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4.7. Band edge and Spurious Emission (conducted)
LIMIT
FCC CFR Title 47 Part 15 Subpart C Section15.247 (d):

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum 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.

TEST CONFIGURATION

Spectrum Analyzer

e EUT

Non-Conducted
Table

- Ground Referance Plang s

TEST PROCEDURE

1. Connect the antenna port(s) to the spectrum analyzer input.

2. Establish areference level by using the following procedure
Center frequency=DTS channel center frequency
The span = 1.5 times the DTS bandwidth.
RBW =100 kHz, VBW = 3 x RBW
Detector = peak, Sweep time = auto couple, Trace mode = max hold
Allow trace to fully stabilize
Use the peak marker function to determine the maximum PSD level

Note that the channel found to contain the maximum PSD level can be used to establish the reference
level.

3. Emission level measurement
Set the center frequency and span to encompass frequency range to be measured
RBW =100 kHz, VBW = 3 x RBW
Detector = peak, Sweep time = auto couple, Trace mode = max hold
Allow trace to fully stabilize
Use the peak marker function to determine the maximum amplitude level.

4. Place the radio in continuous transmit mode, allow the trace to stabilize, view the transmitter waveform
on the spectrum analyzer.

5. Ensure that the amplitude of all unwanted emissions outside of the authorized frequency band excluding
restricted frequency bands) are attenuated by at least the minimum requirements specified (at least 20
dB relative to the maximum in-band peak PSD level in 100 kHz). Report the three highest emissions
relative to the limit.

TESTRESULTS

Test plot as follows:
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Mode:

Spectrum

| BLE

Test channel:

| 00

T Spectrum m;
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Mode: | BLE Test channel: | 19

Spectrum ] ?
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4.8. Spurious Emission (radiated)

LIMIT

FCC CFR Title 47 Part 15 Subpart C Section 15.209

Date of issue: 2016-07-08

Frequency Limit (dBuV/m @300m) Value
0.009 MHz -0.490 MHz 2400/F(kHz) Quasi-peak
Note:F is test frequency.
Frequency Limit (dBuV/m @30m) Value
0.490 MHz -1.705 MHz 24000/F(kHz) Quasi-peak
Note:F is test frequency.
Frequency Limit (dBuV/m @30m) Value
1.705 MHz -30.0 MHz 30 Quasi-peak
Frequency Limit (dBuV/m @3m) Value
30MHz-88MHz 40.00 Quasi-peak
88MHz-216MHz 43.50 Quasi-peak
216MHz-960MHz 46.00 Quasi-peak
960MHz-1GHz 54.00 Quasi-peak
54.00 Average
Above 1GHz
74.00 Peak

TEST CONFIGURATION
® 9KHz ~30MHz

Turntable

iLoop antenna

Test
Receiver

Ground Plane

Coaxial Cable

® 30MHz ~ 1GHz

I
1
3m
Turntable
\ EUT Tmto 4m
Test i
Receiver | 0.8m
[ ]
|

Ground Plane

Coaxial Cable ;

® Above 1GHz
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: me N
Turntable. ' .

\ EUT. ' lm to 4me
— — 1:5.,-"
Rec aver |
| \.\ 1
Ground Plane N\ I Coasaal Cable. ;
—_— absorbers

TEST PROCEDURE

1. The EUT was tested according to ANSI C63.10:2013 for compliance to FCC 47CFR 15.247 requirements.
2. The EUT is placed on a turn table which is 0.8 meter above ground. The turn table is rotated360 degrees
to determine the position of the maximum emission level.
3. The EUT waspositioned such that the distance from antenna to the EUT was 3 meters.
4. The antenna is scanned from 1 meter to 4 meters to find out the maximum emission level. Thisis
repeated for both horizontal and vertical polarization of the antenna.
5. Use the following spectrum analyzer settings
(1) Span shall wide enough to fully capture the emission being measured;
(2) Below 1GHz, RBW=120KHz, VBW=300KHz, Sweep=auto, Detector function=peak, Trace=max hold;
If the emission level of the EUT measured by the peak detectoris 3 dB lower than the applicable limit,
the peak emission level will be reported. Otherwise, theemission measurement will be repeated using
the quasi-peak detector and reported.
(3) Above 1GHz, RBW=1MHz, VBW=3MHz for Peak value

RBW=1MHz, VBW=3MHz for Average value.

TEST RESULTS

Measurement data:
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B 9kHz ~ 30MHz

‘ Horizontal

‘ Polarization

‘ Worst case mode

Test mode:

Level [dBuV/m]
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Remark:

Receiver Read level+ Transd

1. Level
2. Transd

Antenna Factor+Cable Loss

3. The loop antenna rotated about both vertical and horizontal to find the maximum emission, so only the

worst position (horizontal) was reported.
4. According to the clause 15.31(2),Limit (dBuV/m @3m)

Limit (dBuV/m @300m)+40log(300m/3m)
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Vertical

Worst case mode

Level [dBuVim]
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Worst case mode Horizontal
Level [dBuY/m]
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MHz AdBpv/m dE dBpv/m de cm deg
45.4%0000 15.&0 -1l4.6 40 .0 Z4.4 QF 100.0 224 .00 HORIZONTAL
55. 14,30 -14.7 40 .0 25.7 oQF 300.0 262.00 HORIZONTAL
157. 18.30 -17.4 43.5 Z3.2 QP 100.0 258.00 HORIZONTAL
200. 15.70 -13.6 43.5 27.8 QP 100.0 298.00 HORIZONTAL
552. Z25.00 4.8 4g.0 21.0 QP 300.0 234.00 HORIZONTAL
54z, 34.30 2.3 dg.0 11.7 oF 100.0 110.00 HORIZONTAL
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CHOO for BLE Vertical
goLEVel BV im)
FCC CLASS-E PH
T
50 *3
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[
o0 3 3
4
.1 2
40
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I}1I]I]I] 15040 2000 L L 10000 25000
Frecquency (MHz)
Mark Frequency Feading Anterna Cable Preamp Level Limit vver Remark
fMH=z dBuy dB da fulad dBuy /m dBulf/m limit
L 1198.18 45.23 24.43 4.52 36.51 49.67 74,00 -353.33 Peak
2 1498, 91 49,39 24,78 5,18 36.82 42.44 74,88 -31.56 Peak
i 2003, 17 49,02 28.56 ©.18 37.99 47.71 4,00 -26.29 Peak
4 247.66 44,80 29,11 B.768 37,99 44.62 4,80 _29.38 Peak
5 4809.58 45.21 31.€9  9.21  35.523 49.98 74,00 -24.82 Peak
o FAoa, a2 449,74 35.9/ 10.86 38.16 58.47 74,80 -15.53 Peak
H“Lm.rnp.-l (BN m)
FCCCLASS-E PK
T
G
FCC CLASS-E AV
50
G
0 z "
¢ 114 §7
s |1 R %
20
10
I:=1I]I}I] 15040 2000 SO0 10000 25000
Frequency (MHz)
Mark Frequency Reading Antenna Cable Preamp Level Limit Owver  Remark
fMH=z dBu dB dz s dBuy /m dBulf/‘m limit
1L 1098.76 38.77 2.32  4.27  36.39 39.9754.00 -23.93 Average
2 1299, 77 38,95 24.52 476 36.63 3L.6154.08 -22.39 Average
i 1496.91 39.45 .78 LH.16  36.683 32.5054.00 -21.50 Average
4 4501.49 29,21 30,99 B.O98  3B.22 30,7654, 00 -23.24 Average
5 4809.50 3.9 31.e9 9.21  38.53 34.7354.9080 -19.27  Averapge
o JA09, 02 3L.88 35.9/ 10.86 5. 14 40.6154. 00 -13.39 Average
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CHOO for BLE

Horizontal

a0
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i
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I:=1I]Ei|] 1500 2000 S0O00 10000 25000
Fraquency (MHz)
Mark Frequency Eeading Antenna Cable Preamp Level Limit Ower  Remark
MH=z dBuy dB fulad ds dBuy /m dBul  m limit
L 124473 0.77 M4V 4.6 36.57 43.31 74,08 -39.69 Peak
2 1498, 91 7.1 .78 5,18 36.82 50.18 J4.98 -23.82 Peak
i 1573.19 45.35 .94 5.34 36,99 4L.73 74.08 -32.27 Peak
4 2500,25 45,66 27,99 b.u98  37.6E 42,88 4,88 _31.12 Peak
5 4809.50 46,67 3199 9,21 385.523 47.84 74,08 -26.16 Peak
i 7209, 02 >3.el 3597 18.8b is.18 61./4 4.00 -12.26 Peak
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G W W e

fiHz
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1424.51
1498.91
157319
4809, 58
7200, B2

dBul /m
41.e6
38.76
49.31
39.74
30,28
34.63

dB
24,352
264
2478
21,94
3l.e8
35.97

d5 s
4.27  36.39
.82 3676
5.18  36.63
5.34 36.90
9.21 38.53
&, B i8.149

JdBuY m dBuY Sm limit

33.2554.00
316754, 00
42.3654.00
33,1954 .00
31,9754, 00
43,3654 . 00

-20.7%  Average
-22.3%2 Average
-11.64 Average
-20.88 Average
-22.83 Average
-10.64  Average
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CH19 for BLE

Vertical

Leval (dBuv i)

20
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]
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I}1I]Eil] 1500 2000 5000 00040 25000
Frequency {MHz)
Mark Frequency Reading Antenna Cable Preamp Level Limit Owver  Remark
MHz dBuy fal ] s s dBuy /m dBu/m limit
1L 1496.91 46,46 24.79  5.18 36.63 41.51 74.90 -32.49 Peak
2 19493, 48 49,62 26,69 6,14 37,25 44,60 74,00 -29_.480 Peak
3 3192.37 41.91 28.56 §.43 37.99 49.93 74,00 -33.97 Peak
4 4501.449 42 .65 30.94  B.98  3B.33 44,20 74,88 -29. 88 Peak
5 4883.52 47,2 31.14 9.26  3B.58 49.08 74,98 -24.92 Peak
] /319,96 48.43 36.67 10.8Y 38.13 57.26 /4.8 -16.74 Peak
g LBVl (UBUV M)
FCCCLASS-E PH
T
GO
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>0
10 &
5
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30" i
Z0
10
I:=1I]IJI] 1500 2000 000 10000 25000
Frequency (MHz)
Mark Frequency Reading Antenna (able Preamp Level Limit Owver  Remark
Hz dBU S B o fula] dBuy Sm dABLUY S limit
L 1898.76 38.09 24.32 4.27 36.39 30.8954.98 -23.11 Averags
2 1299, 77 9.8 24.53  4.70 Fb6.63 31.7454 .00 -22.26 Average
30 1498.91 39.14 .79 H.18 36.83 32.1954.08 -21.81 Average
4 724,17 35.88 25,37 L.6h 37.63 29,8754 .00 -24.13 Average
5  4883.52 AL.81  31.14 9.26  38.58 33.62354.00 -20.37  Average
o 7319.94 29,32 6B/ lu.BY 38.13 38.1554.80 -15.8% Average
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CH19 for BLE

Horizontal

Levral {dBUA )
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0
10
I}1EII]I] 1500 2000 BT 10000 25000
Frequency (MHz)
Mark Frequency Reading A&ntenna Cable Preamp Level Limit Ower Remark
MHz dBLY S dB fu s dBuY, 'm dBul  m limit
L 1244.73 49.8% .47  4.64  36.57 42.37 74.88 -31.63 Peak
2 14498, 91 E7.55 24,78 5,18 36.82 50.60 J4.08  -23.48 Pealk
3 2097.51 45.26 26.47 6.33 37.33 40.75 74,00 -33.25 Peak
4 29495 .54 44,495 28.50 B.17 AT.99 43,12 74,98 -30.87 Peak
5 4883.52 46,92  31.14 9.260  35.58 45.74 74,00 -25.20 Peak
i 319,945 58.69 6.8 18.8Y 38.13 59,52 /4.80 -14.48 Peak
30 Lawral {(dBU )
FCC CLASS-E PK
T
G0
FCC CLASS.-B AV
50
; :
40 R
1 " j
30 tio 4
20
10
I}1I]I]I] 1500 111713 5000 10000 25000
Frequency {MHz}
Mark Frequency Reading Antermna (able Preamp Level Limit wer Remark
fiH=z dBuy /m dB fuls fuls dEu /m dBul m limit
L 1898.76 41.34 24.32 4.27 36.39 33.5454 .00 -20.46 Average
2 1424.51 .80 .64 5,823 J6.76 3L.7154.08 -22.29 Average
3 1498, 91 49.45 24.7@ 5.18 36.83 42.5054.08 -11.58 Average
4 7417 35.45 25,37 5.65 37.83 29,4454 .08 -24.56  Averapge
5 4883.52 3l.9g  31.14 9.26 38.58 33.08054.900 -20.28 Average
b 7319.9G 32,19 3R.G7 1089 3E.13 41.6254.00 -12.98 Average
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CH39 for BLE Vertical
a0 Lewal (B A
FCCCLASS-E PH
T
G0 4 E
T 1 FCC CLASSE AV
30
40
30
20
10
I}1I]I]I1 1500 2000 RILL 100040 25000
Frequency (MHz)
Mark Frequency Reading Anterma (able Preamp Level Limit Owver  Remark
fHz ABUY i dB s s dBuy Sm dBuV m limit
L 1496.91 45.37 M.70  LH.16  36.63 41.42 74.00 -32.58 Peak
2995 .54 44,29 28,50 B.1V V.00 42,497 J4.080 -31.93 Peak
3 450L.49 4,37 30,90 5.9 38.33 43.92 74,00 -30.98 Peak
4 4958 .68 54.92 31.1% 9,21 AB.62 Lb.8O /4.88 -17.20 Peak
5  T745L.57 47.69 36.17 10.95 38.15 56.06 74,08 -17.34 Peak
6 leoll.21 35,28 38,40 12.51 38,14 48,65 J4.00 25,95 Peak
B“LE'I.I'-F.-I (B )
FLC CLASS-E PR
iy
i
FCCCLASS-E AV
i
5
10 - :
LRk
30| * 4
2D
1%
I:=1IZII}I] 1500 2000 S000 10000 25000
Frequency (MHz)
Mark Frequency Reading Antenna Cable Preamp Level Limit wer Remark
MH=z dBui/m dB da s dBuy /m dBul  /m limit
L 1096.7G 3g.07 .32 4.7 36.39 30.6754.,00 -23.13 Averags
2 12949, 77 39.8  24.52  4.76 Jb.63 31,7254, 00 -22.28 Average
30 1498.91 39.14 2.7 H.18 36.63 32.1954.00 -21.61 Average
4 L e ) 33.67 25.37 L.65 3r7.83 27.6604.000  -36.34 Average
5 4958.68 39.55 31.18 9.31 38.62 41.4254. 08 -12.58 Average
6 J451.57 20,89 3p.17 10,95 38,15 38.8654.00 -15.14 Average
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CH 39 for BLE

Horizontal

O s L P

LB R e

Levwal {dBUV )

20
FLC CLASS-E PR
T
ﬁ{. - E
3 1 FCC CLASS-B AV
P
50 ¥
i )
40
30
20
10
|}1I]I]I] 15040 2000 G000 10000 25000
Frequency (MHz)
Mark Frequency Reading Antenna (able Preamp Level Limit Owver Remark
fHz dBut /m fal ] s =] dBuy  m dBul m limit
1098.76 45.94  24.32 4.27  36.39 41.14 74.88 -32.86 Peak
149%.91 So.09 24,78 5,18 36,82 50.4 F4.00  -23.9% Pealk
240047 44.31 7.7 6.82 0 37.58 41.13 74.90 -32.87 Peak
273812 43,31 29,88 B.JO 37,99 43,11 74,08 -30.89 Peak
4958. 08 55.44 31.18  9.31 38.62 57.31 74,88 -16.469 Peak
HA51.57 49,649 2b.1l/ 10495 38.15 G58.66 4.08 -15.31 Peak
g LEVEl BV i)
FCC CLASS-E PR
T
G0
FCC CLASS-B AV
50
i 5
40 . ?
I
30 3 4
0
10
|:=1I]Eilil 1500 2000 5000 10000 25000
Frequency (MHz)
Mark Frequency Reading Antenna Cable Preamp Level Limit Ower  Remark
[Hz dBul /m dB fu s dBuY m dBul S m limit
1098.76 41.24 24,32 4,27 36.39 33.4454 .00 -20.56  Average
14498 .91 49,34 24,74 >. 18 ib.82 42.3954. 089 -11.61 Average
724.17 35.99 25,37 5.65 37.ED X9.9854.00 -24.62 Average
4591, 449 Ma.B3 30,99 H.98 0 FH.Z2 28,1854 .00 -25.82 Average
4958, 08 39.29  31.16  9.31 35.62 41.1654.900 -12.81 Average
FA51.57 30,496 36,17 19,495 38,15 39.4354.88 -14.57 Average
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5. Test Setup Photos of the EUT

Conducted Emission

Radiated Emission
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6. External and Internal Photos of the EUT
External photos
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Internal photos
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