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C.2 Maximum Output Power and antenna gain

Test limits:

FCC part RSS part Limits

(b) The maximum peak conducted output power of the intentional
radiator shall not exceed the following:

(3) For systems using digital modulation in the 902-928 MHz,
2400-2483.5 MHz, and 5725-5850 MHz bands: 1 Watt. As an
alternative to a peak power measurement, compliance with the
one Watt limit can be based on a measurement of the maximum
RSS-247 conducted output power. Maximum Conducted Output Power is
15.247 defined as the total transmit power delivered to all antennas and

Clause . . .
(b) (3) antenna elements averaged across all symbols in the signaling

5.4 (4) N . . :

alphabet when the transmitter is operating at its maximum power

control level. Power must be summed across all antennas and
antenna elements. The average must not include any time
intervals during which the transmitter is off or is transmitting at a
reduced power level.
(4) The conducted output power limit specified in paragraph (b) of
this section is based on the use of antennas with directional gains
that do not exceed 6 dBi.

Test procedure:

The Maximum peak conducted output power was measured using the RBW = DTS bandwidth method
defined in paragraph 9.1.1 of FCC KDB 558074 D01 - Guidance for Performing Compliance
Measurements on Digital Transmission Systems (DTS) Operating Under 815.247.

The Maximum conducted average output power was measured using the channel integration method
according to Method AVGSA-2, defined in paragraph 9.2.2.4 of FCC KDB 558074 D01 - Guidance for
Performing Compliance Measurements on Digital Transmission Systems (DTS) Operating Under
§15.247.

The EIRP power (dBm) is calculated by adding the declared maximum antenna gain to the
measured conducted power. The declared maximum antenna gain is 3dBi.

The setup below was used to measure the maximum conducted output power. The antenna terminal
of the EUT is connected to the spectrum through an attenuator, and the spectrum analyzer reading is
compensated to include the RF path loss.

AC/DC
Power
Adapter

Spectrum analyzer

< 10dBATT
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Results tables:

Power [dBm]
Meas.
Duty Frequency Measured Duty cycle Measured
Mode Eyele CH [MHZ] Conducted Conpesaien EIRP | Conducted
(%] RMS PEAK
0 2402 6.52 8.55 11.55 8.06
BLE 62.6 | 19 2440 7.37 9.40 12.40 8.92
39 2480 5.76 7.79 10.79 7.55
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Results screenshot:

Rev. 00
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Max Power Peak - CH19
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Max Power Peak - CH39
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C.3

Test limits:

Test Report N°15081803.TR02

Out-of-band emissions (conducted)

FCC part

RSS part

Limits

15.247 (d)

RSS-247
Clause 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.

15.209

RSS-247
Clause 6.2.2

()

Radiated emissions which fall in the restricted bands, as defined in
§15.205(a), must also comply with the radiated emission limits
specified in §15.209(a):

Field Stregth Field Stregth
(nVv/m) (dBpV/m)
2400/f(kHz) -
24000/f(kHz) - 300
30 - 30
100 40 3
150 43.5 3
200 46 3
500 54 3

Meas. Distance
(m)
300

Freq Range
(MHz)
0.009-0.490
0.490-1.705
1.705-30.0
30-88
88-216
216-960
960-25000

The emission limits shown in the above table are based on
measurements employing CISPR quasi-peak detector except for
the frequency bands 9-90 kHz, 110-490 kHz and above 1000
MHz. Radiated emission limits in these three bands are based on
measurements employing an average detector.

For average radiated emission measurements above 1000 MHz,
there is also a limit specified when measuring with peak detector
function, corresponding to 20 dB above the indicated values in the
table.

Test procedure:

The PSD reference values to determine the -20dB compliance are taken from C.4 Power Spectral

Density.

For Band Edge measurements falling in restricted bands, the following limits in dBm were applied for
the average detector after the conversion from the limits detailed above in dBuV/m, according to FCC
47 CFR part 15 - Subpart C — 8§15.209(a). The limits in dBm for peak detector are 20dB above the
indicated values in the table.

§15.209(a) Converted values
Distance Field strength Field strength Power
Freq. Range (MH2) (m) (microvolts/meter) (dB microvolts/meter) (dBm)
960-25000 3 500 54.0 -41.2

In case of Band Edge measurements falling in restricted bands, the declared Antenna Gain is also
compensated in the graph. The declared maximum antenna gain is 3dBi.
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The setup below was used to measure the out-of-band emissions. The antenna terminal of the EUT is
connected to the spectrum through an attenuator, and the spectrum analyzer reading is compensated
to include the RF path loss.

Spectrum analyzer
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Band Edge results Screenshot:

Rev. 00

BLE

BE Low Freq Section, CHO

e At
TOF
@ 1Pk Max

Spectrum l

Ref Lavel 5,00 dgm

v

& RBW 100 kHz

1508 & SWT 10ms & VBW 300 kHz

Mode auto Sweep

10 dém

l

D)

5.000 JGny

T

|

M1

-60 dBm
T RN

0 dBm

40500 MMz

Mi[1]

-10 dBm— %D

-20 dBmy

-11.960 dBry

|

24020250 GHz

-58.10 dB,

9.06 dBm

30 dBmy

40 dBm

-50 dim

——t—

') N

—

bt

o TR 7]

-70 dBm

sl P PETITRIE S S

80 dBm

n

CF 2.392 GHz

1000 pts

Marker

Type | Ref | Tre |
FDx

X-value

| Y-value

| __Function

Span 50.0 MHz

M1
02|
03|
D4

M1
M1/
M1

b e

2.4 GHz |

2,402025 GHz |
«2.35 MMz

-4.95 MHz |
“4.05 MMz

-11.96 d&m
8.06 dam

-54.53 08

58,3768
-58,10 08

-

)

Deate: 25 AUG. 2015 162330

)

Function Result

T

BE High Freq Section (restricted), CH39

-

Spectrum l “.?
Ref Level B.00 dém Offsat 3,00 o2 w» RBW 1 MHz
e AL 1508 » BWT 15 » VBW 3 MH2  Mode Auto Sweep
TOF
@ 1Pk Max@2Rm Max
Limit Gheck PARS M2[21 53.20 dBm
Ling Linit_PEAK PARS 2.4834930 GHz
10 dBImve-t-ivit—sens- ey Mif1] -134.685 dBm)|
600 B ,7 Y“ 2.4840000 GH2
J
0 dBm - ‘\\
-10 dBm - \
J |
/ l
-20 dBm ' -
{ lLIr‘If":c_;‘)
/ |
30 dBmy 7 { Tl
T i
p A
40 dBm S #45' Lime Sas ) r——
it e W L ] g X
50 dBm // LK\ Kl e Aunilohil R
W T ~— 1\
-70 dBm 52
k|
Start 2.46441 GHz 691 pls S!# 2.5 GHz

Date: 26 AUG. 2015 163801

4

)

FO-014: Test Report

286 of 305



Test Report N°15081803.TR02

Spurious results Screenshot:

Rev. 00

BLE, CHO

Cond Spur, 30MHz - 9GHz

.

Deate: 25 AUG. 2015 1746 55

Spectrum  # l n?
Ref Level 5.00 dém Mode Auto Sweap
@1 Max
mz2[1) 56,38 dBam
6.9920170 GH2
10 dém
5.000 <Brv Mi[1] 46.29 JBm,|
0 dBm } 24788150 GHz
=10 dBm—ftcry 11020 dind
20 dém
=30 dBm
-40 dBm =
\
50 dBm 2
-60 dBm— 1
0 m
l [ I [
Start 30.0 MH2 90002 pts Stop 9.0 GH2
 Spurious Emissions ]
Range Low Range U | RBW | Frequency | Powerabs | Auimit |
30.000 MHz | 3.000 GHz 100,000 kM2 2,40199 GH2 7.84 dBm -200.00 4B
3.000 GHz | 6.000 GHz | 100,000 kHz 5,04425 GHz -57.35 dém -200.00 8
6,000 GHz 9,000 GHz 100.000 kM2 5.99232 GH2 ~56.38 dBm -200,00 B |
Marker .
Type | Ref | Tre | X-value | Y-volue | Function | Function Result J|
FOX| 0.0 Hz -11.92 dbm ,
M1 |1 2.478815 GHz | -46.29 dém ,
M2 1 6.952317 GM2z ~56.36 ddm |
N ' ¢ aw

)

Cond Spur, 9GHz — 18GHz

Spectrum  # l

Ref Level 5.00 dém

Mode Auto Sweap

@1 Max

10 dém

mi[1)

39,10 diém
16.2679000 G2

5000 d8m

0 dBm

-10 dbm—rt;

-11.920 dBrr

-20 dBm

-30 dBm

-40 dBmy

-50 dBm

-60 dBr

(253 l

l l l I l l

l

Start 9.0 GHz

Q0002 pts

Stop 18.0 GHz

| Spurious Emissions

Range Low ] Range Up

| RBW |

Frequency |___Power Abs

| ALimit |

9.000 GHz |
12,000 GHz |
15,000 GHz

12.000 GHz |
15,000 GHz |
1B.000 GHz

100,000 kHz
100,000 KMz
100,000 kHz

9.60705 GHz
12,28494 GHz
17.29647 GHz

-59.24 dBm
-58.97 dim

-50.92 dBm

-200.00 d8
-200,00 08
-200,00 ¢8|

Marker

Type | Ref |

X-value

|

Y-value | Function |

Function Result

Tre |
FOX| | |
M1 1

16,257908 GMz

0.0 Hz | -11.92 dém

-59.10 dm

)

Deate: 26 AUG 2015 174802

.

)

T

FO-014: Test Report

287 of 305



Test Report N°15081803.TR02

Cond Spur, 18GHz - 26.5GHz
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BLE, CH19

Cond Spur, 30MHz — 9GHz
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Cond Spur, 18GHz - 26.5GHz
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BLE, CH39

Cond Spur, 30MHz — 9GHz
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Cond Spur, 18GHz - 26.5GHz
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o} Power Spectral Density

Test limits:

FCC part RSS part Limits
For digitally modulated systems, the power spectral density
conducted from the intentional radiator to the antenna shall not be
RSS-247 greater than 8 dBm in any 3 kHz band during any time interval of
continuous transmission. This power spectral density shall be
15.247 (e) Clause 5.2 d : ; ith th o f h ¢
2 gtermlngd in accordance with the provisions of paragrap (b) o
this section. The same method of determining the conducted
output power shall be used to determine the power spectral

density.

Test procedure:

The maximum peak power spectral density level of the fundamental emission was measured using the
method PKPSD, defined in paragraph 10.2 of FCC KDB 558074 D01 - Guidance for Performing
Compliance Measurements on Digital Transmission Systems (DTS) Operating Under §15.247.

The maximum average power spectral density level of the fundamental emission was measured using
the method AVGPSD-2, defined in paragraph 10.5 FCC KDB 558074 D01 - Guidance for Performing
Compliance Measurements on Digital Transmission Systems (DTS) Operating Under §15.247.

The setup below was used to measure the power spectral density. The antenna terminal of the EUT is
connected to the spectrum through an attenuator, and the spectrum analyzer reading is compensated
to include the RF path loss.

The declared maximum antenna gain is 3dBi.

AC/DC
P r Spectrum analyzer
Adapter

10dB ATT
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Results tables:

PSD RMS
PSD RMS [dBm]
Meas.
Mode Duty CH Frequency | Measured Duty cycle
Cycle [MHZz] Conducted | Compensated
[%]
0 2402 -0.09 1.94
BLE 62.6 19 2440 0.77 2.80
39 2480 -0.7 1.33
PSD Peak

Note: these PSDpey Values are shown just as a reference for the compliance of the Out-of-band

Measurements, thus the RBW used for these measurements was 100kHz.

In any case, the corresponding PSD Peak value at 3kHz can be derived from these results by using

the RBW correction:

PSDpeqi @3kHz = PSDpoq @100kHz — 10log <

100kHz>
3kHz

For the maximum PSDpe,, Value found (8.93dBm), the corresponding PSDpegy at 3kHz is -6.30dBm.

PSD PEAK [dBm]
Frequency Measured
Slett CH [MHZz] Conducted
0 2402 8.08
BLE 19 2440 8.93
39 2480 7.48
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Results screenshot:

Rev. 00

BLE

PSD PEAK - CHO

Spectrum

=)

Ref Laval 10,00 d8@m

TOF

= AL 20 dB & EWT 5.5me & YBW 300 kHz Mode Auto FFT

& RBW 100 kHz

1Pk Max

-l 10,000 dBrm

0 dBm

Mi[1] B.08 dBmy
240200450 GHz|

-10 dBm

-

.-

=20 dBm

=40 dBrm

50 dirm

=60 dBm

-7 dBm

CF 2402 GHz
—_—

L. N

Date: 28 AUG 205 1608335

500 pts Span 1.5 MHz
- L

PSD RMS - CHO

Spechrum

Ref Laval 10,00 d8@m

SGL Count 1007100

TOF

& RBW 100 kHz
e AL 20 dB & SWT 5ms & VBW 300 kHz Mode &uto FFT

@ 1Fm Avglog

O dBri

Fi[1] 0.09 dBm|
[E] 2. 401FB0G0 GHZ|

-10 dBm

-20 dBm

-30 dBm

=40 dBrry

=50 dBm

-60 dBrm

=

-7 AR

-B0 dBm

CF 2.402 GHz
——

L. N

Date: I8 AUG. 2015 160654

900 pts Span 5.0 MHz

FO-014: Test Report

295 of 305



Test Report N°15081803.TR02 Rev. 00

PSD PEAK - CH19
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PSD PEAK - CH39
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Standard references:

Radiated spurious emission

FCC part RSS part Limits
Radiated emissions which fall in the restricted bands, as defined in
815.205(a), must also comply with the radiated emission limits
specified in §15.209(a):
Freg Range Field Stregth Field Stregth Meas. Distance
(MHz) (LV/m) (dBuVv/m) (m)
0.009-0.490 2400/f(kHz) - 300
0.490-1.705 24000/f(kHz) - 300
1.705-30.0 30 - 30
30-88 100 40 3
88-216 150 43.5 3
RSS-247 216-960 200 46 3
15.247 (d) Clause 5.5 960-25000 500 54 3

The emission limits shown in the above table are based on
measurements employing CISPR quasi-peak detector except for
the frequency bands 9-90 kHz, 110-490 kHz and above 1000
MHz. Radiated emission limits in these three bands are based on
measurements employing an average detector.

For average radiated emission measurements above 1000 MHz,
there is also a limit specified when measuring with peak detector
function, corresponding to 20 dB above the indicated values in the
table.

Test procedure:

The setups below were used to measure the radiated spurious emissions.

Depending of the frequency range and bands being tested, different antennas and filters were used.
The final measurement is done by varying the antenna height from 1 to 4 meters, the EUT azimuth
over 360° and for both Vertical and Horizontal polarizations.

The radiated spurious emissions were measured on the worst case configuration selected from the
chapter C.2 Maximum Output Power and antenna gain and using the lowest, middle and highest

channels.

Radiated Setup < 1GHz

Rack weh

and low noise

ltodm

Turn table
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Radiated Setup 1GHz - 18GHz

Rack with
filters, switches 1
__ Spectrum analyzer wmm T
=

Radiated Setup > 18GHz

Rack with
. Tilters, switches
pectrum anslyzer “wm 2

Turn table

Turn table
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Test Results:
Bluetooth BLE
Radiated Spurious — 30MHz - 26.5GHz - CHO
55 : J\'
= Peak measurements AVG measurements | imit FCC AVG ' Limit FCC Peak
Frequency Max Peak AVG Limit Margin
MHz dBuVv/m dBuV/m dBuV/m dB
32 25.9 46 20.1
4803 53.3 74 20.7
4803 44.1 54 9.9
18000 57.3 74 16.7
18000 45.4 54 8.6
18500 47.7 75 26.3
18500 36.4 54 17.6
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Radiated Spurious — 30MHz - 26.5GHz - CH19

Levelin dByV/im

80
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s
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401
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o
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80 100M

Peak measurements

200 300 400 500

AVG measurements

2G

Freqguency in Hz

4G 5G 6

| imit FCC AVG

20G 26.5G

'+ Limit FCC Peak

Frequency Max Peak AVG Limit Margin
MHz dBuVv/m dBuVv/m dBuVv/m dB
32 25.9 46 20.1
4879 52.7 74 21.3
4879 457 54 8.3
18000 57.3 74 16.7
18000 45.4 54 8.6
18500 47.7 75 26.3
18500 36.4 54 17.6
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Radiated Spurious — 30MHz - 26.5GHz - CH39
55 : \\'
= Peak measurements AVG measurements | imit FCC AVG ' Limit FCC Peak
Frequency Max Peak AVG Limit Margin
MHz dBuVv/m dBuVv/m dBuVv/m dB
32 25.9 46 20.1
4959 52.6 74 21.4
4959 46.9 54 7.1
18000 57.3 74 16.7
18000 45.4 54 8.6
18500 47.7 75 26.3
18500 36.4 54 17.6
FO-014: Test Report 302 of 305



	8. Document Revision History
	C.2 Maximum Output Power and antenna gain
	C.3 Out-of-band emissions (conducted)
	C.4 Power Spectral Density
	C.5 Radiated spurious emission


