep Pts  Foups/fiods  Position
FCC Port1S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

MID CHANNEL DATA

Frequency Meter Det AF T345 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity

(GHz) Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) Limit (dB) (Degs) (cm)

(dBuv) (dB) (dBuv/m) (dBuv/m)

*4.874 43.9 PK2 34.2 -32.4 0 45.7 - - 74 -28.3 231 200 H

*4.874 40.5 MAv1 34.2 -32.4 0 42.3 54 -11.7 - - 231 200 H

*3.731 33.87 PK2 335 -32.9 0 34.47 - - 74 -39.53 223 199 H

*3.732 30.35 MAv1 335 -32.9 0 30.95 54 -23.05 - - 223 199 H

*4.718 34.06 PK2 342 -31 0 37.26 - - 74 -36.74 174 192 H

*4.718 30.53 MAv1 342 -31 0 33.73 54 -20.27 - - 174 192 H

*4.874 42.56 PK2 342 -32.4 0 44.36 - - 74 -29.64 229 210 Vv

*4.874 38.63 MAv1 34.2 -32.4 0 40.43 54 -13.57 - - 229 210 \

*3.866 34.15 PK2 334 -31.7 0 35.85 - - 74 -38.15 164 207 \

*3.866 30.62 MAv1 334 -31.7 0 32.32 54 -21.68 - - 164 207 \

2.547 36.11 PK2 32,6 -23.9 0 44.81 - - - - 320 202 \
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

HIGH CHANNEL HORIZONTAL

| WEUL Fremont,5m Chomber B 23 Oct 2815 19:06:21
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client:Microsoft
Config:EUT + AC Adapter
Mode:DTS_ 2.4 HARM_11b_HT28_2462_CO
95 Tested by:R.A
8|:
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
fus]
o
~ Avg Limit (dBuU/m)
5|:
2
45
W 2
&) ¢ .
35 TR ST NITIIPPCTL 7 oot b
o5
1 18 18
Frequency (GHz)
Ronge (6H) REU/UB  Ref/Attn Dst/Avg Tupe Suecp Plo  ¥oups/fode FPasition Range (Gliz) REWABH  Ref/Attn  Det/Avg Type Secop Pts  Foups/flods  Position
13 HC-6d8)/3k 167718 PEAK/Par Avg(RHS)  7Tnsec(Puto) 6681 HAXH B-38degs H | 3:3-18 HC-6B)/38  BI/B  PERK/Par Avg(RHS)  STnsec(uto) I8k MY 8-368degs H
FCC Port1S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

HIGH CHANNEL VERTICAL

| WRUL Fremont,5m Chomber B 23 Oct 2815 19:06:21
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client:Microsoft
Config:EUT + AC Adapter
Mode:DTS_ 2.4 HARM_11b_HT28_2462_CO
a5 Tested by:R.A
8|:
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
[as]
o
~ Avg Limit (dBuU/m)
5|:
45 i
o 4 5
o, @
3|:
o5
1 18 18
Frequency (GHz)
Ronge (6H) REU/UB  Ref/Altn Dst/Avg Tupe Suecp Pla ¥owps/fode Fasition Range (Gliz) REWABH  Ref/Attn  Det/Avg Type Suep Pts  Foups/fiods  Position
FCC Port1S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

HIGH CHANNEL DATA

Frequency Meter Det AF T345 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) Limit (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m) (dBuv/m)
*2.83 36.03 PK2 32,6 -23.7 0 44.93 - - 74 -29.07 111 199 H
*2.828 32.09 MAv1 32,6 -23.7 0 40.99 54 -13.01 - - 111 199 H
*4.924 43.11 PK2 341 -32.5 0 44.71 - - 74 -29.29 106 222 H
*4.924 39.24 MAv1 341 -32.5 0 40.84 54 -13.16 - - 106 222 H
*4.924 43.08 PK2 341 -32.5 0 44.68 - - 74 -29.32 106 222 H
*4.924 39.26 MAv1 341 -32.5 0 40.86 54 -13.14 - - 106 222 H
*4.924 42.54 PK2 341 -32.5 0 44.14 - - 74 -29.86 31 297 Vv
*4.924 38.57 MAv1 34.1 -32.5 0 40.17 54 -13.83 - - 31 297 \
5.99 35.18 PK2 35.7 -30.8 0 40.08 - - - - 65 198 H
6.511 325 PK2 35.9 -30.1 0 383 - - - - 120 203 \
6.972 33.13 PK2 36 -30.8 0 38.33 - - - - 117 188 \
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

10.2.2. TX ABOVE 1 GHz 802.11b MODE IN THE 2.4 GHz BAND CHAIN 1

RESTRICTED BANDEDGE (LOW CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

12:LJL Fremont,5m Chomber A 22 Oct 2815 19:28:12
Restricted Bondedge
= Project Number; 15021746
1 Client:MICROSOFT
Config:EUT w/ Laptop
Mode DTS 2.4 BE H 11b 2412
195 Tested by:A. Escamilla
95 : v
85
N Peak Limjt CdBuU/m)
3 75
fus]
S
6K
55 Average Limit (dBuUym>
Ll il il gl
T
ol M
35
2.3 T8 5MH=/ ' 7415
Frequency (GHz)
2T MR T P e etk BB N S e 175 | 22 R WCRN T e B st e 5 e 175 e
Low CH Bandedgs ~ H.TST 38915 12 Jun 2815 Rev 9.5 24 Jun 2815
HORIZONTAL DATA
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) (em)
(dBuv) (dBuv/m) (dBuv/m)
1 *2.39 38.07 Pk 32 -20.2 0 49.87 - - 74 -24.13 277 175 H
2 *2.389 44.19 Pk 32 -20.1 0 56.09 - - 74 -17.91 277 175 H
3 *2.39 29.97 RMS 32 -20.2 0 41.77 54 -12.23 - - 277 175 H
4 *2.387 31.63 RMS 32 -20.2 0 43.43 54 -10.57 - - 277 175 H
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

VERTICAL PEAK AND AVERAGE PLOT

1ZI:UL Fremont,5m Chomber A 22 Oct 2815 19:30:38
Restricted Bondedge
= Project Number: 15021746
T Client:MICROSOFT
Config:EUT w/ Laptop
Mode:DTS_ 2.4 BE_U_11b_2412
185 Tested by:A. Escamilla i
gl:
85 /
. x‘
N Peak Limit CdBuU/m) J
> 7l:
3
o )
S /
65
. . 2
55 Averoge Limit (dBuUym) [
00 i bttt ket Ao Y ATV J\WMW*WJ'
45t b b : 4
: ©
35
2.31 18 .5MH=z/ 2.415
Frequency (GHz)
Ronge (62 REU/UBU  Ref/Attn Det/fvg Tupe Pls #oupsilode Position Range (GHi) REWUBN  Ref/Attn  Det/Avg Type Sweep Pts  ¥Sups/fode FPosition
2,312,415 MC6dB) /M G718 PEAK/Far- AugCRHS @l 231 dege 127
Low CH Bendedge - U.TST 38915 12 Jun 2815 Rev 9.5 24 Jun 2815
VERTICAL DATA
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)
2 *2.385 45.95 Pk 32 -20.2 0 57.75 - - 74 -16.25 231 127 A
4 *2.387 329 RMS 32 -20.2 0 44.7 54 9.3 - - 231 127 A
1 *2.39 43.74 Pk 32 -20.2 0 55.54 - - 74 -18.46 231 127 A
3 *2.39 31.42 RMS 32 -20.2 0 43.22 54 -10.78 - - 231 127 A
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

AUTHORIZED BANDEDGE (HIGH CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

IZ:UL Fremant,5m Chomber A 22 Oct 2815 28:11:54

Restricted Bondedge

- Project Number: 15021746

1 Client MICROSOFT
ConfigiEUT w/ Laptop
Made:DTS 2.4 BE_H_11b_2462
195 Tested by:A. Escanil la

951-¥
85 \
\‘x Peak Limit C(dBul/
75 \\
65 i

|

ww Average Limit (dBulU/m)
55

A

. W
A

CdBul/m)

35 " "
2.46 8. 3MH=/ 2.563
Frequency (GHz)

Range (GHz) REU/UBW  Ref/ftin Det/fvg Tuype Sueep Pls  Foups/fode Fosition Range (GHz) RBU/BU  Ref/Attn Det/Avg Type Pts  ¥5ups/Made Posi
1:2.46-2.563 1HC-6B) /3 167/18 PEAK/Pir Avg(RNS)  2Bnsec(futo) 8881  MAXH 281 degs 186 | 2:2.4672.53 1MC-68)/3M 1B7/10 AUER/Pir Avg (RIS ) 801 1opTAUG 281

High CH Bondedge — H.TST 38915 12 Jun 2815 Rev 8.5 24 Jun 2815

HORIZONTAL DATA

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 *2.484 37.82 Pk 3211 -20.3 0 49.62 - - 74 -24.38 281 186 H

3 *2.484 29.43 RMS 3211 -20.3 0 41.23 54 -12.77 - - 281 186 H

4 *2.484 29.26 RMS 32.1 -20.3 0 41.06 54 -12.94 - 281 186 H

2 *2.485 40.61 Pk 32.1 -20.3 0 52.41 - - 74 -21.59 281 186 H
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

VERTICAL PEAK AND AVERAGE PLOT

| 5L Fremont,5n Chanber A 22 Oct 2815  20:19:54
Restricted Bondedge
- Project Number: 15021746
I Client MICROSOFT
Config:EUT w/ Loptop
Mode:BTS_2.4_BE_U_11b_2462
185" < Tested by:A. Escomilla
gl:
\
|
85 I
< Peak Limit (dBuU/in)
3 75
o
S
s \W«
W% | 2
e Limit (dBuU/m)
55 d
é ' ! TPy A TR IR IRV (WORTA R bbbt T R TR VR W T
45 ‘
35
2.46 8. 3MH=/ 2.563
Frequency (GHz)
Range (6Hz) RBU/UBU  Ref/Attn Det/fvg Type Pts  #5wps/fode  Position Renge (6Hz) RBU/UBW  Ref/fttn Det/Avg Tuype Sueep Pts  ¥Sups/lode Position
2.46-2.563 M(-6dB) /3M @7/18 PEAK/Pur AygCRNS 2] MAKH 49 degs 374
High CH Bondedge - U.TST 308915 12 Jun 2815 Rev 8.5 24 Jun 2815
VERTICAL DATA
Marker Frequency Meter Det AFT136 Amp/Cbi/Fit DC Corr (dB) Corrected ‘Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GH2) Reading (dB/m) +/Pad (dB) Reading Limit (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m) (dBuV/m)
1 *2.484 263 Pk 321 203 0 58.1 - - 74 15.9 149 374 v
3 *2.484 37.32 RMS 321 203 0 49.12 54 “4.88 - - 149 374 v
4 *2.484 36.93 RMS 321 203 0 4878 54 5.22 E B 149 374 v
2 *2.486 46.47 Pk 321 203 0 58.27 E B 74 1573 149 374 v
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL HORIZONTAL

I ~UL Fremont,5m Chomber B 23 Oct 2B15 21:83:83
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client Microsoft
Config:EUT + AC Adapter
Mode:DTS 2.4 HARM_11b_HT28_2412_C1
g5 Tested by:R.A
a5
Peok Limit (dBul/m)
75
‘e
~
3 65
[as)
o ~
2 Avg Limit (dBuU/m)
5|:
45 ‘
WMW 1 &}
O . IR Y ot
bl T
25
1 14 18
Frequency (GHz)
Range (@) RRUABU  Ref/fitn Dt/Avg Tupe Sueop Pla #owps/fods Position Range (G REWURI  Ref/Attn  Det/Avg Type Seeep Pts Foups/ods Position
1143 1H-6d8) /38 G718 PEAK/Par Avg(RNS)  T7msec(huto) 6031 HAXH B-360deg 3318 WCEE)/38  B1/8 FERK/Fur Mvg(RHS)  STdnsec(huto) 18k HA 8-36Adegs H
FCC Port!S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.

Page 92 of 136

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: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

LOW CHANNEL VERTICAL

<UL Fremont,5m Chamber B 23 Oct 2815 21:03:083
Rodioted Emissions 3-Meters

— ET?J&@ Nunber | 15021746
fent :Microsoft

Config:EUT + AC Adapter

Mode:DTS_2. 4_HARM_11b_HT26_2412_C1

95 Tested by:R.A

11

85

Peak Limit (dBulU/m)
75

65

(dBul/m)

Avg Limit (dBuU/m)

55

U S § FOO RO

: e
35 i G e 8, )

oul

25

Frequency (GHz)

Range (62 ROUABU  Ref/fitn Det/Avg Type Sueep Pls  fowps/fode Position Range (6Hz) REWABW  Ref/Aten  Dot/Avg Tupe Sueep Pts ¥5ups/Mlode Fosition

FCC Parti5 Subpart C 2.4GHz RSE.TST 36915 16 Jun 2815 Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

LOW CHANNEL DATA

Frequency Meter Det AF T345 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity

(GHz) Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) Limit (dB) (Degs) (cm)

(dBuv) (dB) (dBuv/m) (dBuv/m)

*4.824 39.99 PK2 343 -31.6 0 42.69 - - 74 -31.31 280 149 H

*4.824 35.37 MAv1 343 -31.6 0 38.07 54 -15.93 - - 280 149 H

*4.824 41.59 PK2 343 -31.6 0 44.29 - - 74 -29.71 21 198 Vv

*4.824 37.71 MAv1 343 -31.6 0 40.41 54 -13.59 - - 21 198 Vv

*3.639 34.95 PK2 33.8 -32.7 0 36.05 - - 74 -37.95 31 208 Vv

*3.641 31.03 MAv1 33.7 -32.7 0 32.03 54 -21.97 - - 31 208 Vv

5.778 34.15 PK2 35.1 -32 0 37.25 - - - - 35 184 Vv

5.914 33.45 PK2 35.5 -30.9 0 38.05 - - - - 22 205 \

7.884 32.18 PK2 35.6 -29.3 0 38.48 - - - - 89 200 H
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

MID CHANNEL HORIZONTAL

' <UL Fremont,5m Chamber B 23 Oct 2815 28:28:14
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client:Microsoft
Config:EUT + AC Adapter
Mode:DTS_ 2.4 HARM_11b_HT28_2437_CI
95 Tested by:R.A
8|:
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
fus]
o
~ Avg Limit (dBuU/m)
5|:
5 \ . iy
4 J 5
b s ! LD
PP "
35 ﬂ s Ak e, .Mcf LT e -
T b
o5
1 18 18
Frequency (GHz)
Ronge (6H) REU/UB  Ref/Attn Dst/Avg Tupe Suecp Plo  ¥oups/fode FPasition Range (Gliz) REWABH  Ref/Attn  Det/Avg Type Secop Pts  Foups/flods  Position
13 HC-6d8)/3k 167718 PEAK/Par Avg(RHS)  7Tnsec(Puto) 6681 HAXH B-38degs H | 3:3-18 HC-6B)/38  BI/B  PERK/Par Avg(RHS)  STnsec(uto) I8k MY 8-368degs H
FCC Port1S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

MID CHANNEL VERTICAL

' <UL Fremont,5m Chamber B 23 Oct 2815 28:28:14
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client:Microsoft
Config:EUT + AC Adapter
Mode:DTS_ 2.4 HARM_11b_HT2B 2437 C1
a5 Tested by:R.A
8|:
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
[as]
o
~ Avg Limit (dBuU/m)
5|:
a5
2
o
3 g
35 D
o5
1 18 18
Frequency (GHz)
Ronge (6H) REU/UB  Ref/Altn Dst/Avg Tupe Suecp Pla ¥owps/fode Fasition Range (Gliz) REWABH  Ref/Attn  Det/Avg Type Suep Pts  Foups/fiods  Position
FCC Port1S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

MID CHANNEL DATA

Frequency Meter Det AF T345 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) Limit (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m) (dBuv/m)
*4.874 39.96 PK2 34.2 -32.4 0 41.76 - - 74 -32.24 252 281 H
*4.874 347 MAv1 34.2 -32.4 0 36.5 54 -17.5 - - 252 281 H
*4.874 42.59 PK2 342 -32.4 0 44.39 - - 74 -29.61 16 280 Vv
*4.874 38.62 MAv1 342 -32.4 0 40.42 54 -13.58 - - 16 280 Vv
*3.602 34.38 PK2 33.8 -32.8 0 35.38 - - 74 -38.62 25 259 Vv
*3.602 30.76 MAv1 33.8 -32.8 0 31.76 54 -22.24 - - 25 259 Vv
3.132 34.01 PK2 32.6 -32.4 0 34.21 - - - - 102 199 H
5.981 32.9 PK2 35.6 -30.7 0 37.8 - - - - 114 205 \
10.33 29.02 PK2 37.4 -25.3 0 41.12 - - - - 106 202 H
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

HIGH CHANNEL HORIZONTAL

' <UL Fremont,5m Chamber B 23 Oct 2815 19:45: 308
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client:Microsoft
Config:EUT + AC Adapter
Mode:DTS_ 2.4 HARM_11b_HT28_2462_Cl
95 Tested by:R.A
8|:
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
fus]
o
~ Avg Limit (dBuU/m)
5|:
45 5 J
Dot 1
' kR "
T ik
35 — i A A e ol i
WA saaliii
o5
1 18 18
Frequency (GHz)
Ronge (6H) REU/UB  Ref/Attn Dst/Avg Tupe Suecp Plo  ¥oups/fode FPasition Range (Gliz) REWABH  Ref/Attn  Det/Avg Type Secop Pts  Foups/flods  Position
13 HC-6d8)/3k 167718 PEAK/Par Avg(RHS)  7Tnsec(Puto) 6681 HAXH B-38degs H | 3:3-18 HC-6B)/38  BI/B  PERK/Par Avg(RHS)  STnsec(uto) I8k MY 8-368degs H
FCC Port1S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

HIGH CHANNEL VERTICAL

' <UL Fremont,5m Chamber B 23 Oct 2815 19:45: 308
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client:Microsoft
Config:EUT + AC Adapter
Mode:DTS_ 2.4 HARM_11b_HT28_2462_Cl
a5 Tested by:R.A
8|:
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
[as]
o
~ Avg Limit (dBuU/m)
5|:
c
45 =
o
4
o)
3|:
o5
1 18 18
Frequency (GHz)
Ronge (6H) REU/UB  Ref/Altn Dst/Avg Tupe Suecp Pla ¥owps/fode Fasition Range (Gliz) REWABH  Ref/Attn  Det/Avg Type Suep Pts  Foups/fiods  Position
FCC Port1S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was

at least 20dB below the specification limit.

Page 99 of 136

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: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

HIGH CHANNEL DATA

Frequency Meter Det AF T345 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) Limit (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m) (dBuv/m)
*4.924 41.4 PK2 34.1 -32.5 0 43 - - 74 -31 214 103 H
*4.924 36.7 MAv1 34.1 -32.5 0 383 54 -15.7 - - 214 103 H
*4.698 37.16 PK2 342 -31.6 0 39.76 - - 74 -34.24 255 281 H
*4.698 30.4 MAv1 342 -31.6 0 33 54 -21 - - 255 281 H
*4.924 43.29 PK2 341 -32.5 0 44.89 - - 74 -29.11 21 175 Vv
*4.924 39.51 MAv1 341 -32.5 0 41.11 54 -12.89 - - 21 175 Vv
*4.729 34.09 PK2 343 -30.7 0 37.69 - - 74 -36.31 151 244 Vv
*4.729 30.71 MAv1 343 -30.7 0 3431 54 -19.69 - - 151 244 \
2 36.43 PK2 323 -24.5 0 44.23 - - - - 155 203 \
2.086 36.2 PK2 31.9 -24.4 0 43.7 - - - - 169 193 H
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

10.2.3. TX ABOVE 1 GHz 802.11g MODE IN THE 2.4 GHz BAND

RESTRICTED BANDEDGE (LOW CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

<UL Fremont,5m Chomber A 22 Oct 2815 21:31:17

Restricted Bondedge

= Project Number; 15021746

N Client:MICROSOFT
Config:EUT w/ Loptop
Mode:DTS_ 2.4 BE H_11g_2412

185 Tested by:A. Escani|la W
{ \J’
85

Peak Limit CdBul/m)

(dBulU/m2
~J
Jl
,
et

65 A

S T——— ” M ™, /n\/
# gV
i L L sLhikde TR, Hﬂuw
e

JE—E—————

‘ W
e bppar
35
2.31 8. 5MH=/ 2.415
Frequency (GHz)
Range (GHz) REU/UBW  Ref/ftin Det/fvg Tuype Sueep Pls  Foups/fode Fosition Range (GHz) RBU/BU  Ref/Attn Det/Avg Type Sueep Pts  ¥5ups/Mode Position
1:2.3172.415 1HC-6B) /3 167/18 PEAK/Pir Avg(RNS)  2Bnsec(futo) 8881  MAXH 261 degs 175 | 2:2.3172.41 MC-6B)/M BT/ WUER/Pir Avg(RHS)  2msec(huto) 801  1BBTAUG 261 degs 175 cm
Low CH Bandedge — H.TST 38915 12 Jun 20815 Rev 8.5 24 Jun 2815
HORIZONTAL DATA
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) +/Pad (dB) Reading Limit (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m) (dBuV/m)
1 *2.39 53.58 Pk 32 -20.2 0 65.38 - - 74 -8.62 261 175 H
2 *2.39 55.28 Pk 32 -20.2 0 67.08 - - 74 -6.92 261 175 H
3 *2.39 40.26 RMS 32 -20.2 0 52.06 54 -1.94 - - 261 175 H
4 *2.39 40.43 RMS 32 -20.2 0 52.23 54 -1.77 - - 261 175 H
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

VERTICAL PEAK AND AVERAGE PLOT

1ZI:UL Fremont,5m Chomber A 22 Oct 2815 21:21:37
Restricted Bondedge
= Project Number: 15021746
T Client:MICROSOFT
Config:EUT w/ Laptop
Mode:DTS_2.4_BE_U_11g_2412 - R
185 Tested by:A. Escamilla SN TN
A \
[ W \L
95 1
/
85 /
{
A N/
£ Peak Limit CdBuU/m) o /|
S 75 foot
"
& 2| N
6|:
M“"W
55 Averoge Limit (dBuUym) . M
45
35
2. 31 18.5MH=z/ 2.415
Frequency (GHz)
Ronge (62 REU/UBU  Ref/Attn Det/fvg Tupe Sweep Pls #oups/lode Position Range (GHi) REWUBN  Ref/Attn  Det/Avg Type Sweep Pts  ¥Sups/fode FPosition
231,415 MC_6dk) /34 BI/IE PEAK/Por Ag(RNG)  Zmeec(huto) B3I W 227 dega 153
Low CH Bendedge - U.TST 38915 12 Jun 2815 Rev 9.5 24 Jun 2815
VERTICAL DATA
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)
2 *2.389 56.6 Pk 32 -20.1 0 68.5 - - 74 -5.5 227 153 \2
4 *2.389 41.09 RMS 32 -20.1 0 52.99 54 -1.01 - - 227 153 A
1 *2.39 54.32 Pk 32 -20.2 0 66.12 - - 74 -7.88 227 153 A
3 *2.39 39.8 RMS 32 -20.2 0 51.6 54 -2.4 - - 227 153 A
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REPORT NO: 15U21746-E3V2
MODEL: 1688

DATE: DECEMBER 8, 2015

AUTHORIZED BANDEDGE (HIGH CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

IZ:UL Fremont,5m Chomber A 22 Oct 2815 22:47:22
Restricted Bondedge
= Project Number; 15021746
H Cl ient ;MICROSOFT
Config:EUT w/ Laptop
Mode:DTS_2.4_BE_H_11g_2462
195 Tested by:A. Escanilla
QKWM
\\/ \ \
/ \/ ,
85 )
: \
> \ \ Peak Limit C(dBulU/m)
> 7!:
3
us]
7 \\\M\,
65 \
\ WM 2
55 \\"w‘ Limit CdBuU/mJ
N
g N o Aol ot
45 i bl s M s y
g
35
2.46 8. 3MH=/ 2.563
Frequency (GHz)
Range (6Hz) REU/UBU  Ref/Attn Det/fvg Tups Secep Pls  #ups/fods Position Range (Gh) REMUBN  Ref/Attn Det/Avg Type Sucep Pts  #Sups/fode Fosition
1:2.46-2.563 1M(-6dB) /3M 187/18 PEAK/Pur Avg(RMS)  2Bmsec(futo)  BEEI MAXH 268 degs 198 2:2.46-2.563 1MC-6dB)/3M 187/18 WER/Puar Avg(RMS) 2Bmsec(huto) 8001 188TAVG 260 degs 198 cn
High CH Bondsdge -~ H.TST 38915 12 Jun 2815 Rev 9.5 24 Jun 2815
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) (em)
(dBuv) (dBuv/m) (dBuv/m)
1 *2.484 44.12 Pk 321 -20.3 0 55.92 - 74 -18.08 260 190 H
3 *2.484 33.16 RMS 321 -20.3 0 44.96 54 -9.04 260 190 H
4 *2.484 33.47 RMS 32.1 -20.3 0 45.27 54 -8.73 - - 260 190 H
2 *2.486 47.15 Pk 32.1 -20.3 0 58.95 - 74 -15.05 260 190 H
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

VERTICAL PEAK AND AVERAGE PLOT

1ZI:UL Fremont,5m Chomber A 22 Oct 2815 22:41:13
Restricted Bondedge
= Project Number: 15021746
T Client:MICROSOFT
Config:EUT w/ Laptop
TP Mode:DTS_2.4_BE_U_11g_2462
1B5 by Tested by:A. Escomilla
A
95 by
85
< \ Peck Limit (dBUU/in)
3 75 N
e St
o "
o “M‘Tsz
6|: _ET
o5 | Average LY CalBul/m)
=y Wﬁm A L ‘
d 4 "“‘“,‘ ,‘\' ’ iy o il o
45 : :
35
2.46 8. 3MH=/ 2.563
Frequency (GHz)
Range (61) REUUBI  Ref/fitn Det/ivg Tope Seep Pie  Fups/fode Position Range (Gd REWURU  Ref/Attn  Det/Avg Type Sieep | FPio Houpe/fode Fosition
2.4522 563 H-6B) /3 B/ PEAK/Por Bom(RNS)  2Pmesc(futo) 2081  HAKH 47 degs 380
High CH Bondedge = U.TST 38915 12 Jun 2815 Rev 9.5 24 Jun 2815
VERTICAL DATA
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 *2.484 52.11 Pk 32.1 -20.3 0 63.91 - - 74 -10.09 147 380 A
2 *2.484 54.07 Pk 32.1 -20.3 0 65.87 - - 74 -8.13 147 380 A
3 *2.484 40.78 RMS 321 -20.3 0 52.58 54 -1.42 - - 147 380 A
4 *2.484 40.9 RMS 321 -20.3 0 52.7 54 -1.3 - - 147 380 A
Page 104 of 136
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: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL HORIZONTAL

I ~UL Fremont,5m Chomber B 23 Oct 2B15 22:308:57
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client Microsoft
Config:EUT + AC Adapter
Mode:DTS_2. 4_HARM_11g_HT28_2412_MIMO
g5 Tested by:R.A
a5
Peaok Limit CdBulU/m)
75
2 ‘
~
3 65 |
[as)
o ~
2 Avg Limit CdBuU/m) l
55 |
|
|
45 624
WM 3
o A
35 ) ” - ““rﬁm qu..u Ly S
25
1 14 18
Frequency (GHz)
Range (@) RRUABU  Ref/fitn Dt/Avg Tupe Sueop Pla #owps/fods Position Range (G REWURI  Ref/Attn  Det/Avg Type Seeep Pts Foups/ods Position
1143 1H-6d8) /38 G718 PEAK/Par Avg(RNS)  T7msec(huto) 6031 HAXH B-360deg 3318 WCEE)/38  B1/8 FERK/Fur Mvg(RHS)  STdnsec(huto) 18k HA 8-36Adegs H
FCC Port!S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

LOW CHANNEL VERTICAL

<UL Fremont,5m Chamber B 23 Oct 2815 22:30:57
Rodioted Emissions 3-Meters

— ET?J&@ Nunber | 15021746
fent :Microsoft

Config:EUT + AC Adapter

Mode:DTS_2. 4_HARM_11g_HT28_2412_MIMO

95 Tested by:R.A

11

85

Peak Limit (dBulU/m)
75

65

(dBul/m)

Avg Limit (dBuU/m)

55

0~

45

ool

35

25

Frequency (GHz)

Range (62 ROUABU  Ref/fitn Det/Avg Type Sueep Pls  fowps/fode Position Range (6Hz) REWABW  Ref/Aten  Dot/Avg Tupe Sueep Pts ¥5ups/Mlode Fosition

FCC Parti5 Subpart C 2.4GHz RSE.TST 36915 16 Jun 2815 Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

LOW CHANNEL DATA

Frequency Meter Det AF T345 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) Limit (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m) (dBuv/m)
*2.261 40.73 PK2 314 -24.3 0 47.83 - - 74 -26.17 209 105 H
*2.261 34.85 MAv1 314 -24.3 0 41.95 54 -12.05 - - 209 105 H
*2.261 39.03 PK2 314 -24.3 0 46.13 - - 74 -27.87 209 105 H
*2.261 35.64 MAv1 314 -24.3 0 42.74 54 -11.26 - - 209 105 H
*2.261 43.95 PK2 314 -24.3 0 51.05 - - 74 -22.95 236 124 Vv
*2.261 39.6 MAv1 314 -24.3 0 46.7 54 -7.3 - - 236 124 Vv
2.028 36.22 PK2 322 -24.4 0 44.02 - - - - 214 109 H
6.029 33.33 PK2 35.6 -31.3 0 37.63 - - - - 161 200 \
6.555 33.37 PK2 35.9 -30.4 0 38.87 - - - - 188 205 H
10.407 28.84 PK2 37.4 -25.4 0 40.84 - - - - 220 187 \
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

MID CHANNEL HORIZONTAL

' <UL Fremont,5m Chamber B 23 Oct 2815 23:07:06
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client:Microsoft
Config:EUT + AC Adapter
Made:DTS_2.4_HARM_11g_HT28_2437_MIMO
95 Tested by:R.A
Bl:
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
fus]
o
~ Avg Limit (dBuU/m) J
5|:
‘ 4 ol
35 A %Mﬂ? gt bl
o5
1 18 18
Frequency (GHz)
Ronge (6H) REU/UB  Ref/Attn Dst/Avg Tupe Suecp Plo  ¥oups/fode FPasition Range (Gliz) REWABH  Ref/Attn  Det/Avg Type Secop Pts  Foups/flods  Position
13 HC-6d8)/3k 167718 PEAK/Par Avg(RHS)  7Tnsec(Puto) 6681 HAXH B-38degs H | 3:3-18 HC-6B)/38  BI/B  PERK/Par Avg(RHS)  STnsec(uto) I8k MY 8-368degs H
FCC Port1S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

MID CHANNEL VERTICAL

<UL Fremont,5m Chamber B 23 Oct 2815 23:07:06
Rodioted Emissions 3-Meters

— ET?J&@ Nunber | 15021746
fent :Microsoft

Config:EUT + AC Adapter

Mode :DTS_2. 4_HARM_11g_HT28_2437_MIMO

95 Tested by:R.A

11

85

Peak Limit (dBulU/m)
75

65

(dBul/m)

Avg Limit (dBuU/m)

55

"
om

45 &

(s]oV)

35

25

Frequency (GHz)

Range (62 ROUABU  Ref/fitn Det/Avg Type Sueep Pls  fowps/fode Position Range (6Hz) REWABW  Ref/Aten  Dot/Avg Tupe Sueep Pts ¥5ups/Mlode Fosition

FCC Parti5 Subpart C 2.4GHz RSE.TST 36915 16 Jun 2815 Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.

Page 109 of 136

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: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

MID CHANNEL DATA

Frequency Meter Det AF T345 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) Limit (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m) (dBuv/m)
*4.871 38.59 PK2 34.2 -32.4 0 40.39 - - 74 -33.61 282 227 H
*4.871 32.13 MAv1 34.2 -32.4 0 33.93 54 -20.07 - - 282 227 H
*4.873 38.16 PK2 342 -32.4 0 39.96 - - 74 -34.04 59 157 Vv
*4.873 31.46 MAv1 342 -32.4 0 33.26 54 -20.74 - - 59 157 Vv
1.997 36.15 PK2 323 -24.5 0 43.95 - - - - 285 221 H
2.01 36.27 PK2 323 -24.5 0 44.07 - - - - 276 200 Vv
6.496 333 PK2 35.8 -30.3 0 38.8 - - - - 250 193 H
12.751 28.16 PK2 38.7 -24.1 0 42.76 - - - - 187 250 \
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

HIGH CHANNEL HORIZONTAL

' <UL Fremont,5m Chamber B 23 Oct 2815 23:49:16
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client:Microsoft
Config:EUT + AC Adapter
Made:DTS_2.4_HARM_11g_HT28_2462_MIMO
95 Tested by:R.A
Sl:
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
fus]
o
~ Avg Limit (dBuU/m) !
5|:
45 } \ )
‘ o 5
WWWM ! B A
35 . " | m\"ﬂc‘ Aru..w'" iaxsl ol
o5
1 18 18
Frequency (GHz)
Ronge (6H) REU/UB  Ref/Attn Dst/Avg Tupe Suecp Plo  ¥oups/fode FPasition Range (Gliz) REWABH  Ref/Attn  Det/Avg Type Secop Pts  Foups/flods  Position
13 HC-6d8)/3k 167718 PEAK/Par Avg(RHS)  7Tnsec(Puto) 6681 HAXH B-38degs H | 3:3-18 HC-6B)/38  BI/B  PERK/Par Avg(RHS)  STnsec(uto) I8k MY 8-368degs H
FCC Port1S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

HIGH CHANNEL VERTICAL

<UL Fremont,5m Chamber B 23 Oct 2815 23:49:16
Rodioted Emissions 3-Meters

— ET?J&@ Nunber | 15021746
fent :Microsoft

Config:EUT + AC Adapter

Mode:DTS_2. 4_HARM_11g_HT28_2462_MIMO

95 Tested by:R.A

11

85

Peak Limit (dBulU/m)
75

65

(dBul/m)

Avg Limit (dBuU/m)

55

aw
an

45

FOn
oo

35

25

Frequency (GHz)

Range (62 ROUABU  Ref/fitn Det/Avg Type Sueep Pls  fowps/fode Position Range (6Hz) REWABW  Ref/Aten  Dot/Avg Tupe Sueep Pts ¥5ups/Mlode Fosition

FCC Parti5 Subpart C 2.4GHz RSE.TST 36915 16 Jun 2815 Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.

Page 112 of 136

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: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

HIGH CHANNEL DATA

Frequency Meter Det AF T345 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) Limit (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m) (dBuv/m)
*2.291 38.84 PK2 315 -24.3 0 46.04 - - 74 -27.96 25 252 \
*2.29 32.27 MAv1 315 -24.3 0 39.47 54 -14.53 - - 25 252 \
*4.729 36.78 PK2 343 -30.7 0 40.38 - - 74 -33.62 308 253 H
*4.728 29.99 MAv1 343 -30.8 0 33.49 54 -20.51 - - 308 253 H
*4.744 36.94 PK2 343 -30.7 0 40.54 - - 74 -33.46 291 303 Vv
*4.744 30.27 MAv1 343 -30.7 0 33.87 54 -20.13 - - 291 303 Vv
2.045 36.36 PK2 321 -24.5 0 43.96 - - - - 265 203 Vv
6.427 33.64 PK2 35.7 -31 0 38.34 - - - - 250 197 H
7.092 32.47 PK2 35.6 -29.5 0 38.57 - - - - 242 205 \
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

10.2.4. TX ABOVE 1 GHz 802.11n HT20 MODE IN THE 2.4 GHz BAND

RESTRICTED BANDEDGE (LOW CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

IZ:UL Fremont,5m Chomber A 22 Oct 2815 23:22:33
Restricted Bondedge
= Project Number; 15021746
H Cl ient ;MICROSOFT
Config:EUT w/ Laptop
Mode:DTS 2.4 BE H 11n HT2B 2412
195 Tested by:A. Escanilla
i, i
95 J4
W”MWW
o / [
N Peak Limjt CdBuU/m) /\/
375 //
us]
S
65 Wil
55 Average Limit (dBuUym) /
MM
ol PR :"M | WW ,@’M
yc R o e
et
35
2. 31 18 .5MH=/ 2.415
Frequency (GHz)
Range (6Hz) REU/UBU  Ref/Attn Det/fvg Tups Secep Pls  #ups/fods Position Range (Ghi) REMUBN  Ref/Attn Det/Avg Type Sucep Pts  #Sups/fode Fosition
1:2.31=2.415 1M(-6dB) /3M 187/18 PEAK/Pur Avg(RMS)  2Bmsec(futo)  BEEI MAXH 298 degs 169 2:2.31=2.41 1MC-6dB)/3M 187/18 WER/Plar Avg(RMS. 2Bmsec(huto) 801 188TAVG 298 degs 169 cn
Low CH Bandedgs ~ H.TST 38915 12 Jun 2015 Rev 9.5 24 Jun 2815
HORIZONTAL DATA
Marker Frequency Meter Det AFT136 Amp/Cbi/Fit DC Corr (dB) Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GH2) Reading (dB/m) +/Pad (dB) Reading Limit (dB) (dBuv/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m) (dBuV/m)
2 *2.389 49.88 Pk 32 -20.1 0 61.78 - - 74 -12.22 290 169 H
1 *2.39 48.48 Pk 32 -20.2 0 60.28 - - 74 -13.72 290 169 H
3 *2.39 34.74 RMS 32 -20.2 A1 46.65 54 -7.35 - - 290 169 H
4 *2.39 35.59 RMS 32 -20.2 A1 47.5 54 -6.5 - - 290 169 H
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

VERTICAL PEAK AND AVERAGE PLOT

| o5Ul_Fremont, S Chamber A 22 Oct 2815 23:16:53
Restricted Bondedge
- Project Number: 15021746
I Client MICROSOFT
Config:EUT w/ Laptop
Mode:DTS_2.4_BE_U_11n_HT2B_2412
185 Tested by:A. Escomilla
'mwrwm
95 vr
= /
& f
N Peak Limit CoBulU/m) /
> 75 I
3 ]
o
° ..,,M/
65 2 . et
ssl..fverage Limit (dBulim) MM
, PRTTIRY i | &
e Db bl TTTAROR WO TIORN | Ww bl ool f ! ;
35
2. 31 18.5MH=z/ 2.415
Frequency (GHz)
Range (6Hz) REU/UBY Ref/Attn  Det/Avg Type Pis #Gups/Mode Position Ronge (GHz) RBL/UBM Ref/fttn  Det/Avg Type Suep Pts #5Sups/Mode  Position
2.31=2.415 M(-6dB) /3M @7/18 PEAK/Pur AygCRNS 2] MAXH 234 degs 170
Low CH Bandedge - U.TST 38915 12 Jun 2815 Rev 8.5 24 Jun 2815
VERTICAL DATA
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 (8) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m) (dBuv/m)
2 *2.388 52.56 Pk 32 -20.2 0 64.36 - - 74 -9.64 234 170 Vv
1 *2.39 49.23 Pk 32 -20.2 0 61.03 - - 74 -12.97 234 170 Vv
3 *2.39 385 RMS 32 -20.2 11 50.41 54 -3.59 - - 234 170 v
4 *2.39 39.01 RMS 32 -20.2 11 50.92 54 -3.08 - - 234 170 v
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

AUTHORIZED BANDEDGE (HIGH CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

~UL Fremont,5m Chomber A 22 Oct 2815 23:38:31

Restricted Bondedge

- Project Number: 15021746

1 Client MICROSOFT

ConfigiEUT w/ Laptop
Made:DTS 2.4 BE_H_11n_HT2B_2462

185 Tested by:A. Escomil la

g5

85

75 \\\ Peak Limit C(dBul
\

65 \\\J

” M

CdBul/m)

/

grerage Limit CdBulU/m)

45
35
2.46 8. 3MH=/ 2.563
Frequency (GHz)
Range (GHz) REU/UBW  Ref/ftin Det/fvg Tuype Sueep Pls  Foups/fode Fosition Range (GHz) RBU/BU  Ref/Attn Det/Avg Type Sueep Pts ¥5ups/Mode Position
1:2.46-2.563 1HC-6B) /3 167/18 PEAK/Pir Avg(RNS)  2Bnsec(futo) 8881  MAXH 262 degs 190 | 2:2.4672.563 1MC-68)/3M 167/10 AUER/Pir Avg(RHS)  2Omsec(huto) 801  1BBTAUG 262 degs 190 cn

High CH Bondedge — H.TST 38915 12 Jun 2815 Rev 8.5 24 Jun 2815

HORIZONTAL DATA

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 *2.484 46.48 Pk 321 -20.3 0 58.28 - - 74 -15.72 262 190 H
2 *2.484 47.2 Pk 321 -20.3 0 59 - - 74 -15 262 190 H
3 *2.484 33.29 RMS 32.1 -20.3 A1 45.2 54 -8.8 - - 262 190 H
4 *2.484 33.92 RMS 32.1 -20.3 11 45.83 54 -8.17 - - 262 190 H
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

VERTICAL PEAK AND AVERAGE PLOT

| 0L Fremont, 5m Chamber A 22 Oct 2815 23:30:29
Restricted Bondedge
- Project Number: 15021746
I Client MICROSOFT
Config:EUT w/ Laptop
Mode:DTS_2.4_BE_U_11n_HT28_2462
185 Tested bg:A. Escamilla
i Mook
g5 ly
85 4
o \
N Peck Limit (dBulU/in)
3 75 \
[ \
. S
"y
éf'wemge Limit CdBuU/m)
55 o 0
g A Mg Moo e "‘-th'“ bbbt dbssd Lokl bl
a5 ; ol b
35
2.46 8. 3MH=/ 2.563
Frequency (GHz)
Range (6Hz) REU/UBY Ref/Attn  Det/Avg Type Suzep Pis #Gups/Mode Position Ronge (GHz) RBL/UBM Ref/fttn  Det/Avg Type Suep Pts #5Sups/Mode  Position
2.4622 563 M(-6dB) /M B7/18  PEAK/Pur Avg(RNS)  2Bnssc(futo) GAAI  MAKH 237 degs 167
High CH Bondedge - U.TST 308915 12 Jun 2815 Rev 8.5 24 Jun 2815
VERTICAL DATA
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 *2.484 484 Pk 321 20.3 0 60.2 - - 74 -13.8 237 167 v
2 *2.484 50.09 Pk 32.1 203 0 61.89 - - 74 1211 237 167 v
3 *2.484 35.42 RMS 321 203 11 47.33 54 -6.67 - - 237 167 v
4 *2.484 36.05 RMS 321 203 11 47.96 54 -6.04 - - 237 167 v
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL HORIZONTAL

I ~UL Fremont,5m Chomber B 24 Oct 2B15 B8@:37:20
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client Microsoft
Config:EUT + AC Adapter
Mode :BTS_2.4_HARM_11n HT28_2412_MIMO
95 Tested byiR.A
a5
Peaok Limit CdBulU/m)
75
‘e
~
3 65
[as)
o ~
z Avg Limit (dBuU/m)
5|:
( I
45 " ,
MWM Moo’ 5 2
L L
35 é A TR Ty WWW"
b
25
1 14 18
Frequency (GHz)
Range (@) RRUABU  Ref/fitn Dt/Avg Tupe Sueop Pla #owps/fods Position Range (G REWURI  Ref/Attn  Det/Avg Type Seeep Pts Foups/ods Position
1143 1H-6d8) /38 G718 PEAK/Par Avg(RNS)  T7msec(huto) 6031 HAXH B-360deg 3318 WCEE)/38  B1/8 FERK/Fur Mvg(RHS)  STdnsec(huto) 18k HA 8-36Adegs H
FCC Port!S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

LOW CHANNEL VERTICAL

<UL Fremont,5m Chamber B 24 Oct 2815 B88:37:20
Rodioted Emissions 3-Meters

— ET?J&@ Nunber | 15021746
fent :Microsoft

Config:EUT + AC Adapter

Mode:DTS_2. 4_HARM_11n_HT28_2412_MIMO

95 Tested by:R.A

11

85

Peak Limit (dBulU/m)
75

65

(dBul/m)

Avg Limit (dBuU/m)

55

w
45 3

o

35

25

Frequency (GHz)

Range (62 ROUABU  Ref/fitn Det/Avg Type Sueep Pls  fowps/fode Position Range (6Hz) REWABW  Ref/Aten  Dot/Avg Tupe Sueep Pts ¥5ups/Mlode Fosition

FCC Parti5 Subpart C 2.4GHz RSE.TST 36915 16 Jun 2815 Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

LOW CHANNEL DATA

Frequency Meter Det AF T345 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) Limit (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m) (dBuv/m)
*2.261 40.34 PK2 314 -24.3 0 47.44 - - 74 -26.56 207 128 H
*2.261 34.54 MAv1 314 -24.3 11 41.75 54 -12.25 - - 207 128 H
*2.261 42.48 PK2 314 -24.3 0 49.58 - - 74 -24.42 242 117 Vv
*2.261 37.75 MAv1 314 -24.3 A1 44.96 54 -9.04 - - 242 117 Vv
1.904 36.23 PK2 31.8 -24.6 0 43.43 - - - - 165 206 Vv
3.314 33.77 PK2 32.8 -32.6 0 33.97 - - - - 145 210 H
6.562 33.28 PK2 35.9 -30.4 0 38.78 - - - - 148 213 Vv
7.81 31.94 PK2 35.5 -28.7 0 38.74 - - - - 142 230 H
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

MID CHANNEL HORIZONTAL

' <UL Fremont,5m Chamber B 24 Oct 2815 B1:13:42
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client:Microsoft
Config:EUT + AC Adapter
Mode:DTS_ 2.4 HARM_11n_HT28_2437_MIMO
95 Tested by:R.A
Bl:
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
fus]
o
~ Avg Limit (dBuU/m) {\
5|:
45 1 1{ k M
| d e i
‘ 4 2 Pl w
BKU el PN, WY MWW
WO Y
o5
1 18 18
Frequency (GHz)
Ronge (6H) REU/UB  Ref/Attn Dst/Avg Tupe Suecp Plo  ¥oups/fode FPasition Range (Gliz) REWABH  Ref/Attn  Det/Avg Type Secop Pts  Foups/flods  Position
13 HC-6d8)/3k 167718 PEAK/Par Avg(RHS)  7Tnsec(Puto) 6681 HAXH B-38degs H | 3:3-18 HC-6B)/38  BI/B  PERK/Par Avg(RHS)  STnsec(uto) I8k MY 8-368degs H
FCC Port1S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.

Page 121 of 136

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: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

MID CHANNEL VERTICAL

<UL Fremont,5m Chamber B 24 Oct 2815 B1:13:42
Rodioted Emissions 3-Meters

— ET?J&@ Nunber | 15021746
fent :Microsoft

Config:EUT + AC Adapter

Mode:DTS_2. 4_HARM_11n_HT28_2437_MIMO

95 Tested by:R.A

11

85

Peak Limit (dBulU/m)
75

65

(dBul/m)

Avg Limit (dBuU/m)

55

45

OiR
2O
oM

35

25

Frequency (GHz)

Range (62 ROUABU  Ref/fitn Det/Avg Type Sueep Pls  fowps/fode Position Range (6Hz) REWABW  Ref/Aten  Dot/Avg Tupe Sueep Pts ¥5ups/Mlode Fosition

FCC Parti5 Subpart C 2.4GHz RSE.TST 36915 16 Jun 2815 Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

MID CHANNEL DATA

Frequency Meter Det AF T345 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) Limit (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m) (dBuv/m)

*4.825 32.72 PK2 343 -31.6 0 35.42 - - 74 -38.58 14 206 H
*4.825 29.06 MAv1 343 -31.6 11 31.87 54 -22.13 - - 14 206 H
*4.738 34.33 PK2 343 -30.7 0 37.93 - - 74 -36.07 137 168 Vv
*4.737 30.82 MAv1 343 -30.7 A1 34.53 54 -19.47 - - 137 168 Vv
2 36.44 PK2 323 -24.5 0 44.24 - - - - 153 209 Vv
2.02 36.12 PK2 322 -24.4 0 43.92 - - - - 177 195 H
6.369 33.81 PK2 35.6 -31.6 0 37.81 - - - - 156 201 H
9.953 29.29 PK2 37.1 -26.2 0 40.19 - - - - 103 213 Vv
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

HIGH CHANNEL HORIZONTAL

| WEUL Fremont,5m Chomber B 24 Oct 2815 B1:44:31
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client:Microsoft
Config:EUT + AC Adapter
Mode:DTS_ 2.4 HARM_11n_HT28_2462_MIMO
95 Tested by:R.A
8|:
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
fus]
o
~ Avg Limit (dBuU/m)
5|:
“® W“ ip——y
ROTIY
WM 36 e
s P
35 o D R, nmww bt
o v
o5
1 18 18
Frequency (GHz)
Ronge (6H) REU/UB  Ref/Attn Dst/Avg Tupe Suecp Plo  ¥oups/fode FPasition Range (Gliz) REWABH  Ref/Attn  Det/Avg Type Suop Pts  Foups/flods  Position
13 HC-6d8)/3k 167718 PEAK/Par AvaRHS)  Auto 6l HAH B-38degs H | 3:3-18 C-6B)/38 BB PERK/Pur AvgRHS)  Auto 16k HAXH 8-368degs H
FCC Port1S Subpart C 2.46Hz RSE.TST 38915 16 Jun 2815 Rev 9.5 24 Jun 2815

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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REPORT NO: 15U21746-E3V2 DATE: DECEMBER 8, 2015
MODEL: 1688

HIGH CHANNEL VERTICAL

<UL Fremont,5m Chamber B 24 Oct 2815 B1:44:31
Rodioted Emissions 3-Meters

— ET?J&@ Nunber | 15021746
fent :Microsoft

Config:EUT + AC Adapter

Mode:DTS_2. 4_HARM_11n_HT28_2462_MIMO

95 Tested by:R.A

11

85

Peak Limit (dBulU/m)
75

65

(dBul/m)

Avg Limit (dBuU/m)

55

45 o)

0uUl

35

25

Frequency (GHz)

Range (62 ROUABU  Ref/fitn Det/Avg Type Sueep Pls  fowps/fode Position Range (6Hz) REWABW  Ref/Aten  Dot/Avg Tupe Sueep Pts ¥5ups/Mlode Fosition

FCC Parti5 Subpart C 2.4GHz RSE.TST 36915 16 Jun 2815 Rev 9.5 24 Jun 2615

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor which was
at least 20dB below the specification limit.
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HIGH CHANNEL DATA

Frequency Meter Det AF T345 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) Limit (dB) (Degs) (cm)
(dBuv) (dB) (dBuv/m) (dBuv/m)

*4.743 34.55 PK2 343 -30.7 0 38.15 - - 74 -35.85 132 201 H
*4.742 30.84 MAv1 343 -30.7 11 34.55 54 -19.45 - - 132 201 H
*4.733 37.67 PK2 343 -30.7 0 41.27 - - 74 -32.73 64 224 Vv
*4.736 30.62 MAv1 343 -30.7 A1 34.33 54 -19.67 - - 64 224 Vv
1.88 36.77 PK2 31.6 -24.6 0 43.77 - - - - 20 198 Vv
2.035 35.28 PK2 322 -24.5 0 42.98 - - - - 40 206 Vv
4.45 34.87 PK2 339 -30.8 0 37.97 - - - - 57 196 H
7.023 36.9 PK2 35.9 -30.5 0 42.3 - - - - 60 217 \
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10.3. WORST-CASE BELOW 1 GHz

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

HORIZONTAL PLOT
9:UL Fremont,5m Chamber A 29 Sep 2015 18:58:09
Radioted Emissions - 3 Meters
= Project Number: 15021746
8 Client:MICROSOFT
Canfig EUT + AC Adapter
Mode:DTS_Below 1GHz
75 Tested by:6. Escano
6|:
55
: ]
~
> 4l:
5 (€ S | W1V P}
@
o
~ 4
35 3
25 : “4Lw
1 5
5
38 188 18808
Frequency (MH2)
Range () REUABN  Ref/Attn  Dst/Avg Tupe Sueep Fis  Fops/fode Position Range () REWAURI  Ref/Attn  Det/Avg Type Swmp Plo Foups/lode  Position
1:38-200 12B<(6B)/1M 97/18 PEAK/LogPur-Video fnsec(huta) 4081 HAMH B-360degs H | 3:208-1808 128680/ I/IB  PERK/LogPar-Videa Jmsec(huto)  E0B1  PAH 8 3Adegs H
FCC Port 15 Subpart C 38-1888MHz TST 38315 15 Jul 2814 Rev 9.5 24 Jun 2815
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SPURIOUS EMISSIONS 30 TO 1000 MHz (WORST-CASE CONFIGURATION, VERTICAL)

VERTICAL PLOT

9:UL Fremont,5m Chomber A 29 Sep 2815 18:58:09
Rodioted Emissions - 3 Meters
Project Number: 15021746
85 C1'fent {MICROSOFT
Config:EUT + AC Adapter
Mode:DTS_Below 1GHz
75 Tested by:6. Escano
65
55
: |
~
3 45 APk i e TdB Ll ma
[as}
Z
3C
2|: o “ E) -
P, 3 .l‘wl‘q [\\ ww WW"“
iy Ty .H\L,’v‘v‘ 1\'H A M)M.,n ¥ ;
15 Mg e, i W, w“v"’ﬁ'ylﬁl“‘l "‘fvm".‘bwt ol Wb
Mol S ‘“.‘nm\'r‘w,h.‘.'u‘y‘,xr Lty
5
38 186 18688
Frequency (MHz)
Foge OF)  RANB T Ref/in Det/h T Sueop Pia " Fipe/lode Fosivion Foge O FBUUB ~ Ref/Hin Det/is Ture Swsp Pl Haelfok Fosition
) : ] Al r , c X leg: 4 (; Mooy K/LC il u L HAY 36 )
FCC Part 15 Subpart C 38-1888MHz TST 38915 (5 Jul 2814 Rev 9.5 24 Jun 2815
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Below 1G Data
Trace Markers

Marker Frequency Meter Det AF T477 Amp/Cbl Corrected QPk Limit Margin Azimuth Height Polarity
(MHz) Reading (dB/m) (dB/m) Reading (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
1 *124.945 38.21 Pk 17.8 -30.4 25.61 43.52 -17.91 0-360 199 H
4 * 264 48.89 Pk 16.6 -29.6 35.89 46.02 -10.13 0-360 101 H
6 *400 33.41 Pk 19.6 -29.1 23.91 46.02 -22.11 0-360 101 \
5 79.3 40.07 Pk 11.5 -30.7 20.87 40 -19.13 0-360 101 \
2 161.24 39.26 Pk 16.2 -30.1 25.36 43.52 -18.16 0-360 100 H
3 187.3775 40.78 Pk 15.1 -30 25.88 43.52 -17.64 0-360 100 H

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

Radiated Emissions

Frequency Meter Det AF T477 Amp/Cbl Corrected QPk Limit Margin Azimuth Height Polarity
(MHz) Reading (dB/m) (dB/m) Reading (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
*124.7631 26.82 Qp 17.8 -30.4 14.22 43.52 -29.3 65 187 H
*264.0384 48.45 Qp 16.6 -29.6 35.45 46.02 -10.57 165 110 H
*399.9942 30.46 Qp 19.6 -29.1 20.96 46.02 -25.06 213 138 \"
79.2952 34.86 Qp 11.5 -30.7 15.66 40 -24.34 76 122 Vv
161.3619 30.37 Qp 16.2 -30.1 16.47 43.52 -27.05 150 162 H
187.3804 38.75 Qp 15.1 -30 23.85 43.52 -19.67 196 133 H
* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Qp - Quasi-Peak detector
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11. AC POWER LINE CONDUCTED EMISSIONS

LIMITS

FCC §15.207 (a)

RSS-Gen 8.8
Frequency of Emission (MHz) Conducted Limit (dBuV)
Cuasi-peak Average
0.15-0.5 B tor 56 560 to 46
0.5-5 56 46
5-30 G0 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.
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RESULTS

6 WORST EMISSIONS

LINE 1 PLOT
1QEUL Fremont, CA CE Room 22 Sep 2@15 #9:23:56
Conducted RFI Uoltage
92 1720 Moo rosart
Mode | /Device: EUT+AC Adapter (UNII)
Test Uolt/Freq:!28U/68H
a2 Test By:J. Ko
72
- B2
E 52\\ CFR--4 ot 5 Gl B-Aig
3 f\ B
5 4 [l
o |
2 [
32 f T
WWWMWWMW
11N |
o | L
12 N
'
15 1 38
Frequency (MHz)
; TET%; CHHz) %[?Egél}}?% R;g;?étn EE;:AVB Node ‘S;:egkﬂ Eé§5 #15% Ronge (MHz) REl/UBL Ref/Attn  Det/Avg Mode Sueep Pts  #Sups/H|
FCCIS CE Close B 15BkHz-38MHz Stepping.TST 1| 14 Moy 2815 Rev 0.5 26 Moy 2815
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REPORT NO: 15U21746-E3V2

MODEL: 1688

DATE: DECEMBER 8, 2015

Range 1: Line-L1 .15 - 30MHz

LINE 1 RESULTS

Marker Frequency Meter Det T24 1L L1 LC Cables Corrected CFR 47 Margin CFR 47 Margin
(MHz) Reading 1&3 Reading Part 15 (dB) Part 15 (dB)
(dBuVv) dBuv Class B QP Class B
Avg
1 .186 50.03 Pk 1 0 51.03 64.21 -13.18
2 .1905 31.04 Av 1 0 32.04 - - 54.01 -21.97
3 5.9145 40.71 Pk 2 1 41.01 60 -18.99
4 5.9325 25.1 Av .2 1 25.4 - - 50 -24.6
5 7.9485 41.43 Pk .2 1 41.73 60 -18.27
6 7.944 27.13 Av 2 1 27.43 - - 50 -22.57
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LINE 2 PLOT
1QEUL Fremont, CA CE Roaom 22 Sep 2815 H9:23:56
Conducted RFI Uaoltoge
%2 152t Nome Hiroaaft
Mode | /Device: EUT+AC Adapter C(UNIID
Test Uolt/Freq:!128U/68H
a2 Test By:J. Ko
72
~B2
E ——
oos2 F Al Portt b5 Ehass B fig
> 7 T ——
E o :
© o4z 2 il
32 5
g Wca o
] ——
o T e H T TV S LA S S e e S 1 B S B S
15 1 1a 38
Frequency (MHz)
Range =3 REU/UBY Ref7Attn  Det/fvg Mode Somep Pl ¥ou]  Ronge () REW/URU Ref/Attn  Det/fvg Mode Sueep Pl Toupa/M
FCciS CE Class B 15BkHz—38MHz Stepping.TST | 14 May 2815 Rev 9.5 26 Moy 2815
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LINE 2 RESULTS
Range 2: Line-L2 .15 - 30MHz

Marker Frequency Meter Det T24 1L L2 LC Cables Corrected CFR 47 Margin CFR 47 Margin
(MHz) Reading 283 Reading Part 15 (dB) Part 15 (dB)
(dBuVv) dBuv Class B QP Class B
Avg
7 .186 45.45 Pk 1.1 0 46.55 64.21 -17.66
.1905 23.02 Av 1.1 0 24.12 - - 54.01 -29.89
9 5.9235 43.39 Pk 2 1 43.69 60 -16.31
10 5.9235 26.31 Av .2 1 26.61 - - 50 -23.39
11 8.061 41.79 Pk .2 1 42.09 60 -17.91
12 8.061 26.95 Av 2 1 27.25 - - 50 -22.75
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