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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 15 - 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 lIssue 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:
CHOON OO0l JONATHAN HSU
CONSUMER TECHNOLOGY DIVISION CONSUMER TECHNOLOGY DIVISION
PROJECT LEAD LAB ENGINEER
UL VERIFICATION SERVICES INC UL VERIFICATION SERVICES INC
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2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with FCC CFR 47 Part 2, FCC CFR 47
Part 15, 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)
X] 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)

36.5 dBuV + 18.7 dB/m + 0.6 dB — 26.9 dB = 28.9 dBuV/m

4.3. MEASUREMENT UNCERTAINTY

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

PARAMETER UNCERTAINTY
Conducted Disturbance, 0.15 to 30 MHz +3.52dB
Radiated Disturbance, 30 to 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%.

Page 6 of 60

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-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

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 peak conducted output power as follows:

Frequency Mode Output Power | Output Power
Range (dBm) (mW)
(MHz)

2402-2480 BLE 5.38 3.45

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes an FPCB antenna, with a maximum gain of 5.3dBi.

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. 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.
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5.6. DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT

Laptop Lenovo X1 Carbon N/A N/A
AC Adapter Microsoft 1623 0D130B03GDE54 N/A
1/0 CABLES

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

TEST SETUP
EUT was set in the BLE mode to enable BLE communications.
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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, 1GHz - 18GHz Miteq NSP4000-SP2 (924343 |03/23/16
RF Preamplifier, 1GHz - 26.5GHz HP 84498 T404 06/29/16
AC Power Supply, 2,500VA 45-500Hz |Elgar-Ametek CW2501M FO00013 [CNR

RF Preamplifier, 1GHz - 40GHz Miteq NSP4000-SP2 [C00990 |08/20/16
Attenuator / Switch driver HP 11713A F00204 [CNR
Low Pass Filter 5GHz Micro-Tronics LPS17541 F00219 [05/23/16
High Pass Filter 6GHz Micro-Tronics HPS17542 F00222 [05/22/16
| High Pass Filter 3GHz Micro-Tronics HPM17543 F00224 [05/22/16

Test Software List

Description Manufacturer Model Version
Radiated Software UL UL EMC Version 9.5, 07/22/14
Conducted Software UL UL EMC Version 9.5, 05/17/14

CLT Software UL UL RF Version 1.0, 02/02/15
Antenna Port Software UL UL RF Version 2.1.1.1, 1/20/15
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7. SUMMARY
FCC Part RSS Test Description Test Limit Test Test Worst Case
Section | Section(s) Condition | Result
15.247 RSS-247 . .
Occupied Band width (6dB >500KHz Pass 0.682 MHz
@e | s2() i o0
2.1051, RSS-247 Banq Edge / @opducted 20dBc Pass 48.9 B
15.247 (d) 5.5 Spurious Emission
RSS217 Conducted
15.247 5.4 () TXconducted output power <30dBm Pass 5.38 dBm
jsoa7 | PSS \ogpy <8dBrm Pass | -0.08dBm
5.2 (2)
15207 (a) | MO GEN |G Power Line conducted Section 10 Pass | 47.00BuV(PK)
8.8 emissions Radiated
19205 RSS-GEN Radiated Spurious Emission < 54dBuV/m Pass | 44.28dBuV/m
15.209 8.9
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ANTENNA PORT TEST RESULTS
8.1. 6 dB BANDWIDTH

FCC §15.247 (a) (2)
IC RSS-247 5.2.1

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

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The RBW is set to 100 kHz and the VBW is
set to 300 kHz. The sweep time is coupled.

RESULTS
Channel Frequency | 6 dB Bandwidth | Minimum Limit
(MHz) (MHz) (MHz)
Low 2402 0.682 0.5
Middle 2440 0.676 0.5
High 2480 0.706 0.5
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6 dB BANDWIDTH PLOTS

LOW CHANNEL

3% Agilent 13:54:29 Sep 15, 2615 L Freg/Channel

APw3.3(880515),J5, Conducted B a Mkrl B82 kHz Center Freq

Egéa}q@.g dBm #Atten 18 dB B.889 4B 5 16000006 Gl

Log 1R— - e —1

16 o o Start Freq

dB/ 240100000 GHz

Offst

ég'g Stop Freq

0l 240308000 GHz

e CF Step
200000000 kH=z

#FHvg Auto Man

21

vl 52 Freq Offset

53 FS 0.00000000 Hz

AA

£ty .

) Signal Track
{50k 0 e
Swp f —
Center 2.402 B08 GHz Span 2 MHz
#Res BH 106 kHz #\/BH 308 kHz Sweep 1 ms (1801 pts)

I
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MID CHANNEL

2 Agilent 13:46:35 Sep 15, 2015 L Amplitude

APy3.3(B8A515),J5, Conducted B a Mkrl 676 kHz Ref L |

Ref 10.9 dBm #Atten 10 dB 0.179 dB erLeve

wPeak 18,98 dBm

L .

T > el Attenuation

Y 10.60 dB

Offst Auto Man

129 Scale/Div
16868 dB

Ol |

—2.B

dBm Scale Type

#PAvy Log Lin

20

Y1 S2

33 FS Presel Center

AA

£ ' Presel Ad just

e>5 [Ref Level 326 Glialb

swp 110.90 dBm 0.000 Hz

Center 2.440 600 GHz Span 2 MHz 1”’;'{ %

#fes BW 108 kHz #\BH 300 kHz Sweep 1 ms (1081 pts)
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HIGH CHANNEL
# Agilent 14:03:68 Sep 15, 2015 L [Freg/Channel
AFw3.308568515),J5, Conducted B a Mkrl 786 kHz Center Fregq
Eggat@.ﬁ dBm #Atten ﬁ@ dB -B.132 dB 5 15060008 GHa
Log 1R 1
14 LY e StartFreq
dB/ 247908000 GHz
Offst
ég'g Stop Freq
0l 2481000060 GHz
o CF Step
2B0.0R60AE kHz
#PHvg Auto Man
21
vl 52 Freq Offset
53 FS 0.00000000 Hz
AR

E(f): .

® Signal Track
50k 0 oFf
Swp f —
Center 2.488 008 GHz Span 2 MHz

#hes BHW 100 kHz

#WVEH 300 kHz

Sweep 1 ms (1081 pts)
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8.2. 99% BANDWIDTH

None; for reporting purposes only.

TEST PROCEDURE

Reference to KDB558074 D01 DTS Meas Guidance v03r03: The transmitter output is connected to the
spectrum analyzer. The RBW is set to 1% to 3% of the 99 % bandwidth and to 1% of the span. The VBW
is set to 3 times the RBW. The sweep time is coupled. The spectrum analyzer internal 99% bandwidth

function is utilized.

RESULTS
Channel Frequency | 99% Bandwidth
(MHz) (MHz)
Low 2402 1.0602
Middle 2440 1.0621
High 2480 1.0631
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99% BANDWIDTH PLOTS

LOW CHANNEL
% Agilent 13:54:54 Sep 15, 2615 L Freg/Channel
- Center Freq
Ch Freq 2.482 GHz Trig Free 5 40206060 GHx
Occupied Bandwidth |F|uerages: il | |
" StartFreq
APw3.3(080515),J3, Conducted B 2-4BL00B00 GHz
Ref 28 dBm Atten 26 dB
#5amp Stop Freq
Log 2. 40300008 GHz
16 i
Offst TRy I NI R Gt 20000808 kHz
10.9 [N, Ay T [1TA kNI Auto Man
dB Il LI E R DT R TR R AL
-------------------------------------------------------------------------------- Freq Offset
Center 2402 000 GHz  Span 2 M || 0-00000000 Hz
#fes BH 18 kHz #BH 56 kHz #Sweep 100 ms (1081 pts)
= = - - Signal Track
Occupied Bandwidth Occ BH % Pur  99.80 % |llon 0ff
1 @6@2 HHE X dB -26.08 JdB
Transmit Freq Error B.322 kH=z
% dB Bandwidth 1.299 MHz*
I
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MID CHANNEL

w Agilent 13:47:36 Sep 15, 2615

Freq/Channel

Ch Freq 2.44 GHz

Occupied Bandwidth

Center Freq

Trig Free |l 5 11000000 GHz

|F|ueragea: 21 I |

" Start Freq
243900808 GH
APv3.3(080515),J5, Conducted B c
Fef 28 dBm Atten 28 dB
#Samp Stop Freq
Log 244100000 GHz
dB/ ot DL L L Bl b WIE LR B L2 E THLTEY ETR [ CF Step
I:I.I:.I:St ) AL RS EEIlEEEiLEiE eisinisinie sl L UL U LU L UL L A | + 2@@.@@@@@@ kHz
1.9 [ A O vy et AN I | Aut o Man
de U A e R T ITE S LI

e [ i o aay Freq Offset

Center 2.448 800 GHz
#Res EW 18 kHz

#VEH 56 kHz

#Sweep 100 ms (1001 pts)

Signal Track
Occupied Bandwidth Occ BH % Pur  99.80 2 |llon 9 0ff
1 @521 HHZ ¥ dB -26.00 4B
Transmit Freq Error -4.335 kHz
® B Bandwidth 1.280 MHz*
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HIGH CHANNEL
% Agilent 14:04:27 Sep 15, 2615 L Freg/Channel
= Center Freq
Ch Freq 2.48 GHz Trig Free 5 43006080 GHx
Occupied Bandwidth |F|ueragea: 21 I |
" Start Freq
2. 47900008 GH
APv3.3(836515),J5, Conducted B i
Ref 28 dBm Atten 26 dB
#Samp Stop Freq
Log 2. 48180008 GHz
1w 7
dB.-"'I gt G (T R S CF Step
D-H:St S (S RI (RIRLAL SR RN 1 .._.Q.. 2@@.@@@@@@ kHE
10.9 WA S e e Ty e TN | Put o Man
B LHHLC 0 L] PR
--------------------------------------------------------------------------------- Freq Offset
Center 2430 000 OHz T Span 2 MHg || 000000000 Hz
#Res BH 18 kHz #VBH 56 kHz #Sweep 108 ms (1081 pts)
- ; - - Signal Track
Occupied Bandwidth Occ BH % Pur  99.80 2 |llon 0ff
1 @531 HHZ % dB -26.08 dE
Transmit Freq Error -18.248 kHz
% dB Bandwidth 1.284 MHz*
I
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8.3.

LIMITS

FCC §15.247 (b)

ICRSS-2475.4.4

OUTPUT POWER

The maximum antenna gain is less than or equal to 6 dBi, therefore the limit is 30 dBm.

TEST PROCEDURE

Peak power is measured using KDB558074 D01 DTS Meas Guidance v03r03 utilizing spectrum analyzer.

RESULTS
Channel Frequency Peak Power Limit Margin
Reading
(MH2z) (dBm) (dBm) (dB)
Low 2402 2.94 30 -27.060
Middle 2440 4.70 30 -25.300
High 2480 5.38 30 -24.620
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OUTPUT POWER PLOTS

LOW CHANNEL
% Agilent 13:56:69 Sep 15, 2615 L Freg/Channel
Mkrl 2.402 8B GHz Center Freg
EZ;E@ dBm Atten 28 dB 2.94 Bm 5 16260008 CHa
Log
18 1 Start Freq
dB/ & 2. 48056080 GHz
Offst
ég'g Stop Freq
2. 48350880 GHz
CF Step
30R.0ABRAG kHz
#FHvg Auto Man
ML 52 Freq Offset
53 FC 0.00000008 Hz
AA
£ .
F%ﬁ; Signal Track
On Dff
Swp —
Center 2.402 B08 GHz Span 3 MHz
#Res BH 3 MHz #/BH 3 MHz Sweep 1 ms (101 pts)
I
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MID CHANNEL
% Agilent 13:49:21 Sep 15, 2615 L Freg/Channel
Mkrl 2.448 B3 GHz Center Freq
Ezgkﬂﬂ dBm Atten 20 dB 478 dBm 5 14660008 GHa
Log
18 5 StartFreq
dB/ 2. 43550000 GHz
Offst
ég'g Stop Freq
2441500860 GHz
CF Step
300.00RAAR kHz
#PHvg Auto Man
ML 52 Freq Offset
53 FC 0.00000000 Hz
AA
Eif) .
F%ul; Signal Track
On Dff
Swp —
Center 2.448 BB GHz Span 3 MHz
#fes BH 3 MHz #BH 3 MHz Sweep 1 ms (181 pts)
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HIGH CHANNEL
% Agilent 14:05:28 Sep 15, 2615 L Freg/Channel
Mkrl 2.488 B3 GHz Center Freq
Ez;kﬂﬂ dBm Atten 20 dB 538 dBm 5 15060008 GHa
Log L
18 > StartFreq
dB/ 2. 47550000 GHz
Offst
ég'g Stop Freq
248150080 GHz
CF Step
300.00RAAR kHz
#PHvg Auto Man
ML 52 Freq Offset
53 FC 0.00000000 Hz
AA
Eif) .
F%ul; Signal Track
On Dff
Swp —
Center 2.480 BB GHz Span 3 MHz
#fes BH 3 MHz #BH 3 MHz Sweep 1 ms (181 pts)
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8.4.

LIMITS

None; for reporting purposes only.

TEST PROCEDURE

AVERAGE POWER

The transmitter output is connected to a power meter.

RESULTS

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

Channel Frequency AV power
(MHz) (dBm)
Low 2402 2.66
Middle 2440 4.4
High 2480 5.18
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8.5.

FCC §15.247 (e)

IC RSS-2475.2.2

POWER SPECTRAL DENSITY

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.

TEST PROCEDURE

Power Spectral Density was performed utilizing the “Method PKPSD (Peak PSD)” under KDB558074 D01
DTS Meas Guidance v03r03.

RESULTS
Channel | Frequency PSD Limit Margin
(MHz) (dBm) (dBm) (dB)
Low 2402 -2.41 8 -10.41
Middle 2440 -0.88 8 -8.88
High 2480 -0.08 8 -8.08
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POWER SPECTRAL DENSITY PLOTS

LOW CHANNEL

% Agilent 13:56:53 Sep 15, 2615 L Freg/Channel
APw3.3(880515),J5, Conducted B Mkrl 2.481 744 GHz Center Freg
Esiai@ dBm Atten 28 dB -2.414 Bm 5 16260008 CHa
Log
18 StartFreq
dB/ 1 2AR1ARARG GHz
Offst ¥
ég'g Stop Freq
0| 2. 48300880 GHz
o CF Step
2BR.0ABRAG kHz
#PRvg Auto Mar
1@
Wl o2 Freq Offset
53 FS 009000000 Hz
AA

£ .

® Signal Track
Gk 0 OFf
Swp f —
Center 2.402 B08 GHz Span 2 MHz
#Res BH 30 kHz #VBH 91 kHz  Sweep 2.133 ms (1001 pts)
I
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MID CHANNEL

2 Agilent 13:49:53 Sep 15, 2015

L

Freq/Channel

APw3.3(88085155,J5, Conducted B

Mkrl 2.439 820 GHz

Center Freq

Fef 20 dBm Atten 20 dB -B.852 dBm 5 14660008 GHa
#Pealk
Log
18 StartFreq
dB/ 2. 43900000 GHz
Offst
ég'g Stop Freq
0l 2441 0RARG GHz
&l CF Step
ZAB.ARRAAR kHz
#PHvg Auto Man
1@
Wl 52 Freq Offset
53 FS 0.00000000 Hz
AA

Eif) .

® Signal Track
>0k 0 oFf
Swp f =
Center 2.448 B08 GHz Span 2 MHz
#fes BH 30 kHz #JEBH 91 kHz  Sweep 2.133 ms (1801 pts)
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MODEL: 1688
HIGH CHANNEL
% Agilent 14:06:44 Sep 15, 2615 L Freg/Channel
APwa.3(B808515),J5, Conducted B Mkrl 2.479 742 GHz Center Freq
Eggai@ dBm Atten 20 dB -B.A76 dBm 5 15060008 GHa
Log
18 . StartFreq
dB/ & 2. 47900000 GHz
Offst
ég'g Stop Freq
0l 2AB1BRARG GHz
&l CF Step
ZAB.ARRAAR kHz
#PHvg Auto Man
1@
vl 52 Freq Offset
53 FS 0.00000000 Hz
AA

Eif) .

® Signal Track
>0k 0 oFf
Swp f —
Center 2.488 008 GHz Span 2 MHz
#fes BH 30 kHz #JEBH 91 kHz  Sweep 2.133 ms (1801 pts)
I
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8.6. CONDUCTED SPURIOUS EMISSIONS

LIMITS

FCC §15.247 (d)
IC RSS-247 5.5

Output power was measured based on the use of a peak measurement, therefore the required
attenuation is 20 dB.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The resolution bandwidth is set to 100 kHz.
The video bandwidth is set to 300 kHz.

The spectrum from 30 MHz to 26 GHz is investigated with the transmitter set to the lowest, middle, and
highest channels.
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RESULTS

SPURIOUS EMISSIONS, LOW CHANNEL

LOW CHANNEL BANDEDGE
% Agilent 13:58:59 Sep 15, 2615 L Freg/Channel
APw3.30880515),J5, Conducted B Mkre 2,408 BB GHz Center Freg
EZ;kZEJ dBm Atten 20 dB -56.37 dBm > 10009608 GHa
Log
18 StartFreq
dB/ 2.39500000 GHz
Offst
ég'g Stop Freq
0l 2. 40500000 GHz
-15.6 z
A b b L % CF Step
1.00000000 MHz
#FHvg Auto Man
Center 2,408 BB GHz Span 18 MHz
#Res BH 100 kHz #BH 300 kHz Sweep 1 ms (1001 pts) || ggﬂe@%g@fg Eﬁ;
Markear Trace Type H Axic Amplitude )
1 (1) Freq 2,399 98 GHz -56.28 dBm
2 1) Freq 2,488 B8 GHz -56.87 dBm Signal Track
On 0ff
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LOW CHANNEL SPURIOUS
% Agilent 14:00:55 Sep 15, 2615 L Freg/Channel
APw3.3(88085155,J5, Conducted B Mkrd 24,985 GHz C F
Ref 20 dBm #Atten 20 dB —~48.905 dBm enter Freq
wPesk | 13.0150000 GHz
Log é
18 StartFreq
dB/ 30 AAE0RAE MHz
Offst
ég'g Stop Freq
4 26 BARRAAGR SHz
DI $
o AN CF Step
dBm bt 0l
259700000 SHz
#PHvg Auto Man
Center 13.815 GHz Span 25.97 GHz
#Res BH 100 kiz +UBH 300 kHz _ Sweep 2.482 5 (8192 pto) | | gﬁ@%g@fg Eﬁ;
Marker Trace Type W Axiz Amplitude )
1 1 Freq 2.482 GHz H.98 dBm
2 1 F 4,884 GH -EA.46 dB H
3 (1 FFEE 2586 BHa “c7'8e dn UnSlgnal Tragfli
4 1 Freq 24,985 GHz -48.98 dBm =
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SPURIOUS EMISSIONS. MID CHANNEL

MID CHANNEL REFERENCE

% Agilent 13:51:31 Sep 15, 2615 L Freg/Channel

APw3.3(880515),J5, Conducted B Mkrl 2.439 75 GHz Center Freg

EZ;E@ dBm Atten 20 dB 448 dBm 5 14660008 CHa

Log

18 S StartFreq

dB/ 2. A35ARARAG GHz

Offst

ég'g Stop Freq

0| 2. 44500080 GHz

o CF Step
1.PRARRARG MHz

#FHvg Auto Man

ML 52 Freq Offset

53 FC 0.00000008 Hz

AA

L S I I A M mar pa b o .

) Signal Track
Gk 0 OFf
Swp f —
Center 2.448 BB GHz Span 18 MHz
#Res BH 106 kHz #\/BH 308 kHz Sweep 1 ms (1801 pts)
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MID CHANNEL SPURIOUS
% Agilent 13:52:24 Sep 15, 2615 L Freg/Channel
APw3.3(88085155,J5, Conducted B Mkrd 24.865 GHz C F
Ref 20 dBm #Atten 20 dB ~50.005 dBm enter Freq
wPesk | 13.0150000 GHz
Log é
18 StartFreq
dB/ 30.AREAAR MHz
Offst
ég'g Stop Freq
0l . 2G.AARRARG GHz
156 = 3
dBrm i, ] el : : CF Step
259700000 SHz
#PHvg Auto Man
Center 13.815 GHz Span 25.97 GHz
#Res BH 100 kiz WEH 300 kHz  Sweep 2.482 5 (8192 pts) @.gﬁr‘l-@e@%ﬁ?@fg Eﬁ;
Marker Trace Type W Axiz Amplitude
1 1 Freq 2.448 GHz 3.43 dBm
2 1 F 4,888 GH -52.36 dB H
3 ¢1) FFEE 2326 BHa “CHLEL B DnSlgnaI Tragfli
4 1 Freq 24,865 GH=z -5H.81 dBm =
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SPURIOUS EMISSIONS. HIGH CHANNEL

HIGH CHANNEL BANDEDGE
3% Agilent 14:08:16 Sep 15, 2615 L Freg/Channel
APw3.30080515),J3, Conducted B Mkre 2.483 73 GHz Center Freg
EZ;E@ dBm Atten 28 dB -58.32 dBm 5 13350000 Gl
Log
18 StartFreq
dB/ 247850000 GHz
Offst
ég'g Stop Freq
0l 248850000 GHz
e o Lo 1 1 CF Step
1.00000000 MHz
#FHvg Auto Man
Center 2,483 50 GHz Span 168 MHz
#Res BH 100 kHz #/BH 300 kHz Sweep 1 ms (1001 pts) || gggg%ggg Eﬁ;
Marker Trace Type H OAxiz Amplitude )
1 (1) Freg 2.433 58 GHz -59.58 dBm
2 1) Frag 2,483 73 BHz -58.32 dBm Signal Track
On 0ff
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HIGH CHANNEL SPURIOUS
% Agilent 14:09:36 Sep 15, 2615 L Freg/Channel
APw3.3(88085155,J5, Conducted B Mkrd 25.141 GHz C F
Ref 20 dBm #Atten 20 dB ~49.385 dBm enter Freq
wPesk | 13.0150000 GHz
Log 3
18 StartFreq
dB/ 30 AAE0RAE MHz
Offst
ég'g Stop Freq
0l 4 26 BARRAAGR SHz
_15.6 2 e
dBm. :-?q Sk CF Step
259700000 SHz
#PHvg Auto Man
Center 13.815 GHz Span 25.97 GHz
#Res BH 100 kiz +UBH 300 kHz _ Sweep 2.482 5 (8192 pto) | | gﬁ@%g@fg Eﬁ;
Marker Trace Type W Axiz Amplitude )

1 1 Freq 2.480 GHz 3.47 dBm

2 1 F 4,968 GH -EA.98 dB H

3 (1 FFEE 7448 BHa “S5.57 dn DnSlgnal Tragfli

4 1 Freq 25,141 GH=z -49,88 dBm =
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9. RADIATED TEST RESULTS

9.1. 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) at 3 m
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
€63.10. 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, then the video bandwidth is
set to 1 MHz for peak measurements and add duty cycle factor for average measurements. Duty cycle
factor = 10 log (1/x). For this sample: DCF = 10log(1/0.71)=1.47 dB

The spectrum from 30 MHz to 26 GHz is investigated with the transmitter set to the lowest, middle, and
highest channels in the 2.4 GHz band.

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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9.2. TRANSMITTER ABOVE 1 GHz
RESTRICTED BANDEDGE (LOW CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

12:UL Fremont,5m Chomber A 21 Sep 2015 18:15:27
Restricted Bandedge
= Project Number:15U21746
1 Client :MICROSOFT
Config:EUT + AC Adapter
Mode:BLE BE 2482 Hor izontal
185 Teeted by:Jude Semana
95 .
i
BC f... ]
N Peak Limjt CdBuU/m) // rb
> 7l:
3 / 1
a5}
s I \
65 |
|
55 Averoge Limit (dBuUym) }
‘
i 5 L LM
M aedadtiia sl il bl Gl il H.AWMHMWI Lkl ad il e Aot gt bl e gt g | AL e m
- Ao i b o ki ! |
: 4 3 J
35
2.31 18.5MH=/ 2.415
Frequency (GHz)
Range (6Hz) REU/UBW Ref/Atin Det/Avg Type Sueep Pis  #Swps/Mode  Position Range (GHz) RBL/VBl Ref/fttn  Det/fvg Type Sueep Pts  #Sups/fode Position
1:2,31-2.415 1M(-6dB) /34 187/18 PEAK/Pur Avg(RMS) 20nsec(futo) 8081 MAXH 296 degs H 2. 31-2.41 IMC-6ok M 1a87/18 AUER/Pr Avg(RMS 2Bmsec (Aut 8aa1 10BTAVG 296 degs H
Low Channel Bondedge Method AD - H.TST 38915 4 Jun 2815 Rev 9.5 24 Jun 2615
Marker Frequency Meter Det AF T136 Amp/Cbl/Fit DC Corr (dB) Corrected Average Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) r/Pad (dB) Reading Limit (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuV) (dBuV/m) (dBuV/m)
1 *2.39 40.08 Pk 32 -24.6 0 47.48 - - 74 -26.52 296 115 H
2 *2.385 42.69 Pk 32 -24.6 0 50.09 - - 74 -23.91 296 115 H
3 *2.39 30.1 RMS 32 -24.6 1.47 38.97 54 -15.03 - - 296 115 H
4 *2.359 313 RMS 31.9 -24.7 1.47 39.97 54 -14.03 - - 296 115 H
* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector
RMS - RMS detection
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VERTICAL PEAK AND AVERAGE PLOT

12:UL Fremont,5m Chomber A 21 Sep 2815 18:25:42
Restricted Bandedge
= Project Number; 15021746
1 Client:MICROSOFT
Config:EUT + AC Adapter
Mode:BLE BE 2482 Uertical
195 Tested by:Jude Semana
9‘:
35
® ,
~ Peak Limit (dBulU/m)
> 75
J
[an}
o
65 f |
I
\
5ol Averags Limit (dBuU/m) [
|
2 1 I‘ \;
Aot b b AR TR PR PRI NS T Pt bl ek kol LT AR
45 i v " 4 " Wiy \‘
4
o 2
35
2. 31 18 .5MH=z/ 2.415
Frequency (GHz)
Range (6Hz) REU/BU  Ref/Attn Det/Avg Tupe Sueep Pls  #oups/fode Position Range (Gfiz) REUUBH  Ref/Attn  Det/Avg Type Swesp Pts  #5ups/fods  Position
3 E 1M dB) a AK vg(RMS) sec o) B L 2t 3
Low Channe! Bandedge Method AD - U.TST 38915 d 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) (cm)
(dBuv) (dBuV/m) (dBuV/m)
1 *2.39 41.73 Pk 32 -24.6 0 49.13 - 74 -24.87 250 111 A
2 *2.359 42.75 Pk 319 -24.7 0 49.95 - - 74 -24.05 250 111 A
3 *2.39 29.78 RMS 32 -24.6 1.47 38.65 54 -15.35 250 111 A
4 *2.36 31.13 RMS 319 -24.7 1.47 39.8 54 -14.2 250 111 A
*

Pk - Peak detector

RMS - RMS detection

- indicates frequency in CFR15.205/I1C7.2.2 Restricted Band
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AUTHORIZED BANDEDGE (HIGH CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

UL Fremont,5m Chamber A 21 Sep 2815 B9:56:51
Restricted Boandedge

- Project Number: 15021746
1 Client MICROSOFT

Config EUT + AC Adapter
Mode:BLE BE 2488 Horizontal
195 Tested by:Jude Semano

95

85
~ I Pec Limit CdBuU/mI
> 75
3 [
@
S

65

‘\ Average Limit CdBuU/m)

" i d il ik dad L | m Ll

éi

5:WWMMMM-MWWJ

45 BN PRS- MO E S b S oo AT
Jog . a
=
2.46 T8 3MH=/ 2,563
Frequency (GHz)
Range (6Hz) RBU/UBU  Ref/Attn Det/Avg Type Sucep Pts  #5wps/llode  Position Range (6Hz) RBU/UBW  Ref/fttn Det/Avg Type Sueep Pte #5ups/tode Fosition
1:2.46-2.563 1M(-6dB) /34 187/18 PEAK/Pur Avg(RMS) 20nsec(futo) 8081 MAXH 307 degs H 2:2.46-2.563 1MC-6cB) /3N 187/18 AUER/Pur fivg(RMS 2Bnsec(futo) 800! 18BTAUG 387 degs H

Rev 9.5 24 Jun 2615

High Channel Bandedge Method AD - H.TST 38915 4 Jun 2615

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 39.31 Pk 32.1 -24.5 0 46.91 - - 74 -27.09 307 107 H
2 *2.489 42.92 Pk 321 -24.5 0 50.52 - - 74 -23.48 307 107 H
3 *2.484 30.44 RMS 321 -24.5 1.47 39.51 54 -14.49 - - 307 107 H
4 2.537 31.02 RMS 32.1 -24.4 1.47 40.19 54 -13.81 - - 307 107 H

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

RMS - RMS detection
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REPORT NO: 15U21746-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

VERTICAL PEAK AND AVERAGE PLOT

| o5UL Fremont,5m Chamber @ 21 Sep 2815  10:03:50
Restricted Bandedge
- Project Number: 15U21746
t Cl ient ;MICROSOF T
Config:EUT + AC Adapter
Mode:BLE BE 2488 Uertical
195 Tested by:Jude Semana
95 "
|
a5 J
C ~
N Peak Limit C(dBuU/m)
> 71:
@
S
6|:
Averaoge Limit (dBulU/m)
55 -
I ’ 2
PP FYSTN ATURIR o Ao o 4ol T AP TP RTAIY NI BORTRAYPRTR TR BT}
s : Yy bl b 2
3 2
35
2.46 18 3MH=/ 2.563
Frequency (GHz)
Range (GHz) REU/UBW Ref/Attn Det/Avg Type Sueep Pts #Gwps/Mode Position Ronge (GHz) RBM/UBU Ref/Attn  Det/Avg Type Sueep Fts #Sups/Mode Fosition
6-2.563 1M(-6dB) [ Ak vg (R sac(futo) B [ 248 degs
High Channel Bandedge Method AD - U.TST 38915 4 Jun 2815 Rev 9.5 24 Jun 2815
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 39.84 Pk 321 245 0 47.44 E B 74 2656 243 111 v
2 *2.493 42.98 Pk 321 245 0 50.58 - - 74 23.42 248 111 v
3 *2.484 30.3 RMS 32.1 -24.5 1.47 39.37 54 -14.63 - - 248 111 \Y
4 2.544 30.97 RMS 322 245 1.47 4014 54 13.86 E B 243 111 v
* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: 15U21746-E2V1
MODEL: 1688

DATE: OCTOBER 16, 2015

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL HORIZONTAL

:UL Fremont,5m Chamber A

17 Sep 2815 13:11:82

[N

Rodioted Emissions 3-Meters
= Pro ject Number: 15021746
18 Client:MICROSOFT
ConfigiEUT + AC Adapter
Mode :BLE HARM 2482
95 Tested by:Jude Semona
8:
Peck Limit (dBulU/m)
7|:
‘e
3 s
3 6
@
K
~ Avg Limit (dBulU/m)
55
45 !
1 T "
3 i wiw
- AN
o5

Range (GHz) REl/ VBl Ref/Attn  Det/Avg T
1:0-3 1MC-6dB)/ 30 7/ PERK

g Tope Sueep Range (Hz) REW/UB
EAK/Pur Pug(RUS) 77 3318 1N(-6d8)/30)

Frequency (GHz)

Ref/Attn Det/Avg Tuype ey
87/8 PEAK /Pur Pvg(RHS) 574

FCC Part1S Subpart C 2.4GHz RSE.TST 3683915 16 Jun 2815

Rev 9.5 24 Jun 2015

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-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

LOW CHANNEL VERTICAL

H“_‘UL Fremont,5m Chamber A 17 Sep 2815 13:11:82
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client MICROSOFT
Config:EUT + AC Adapter
Mode :BLE HARM 2482
95 Tested by:Jude Semona
8:
Peak Limit (dBuU/m)
7L_\
‘e
3 5
3 6
@
o -
~ Avg Limit (dBulY/m
55
45 ] 3
4 | 5
o | bt
35 |
25
1 [z 18
Frequency (GHz)
Range (GHa) RAU/U  Ref/Attn  Det/fvg Tupe Seeep Pte ¥oups/Mods Position Rongs (620 REUABN  Ref/Atin  Det/fvg Tupe Susep Pie  ¥ops/Miods Position
FCC Portl5 Subport C 2.4GHz RSE.TST 38315 16 Jun 2815 Rev 9.5 24 Jun 2015

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-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

LOW CHANNEL DATA

Trace Markers

Marker Frequency Meter Det AFT136 ‘Amp/Cbl/Fitr DC Corr (dB) Corrected ‘Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) /Pad (dB) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
1 *1.521 36.75 Pk 28.1 -25.6 0 39.25 - - 74 -34.75 0-360 201 H
4 *1.186 36.2 Pk 27.9 -26.1 0 38 - - 74 -36 0-360 200 \
2 *3.64 34.08 Pk 33.2 -32 0 35.28 - - 74 -38.72 0-360 100 H
3 *4.972 32,93 Pk 33.9 -30.3 0 36.53 - - 74 -37.47 0-360 201 H
5 *7.558 28.48 Pk 355 -25.6 0 38.38 - - 74 -35.62 0-360 200 \
6 *13.315 25.72 Pk 39.1 -22.4 0 42.42 - - 74 -31.58 0-360 100 \

*

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

Radiated Emissions

Frequenc Meter Det AFT136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity
y Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) Limit (dB) (Degs) (cm)

(GHz) (dBuv) (dB) (dBuV/m) (dBuv/m)

*1.522 44.93 PK2 28.1 -25.6 0 47.43 - - 74 -26.57 360 202 H
*1.522 33.09 MAv1 28.1 -25.6 1.47 37.06 54 -16.94 - - 360 202 H
*1.187 44.92 PK2 27.9 -26.1 0 46.72 - - 74 -27.28 360 202 \
*1.184 33.04 MAv1 27.9 -26.1 1.47 36.31 54 -17.69 - - 360 202 \
*3.639 42.31 PK2 33.2 -32 0 43.51 - - 74 -30.49 360 100 H

*3.64 30.9 MAv1 33.2 -32 1.47 33.57 54 -20.43 - - 360 100 H
*4.973 40.52 PK2 34 -30.3 0 44.22 - - 74 -29.78 360 202 H

*4.97 29.68 MAv1 339 -30.3 1.47 34.75 54 -19.25 - - 360 202 H
*7.556 36.32 PK2 355 -25.6 0 46.22 - - 74 -27.78 360 202 v
*7.559 25.23 MAv1 355 -25.6 1.47 36.6 54 -17.4 - - 360 202 Vv
*13.317 33.74 PK2 39.1 -22.4 0 50.44 - - 74 -23.56 360 100 Vv
*13.316 2291 MAv1 39.1 -22.4 1.47 41.08 54 -12.92 - - 360 100 Vv

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK2 - KDB558074 Method: Maximum Peak

MAv1 - KDB558074 Option 1 Maximum RMS Average

Page 44 of 60

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-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

MID CHANNEL HORIZONTAL

| 1‘__\UL Fremont,5m Chamber A 17 Sep 2815 12:42:83
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client MICROSOFT
Config:EUT + AC Adapter
Mode :BLE HARM 2448
95 Tested by:Jude Semana
Bl:
Peak Limit (dBuU/m)
7L_\
‘e
3 5
3 6
@
o - <
~ Avg Limit (dBuU/m)
55 -
45 —
1 bt
i Ty o
35 K N LA A
25
1 [z 18
Frequency (GHz)
Rarge (GHa) REU/U  Ref/Atin  Det/fvg Tupe Seeep Pte ¥oups/Mods Position Range (620 RBUABN  Ref/Atin  Det/fvg Tupe Susep Pie ¥oaps/Mods Position
113 MC-EB)/3  17/18 PERK/Fur Aug(RMS)  7Tmsecthuto) 6861 MAKH B-360degs | 3:3-18 IM(-6dB)/ Bk BI/B  PERK/Pur Avg(RMS)  S7nsec(Buto) 18k FAKH B-bdegs H
BLE_HARM_2448. ot 38315 16 Jun 2815 Rev 9.5 24 Jun 2015

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-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

I UL Fremont,5m Chamber A 17 Sep 2815 12:42:83
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client MICROSOFT
Config:EUT + AC Adapter
Mode :BLE HARM 2448
95 Tested by:Jude Semona
8:
Peak Limit (dBuU/m)
7L_\
‘e
3 5
3 6
@
o -
~ Avg Limit (dBulY/m
55
6
45 ey
4 5
35 o
25
1 [z 18
Frequency (GHz)
Range (GHa) RAU/U  Ref/Attn  Det/fvg Tupe Seeep Pte ¥oups/Mods Position Rongs (620 REUABN  Ref/Atin  Det/fvg Tupe Susep Pie  ¥ops/Miods Position
BLE_HARM_2448. ot 38315 16 Jun 2815 Rev 9.5 24 Jun 2015

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-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

MID CHANNEL DATA

Trace Markers

Marker Frequency Meter Det AFT136 Amp/Cbl/Fitr DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) /Pad (dB) Reading (dBuV/m) (dB) (dBuv/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
1 *1.495 36.74 Pk 28.1 -25.6 0 39.24 - - 74 -34.76 0-360 201 H
2 *3.616 355 Pk 33.1 -32.2 0 36.4 - - 74 -37.6 0-360 201 H
4 *4.628 3222 Pk 34.1 -30.5 0 35.82 - - 74 -38.18 0-360 100 \
5 *8.037 28.57 Pk 35.7 -25.1 0 39.17 - - 74 -34.83 0-360 200 \
6 *16.038 26.23 Pk 41 -22 0 45.23 - - 74 -28.77 0-360 100 \
3 13 25.51 Pk 39.1 -22.1 0 42,51 - - - - 0-360 201 H

*

- indicates frequency in CFR15.205/I1C7.2.2 Restricted Band
Pk - Peak detector

Radiated Emissions

Frequenc Meter Det AFT136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity
y Reading (dB/m) Fltr/Pad (dB) Reading (dBuV/m) (dB) Limit (dB) (Degs) (cm)

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

*1.496 45.35 PK2 28.1 -25.6 0 47.85 - - 74 -26.15 360 202 H
*1.496 33.19 MAv1 28.1 -25.6 1.47 37.16 54 -16.84 - - 360 202 H
*3.615 42.49 PK2 331 -32.2 0 43.39 - - 74 -30.61 360 202 H
*3.615 313 MAv1 331 -32.2 1.47 33.67 54 -20.33 - - 360 202 H
*4.628 40.49 PK2 341 -30.5 0 44.09 - - 74 -29.91 360 100 v
*4.63 29.75 MAv1 341 -30.6 1.47 34.72 54 -19.28 - - 360 100 Vv
* 8.035 37.59 PK2 35.7 -25.1 0 48.19 - - 74 -25.81 360 201 Vv
*8.039 25.67 MAv1 35.7 -25 1.47 37.84 54 -16.16 - - 360 201 \
*16.037 34.71 PK2 41 -22 0 53.71 - - 74 -20.29 360 100 \
*16.039 23.52 MAv1 41 -22 1.47 43.99 54 -10.01 - - 360 100 \
13.001 22.59 MAv1 39.1 -22.1 1.47 41.06 - - - - 360 202 H
13.002 33.76 PK2 39.1 -22.2 0 50.66 - - - - 360 202 H

* - indicates frequency in CFR15.205/1C7.2.2 Restricted Band
PK2 - KDB558074 Method: Maximum Peak

MAv1 - KDB558074 Option 1 Maximum RMS Average
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REPORT NO: 15U21746-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

HIGH CHANNEL HORIZONTAL

| 1‘:UL Fremont,5m Chomber A 21 Sep 2815 B9:20:36
Rodioted Emissions 3-Meters
= Project Number: 15021746
18 Client :MICROSOFT
Config:EUT + AC Adapter
Mode:BLE HARM 2480
95 Tested by:Jude Semana
8|:
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
[an}
S i
~ Avg Limit (dBuU/m)
5|:
45 " WWW
" i
. ‘.‘i..,n . 2 P §‘w Y
35 FTTORATR e Am'ww et
o5
1 18 18
Frequency (GHz)
Range (6Hz) REU/VBU  Ref/fitn Det/fvg Tuype Suacp Plo  ¥oupe/fode Fosition Range (Gfiz) REWABH  Ref/Attn Det/Avg Tupe Sueep Pts Fups/Mods  Position
13 IMC-6d8)/3k  167/18  PEAK/Pur Avg(RMS)  7Tmsec(Puto) 6601 HAXH B-3BBdegs H | 3:3-18 MG-68)/3%  BI/B  PERK/Par MvgRMS)  STdnsec(huto) 18k HAXH B-360degs H
FCC Port1S Subpert 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-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

HIGH CHANNEL VERTICAL

<UL Fremont,5m Chamber A 21 Sep 2815 B9:20:36
Rodioted Emissions 3-Meters

185 ET?J&@ Number : 15021746
{ent MICROSOFT

Config:EUT + AC Adapter

Mode :BLE HARM 2480

95 Tested by:Jude Semana

"

85

Peak Limit C(dBulU/m)
75

65

(dBulU/m)

Avg Limit (dBuU/m)

55

om

45 : 5

|l
s}

35

25

Frequency (GHz)

Range (612) REUUB  Ref/Attn Dst/Avg Tupe Sueep Pis ¥ows/Mode Fosition Range (GHz) REWUBI  Rof/Attn  Dot/Avg Tupe Secep Pts  ¥5ups/fode Fosition

FCC Parti5 Subpart C 2.4GHz RSE.TST 36915 16 Jun 2815 Rev 9.5 24 Jun 2015

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-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

HIGH CHANNEL DATA

Trace Markers

Marker Frequency Meter Det AFT136 ‘Amp/Cbl/Fitr DC Corr (dB) Corrected ‘Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) /Pad (dB) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
1 *1.306 35.95 Pk 28.8 -25.9 0 38.85 - - 74 -35.15 0-360 100 H
2 *4.302 34.46 Pk 335 -30.6 0 37.36 - - 74 -36.64 0-360 201 H
3 *7.406 28.46 Pk 35.6 -25.4 0 38.66 - - 74 -35.34 0-360 100 H
5 *11.412 25.68 Pk 37.9 -21.8 0 41.78 - - 74 -32.22 0-360 100 \%
6 *15.848 26.27 Pk 40.6 -21.4 0 45.47 - - 74 -28.53 0-360 100 \
4 1.636 36.54 Pk 28.2 -25.5 0 39.24 - - - - 0-360 100 \

*

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

Pk - Peak detector

Radiated Emissions

Frequenc Meter Det AFT136 Amp/Cbl/ DC Corr Corrected Avg Limit Margin Peak PK Margin Azimuth Height Polarity
y Reading (dB/m) Fltr/Pad (dB) Reading (dBuv/m) (dB) Limit (dB) (Degs) (cm)
(GHz) (dBuv) (dB) (dBuV/m) (dBuv/m)
*1.304 45.38 PK2 28.8 -25.9 0 48.28 - - 74 -25.72 1 100 H
*1.305 3291 MAv1 28.8 -25.9 1.47 37.28 54 -16.72 - - 1 100 H
*4.3 41.12 PK2 335 -30.6 0 44.02 - - 74 -29.98 1 202 H
*4.303 29.96 MAv1 335 -30.7 1.47 34.23 54 -19.77 - - 1 202 H
*7.408 35.99 PK2 35.5 -25.4 0 46.09 - - 74 -27.91 1 100 H
*7.406 25.37 MAv1 35.6 -25.4 1.47 37.04 54 -16.96 - - 1 100 H
*11.41 33.88 PK2 37.9 -21.8 0 49.98 - - 74 -24.02 1 100 \
*11.411 22.73 MAv1 37.9 -21.8 1.47 40.3 54 -13.7 - - 1 100 v
*15.847 3411 PK2 40.6 -21.4 0 53.31 - - 74 -20.69 1 100 v
*15.847 23.61 MAv1 40.6 -21.4 1.47 44.28 54 -9.72 - - 1 100 Vv
1.635 44.99 PK2 28.2 -25.5 0 47.69 - - - - 1 100 Vv
1.637 32.92 MAv1 28.2 -25.5 1.47 37.09 - - - - 1 100 Vv

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK2 - KDB558074 Method: Maximum Peak

MAv1 - KDB558074 Option 1 Maximum RMS Average
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REPORT NO: 15U21746-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

9.3. WORST-CASE BELOW 1 GHz

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

9:UL FREMONT, 3m Chomber 24 Sep 20815 14:38:39
Radiated Emissions — 3 Meters
Project Number: 15021746
85 ClientiMicrosoft
Config EUT only
Mode:WJORST CASE
75 Tested by:R.Z
65
T
T 55
o
N
; ]
2 45 OFR-Tm Tt CaB Ul MY
<
5 h |
a5}
Z b
o
4
JL‘
38 188 18008
Frequency (MHz)
Range (1) et ROl VB fvg Typ Sueep Flo #ups/lods  Fosition Range (i) ] VB fvg Typ Sweep Pts  Fups/Mods  Fosition
1:30-288 PERK  100k(-3) 1M Log-Pur(Video) .DBfs/Miz 4801  Inf/MAXH ~B-36Bdegs H | 3:208-100 PEAK  100k(-3B) I Log-Pur(Video) .BAIs/MHz  8GB1  Inf/MAH  B-3Bdegs H
elow 1ghz.DAT 39763 12 Jun 2014 Rev 9.5 22 Jul 2814
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REPORT NO: 15U21746-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

VERTICAL PLOT

9:LJL FREMONT, 3m Chaomber 24 Sep 2015 14:38:39

Rodioted Emissions - 3 Meters

- Praject Number: 15021746
8 Client Microsoft
Config:EUT only
Mode :WORST CASE

75 Tested byiR.Z

6|:
3 55
{ |
C
o
= 45 APkt CEB 5

OF ket aB ot Y z
2 Eid
~ 14 2B
3 35 1 9
2 o 26
I l5l618 T

TR ATTANLARY
30 1868 1860
Frequency (MHz)
elow 1ghz.DAT 39763 12 Jun 2814 Rev 9.5 22 Jul 2814
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REPORT NO: 15U21746-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

BELOW 1 GHz TABLE

Marker Frequency Meter Det AF T185 Amp/Cbl (dB) Corrected QPk Limit Margin Azimuth Height Polarity
(MHz) Reading (dB/m) Reading (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
11 39.9875 33.54 PK 14.3 -27 20.84 40 -19.16 0-360 100 Vv
1 40.7525 43.5 PK 13.7 -27 30.2 40 -9.8 0-360 100 H
2 55.6275 39.97 PK 7.1 -26.9 20.17 40 -19.83 0-360 300 H
3 79.98 38.24 PK 8 -26.6 19.64 40 -20.36 0-360 400 H
4 98.4888 34.94 PK 9.4 -26.3 18.04 43.52 -25.48 0-360 300 H
5 100.2525 39.49 PK 9.8 -26.3 22.99 43.52 -20.53 0-360 300 H
6 211.2 38.97 PK 10.3 -25 24.27 43.52 -19.25 0-360 100 H
12 211.2 47.66 PK 10.3 -25 32.96 43.52 -10.56 0-360 100 \
13 230.4 38.7 PK 11.1 -24.9 24.9 46.02 -21.12 0-360 100 \
7 249.6 38.16 PK 11.5 -24.7 24.96 46.02 -21.06 0-360 200 H
14 249.6 50.16 PK 11.5 -24.7 36.96 46.02 -9.06 0-360 100 \
15 268.8 34.82 PK 13 -24.5 23.32 46.02 -22.7 0-360 100 \
16 288 35.34 PK 13.4 -24.4 24.34 46.02 -21.68 0-360 100 \
17 307.2 31.56 PK 13.4 -24.4 20.56 46.02 -25.46 0-360 100 \
18 326.4 35.01 PK 13.9 -24.4 24.51 46.02 -21.51 0-360 100 \
19 345.6 33.54 PK 14.2 -24.5 23.24 46.02 -22.78 0-360 100 Vv
20 364.8 37.73 PK 14.9 -24.6 28.03 46.02 -17.99 0-360 100 Vv
21 384 36.74 PK 15 -24.7 27.04 46.02 -18.98 0-360 100 Vv
22 403.2 35.95 PK 15.5 -24.8 26.65 46.02 -19.37 0-360 100 Vv
23 704.6 36.16 PK 20.1 -24.1 32.16 46.02 -13.86 0-360 200 Vv
8 706 48.05 PK 20.1 -24.1 44.05 46.02 -1.97 0-360 200 H
24 709 43.56 PK 20.2 -24.1 39.66 46.02 -6.36 0-360 200 Vv
9 709.6 46.29 PK 20.2 -24.1 42.39 46.02 -3.63 0-360 300 H
25 710.9 46.62 PK 20.2 -24.1 42.72 46.02 -3.3 0-360 100 Vv
26 713.2 39.64 PK 20.3 -24 35.94 46.02 -10.08 0-360 300 Vv
10 7134 47.29 PK 20.3 -24 43.59 46.02 -2.43 0-360 200 H

PK - Peak detector

Radiated Emissions

Frequency Meter Det AF T185 Amp/Chl Corrected | QPk Limit Margin Azimuth Height Polarity
(MHz) Reading (dB/m) (dB) Reading (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuV/m)
706.1778 23.17 Qp 20.1 -24.1 19.17 46.02 -26.85 341 390 H
709.6315 23.18 Qp 20.2 -24.1 19.28 46.02 -26.74 236 300 H
713.4433 33.61 QP 20.3 -24 29.91 46.02 -16.11 236 200 H
710.9423 23.1 Qp 20.2 -24.1 19.2 46.02 -26.82 236 100 Y
QP - Quasi-Peak detector
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REPORT NO: 15U21746-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

10. AC POWER LINE CONDUCTED EMISSIONS

LIMITS

FCC §15.207 (a)

RSS-Gen 8.8
Frequency of Emission (MHz) Conducted Limit (dBuV)
uasi-peak Average
0.15-0.5 B to 56 56 to 46
0.5-5 56 46
5-30 Gl S0
" Decreases with the logarithm of the frequency.
TEST PROCEDURE
ANSI C63.10
RESULTS
6 WORST EMISSIONS
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REPORT NO: 15U21746-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

LINE 1 PLOT

HBZUL Fremont, CA CE Room 22 Sep 2815 18:43:54
Conducted RFI Uoltage
Project No: 15021746
92 Client Nome:Microsoft
Mode | /Device: EUT+AC Adapter (BLED
Test Ualt/Freq:128U/68H
g2 Test By, Ko
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REPORT NO: 15U21746-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

LINE 1 RESULTS

Range 1: Line-L1.15 - 30MHz
Marker Frequency Meter Det T241LL1 LC Cables Corrected CFR 47 Margin CFR 47

Margin
(MHz) Reading 1&3 Reading Part 15 (dB) Part 15 (dB)
(dBuv) dBuv Class B QP Class B
Avg
7 .186 42.55 Pk 1 0 43.55 64.21 -20.66
.1905 23.33 Av 1 0 24.33 - - 54.01 -29.68
9 5.6715 34.79 Pk .2 1 35.09 60 -24.91
10 5.6895 18.46 Av 2 1 18.76 - - 50 -31.24
11 20.0625 35.02 Pk 3 2 35.52 60 -24.48
12 20.0265 23.49 Av 3 .2 23.99 - - 50 -26.01
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MODEL: 1688

LINE 2 PLOT

HBZUL Fremont, CA CE Room 22 Sep 2815 18:43:54
Conducted RFI Uoltage
Project No: 15021746
92 Client Nome:Microsoft
Mode | /Device: EUT+AC Adapter (BLED
Test Ualt/Freq:128U/68H
g2 Test By, Ko
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REPORT NO: 15U21746-E2V1 DATE: OCTOBER 16, 2015
MODEL: 1688

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)
(dBuv) dBuv Class B QP Class B
Avg

1 .186 45.9 Pk 1.1 0 47 64.21 -17.21

2 .186 18.66 Av 1.1 0 19.76 - - 54.21 -34.45

3 5.8515 34.93 Pk .2 1 35.23 60 -24.77

4 5.8515 19.02 Av .2 1 19.32 - - 50 -30.68

5 8.583 33.56 Pk 2 1 33.86 60 -26.14

6 8.5785 18.82 Av 2 1 19.12 - - 50 -30.88
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