MCS7 Data Rate:

Channel 1
G- Aglent  20:2T:2% Aug 7, 2818
Mkrl 241345 GHz
Ref 28 dEm Atten 10 dB Ext PG -29 dB 1.91 dBm
et [Marker |
Log
1 1
#0191 dBe %
-3 gE
Center 2,412 GHz Span 3@ MHz
Res EH 388 kHz #/EH 308 kHz Sweep & ms (BO1 pra)
Occupied Bandwidth Oce BH % PWr 9900 7
17.7553 MHz xd6 609 d5
Transmit Freq Error 24938 KMz
# dB Bandwidth 17.319 MHz
[ ]
Channel 6
= Aglent 2BI3ME Aug 7, 2018
Mkrl 243945 GHz
Ref 28 dEm Atten 10 dB Ext PG -29 dE 1.212 dBm
wPeak [
5’ gﬁswauu
g 12
B 3o ——%
“ha )
Center 2,437 GHz Span EB.MHz
Rz BH 208 kHz #EH 388 kHz Sweep B ms (BAL prs)
Occupied Bandwidth Oce BM £ Pur 9908 7
17.7608 MHz nd  -609 8
Transmit Freq Error 3120 KMz
¥ dB Bandwidth 17.465 MHz
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Channel 11

o Aglent 20:5225 Aug 7, 2818
Mkrl 2.4B385 GHz
Ref 2€ dEBm Atten 10 dB Exx PG -20 dB 8,986 dBm
Prealk |
Log
5 | GHz
dB/
' &
- L+ i
T |
Center 2462 GHz Span 3@ MHz
aRes BH 200 kHz #/EH 388 kHz Sweep & ms (BRL prs)

Occupied Bandwidth

17.73596 MHz

Transmit Freq Error 12127 KMz
¥ dB Bandwidth 17,564 MHz

Oce BH X Pur LT )
x db -G080 dB
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EXHIBIT 8. BAND EDGE MEASUREMENTS

8.1 - Method of Measurements

FCC 15.209(b) and 15.247(d) require a measurement of spurious emission levels to be at least 20
dB lower than the fundamental emission level, in particular at the Band-Edges where the intentional
radiator operates. Also, RSS 210 Section 2.2 requires that unwanted emissions meet limits listed in
tables 2 and 3 of the same standard and also to the limits in the applicable annex. The following
screen captures demonstrate compliance of the intentional radiator at the 2400-2483.5 MHz Band-
Edges. The EUT was operated in continuous transmit mode with continuous modulation, with
internally generated data as the modulating source. The EUT was operated at the lowest channel
for the investigation of the lower Band-Edge, and at the highest channel for the investigation of the
higher Band-Edge.

The Lower Band-Edge limit, in this case, would be -20 dBc with respect to the fundamental level.

The Upper Band-Edge limit, in this case, would be + 54 dBuV/m at 3m.

Bluetooth with Dipole Antenna:

Screen Capture Demonstrating Compliance at the Lower Band-Edge

5 Agilent 22:18:36  Jan 23, 2612 R T I Peak Search

Meas At Hkr EMI Peak: Presel: Next Peak
_ 2.4% GHz : Input: RF Path: Bypass
Emissions EMI Auwa: -
Marker a 1.827600 MHz Next Pk Right
Atten 16 dB
Next Pk Left
Min Search

Pk-Pk Search

Mkr 3 CF

More
1of 2

#UBH 1 MHz
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Screen Captures Demonstrating Compliance at the Higher Band-Edge

i Agilent 20:59:41 Jan 23, 2812 R T | PeakSearch

Presel: Next Peak
Input: RF Path: Bypass

Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

Mkr > CF

More
lof2

Res BH : WUBH 1 MHz 1
File Operation Status, C:\AHORN39.ANT file loaded

5 Agilent 20:5%:14 Jan 23, 2612 R T | PeakSearch

Presel: Next Peak
Input: RF Path: Bypass
Next Pk Right
Next Pk Left
Min Search

Pk-Pk Search

Mkr 5 CF

More
1of 2

#\EW

File Operation Status, C:\AHORN39.ANT file loaded
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Bluetooth with PIFA Antenna:

Screen Capture Demonstrating Compliance at the Lower Band-Edge

i Agilent 22:00:08 Jan 23, 2812 R T | PeakSearch

Meas At Mkr EMI Peak:1@1. ' Presel: Next Peak
o 2.48 GHz  @p: 108, Y Input: RF Path: Bypass
Emissions EMI Awg: 85.4
Marker Fa 2@@54@@ MHZ Next Pk Right
! ] Atten 16 dB 1 .I
Next Pk Left
Min Search

Pk-Pk Search

Mkr > CF

More

WUBH 1 MHz Lofe

Printer not responding

Screen Captures Demonstrating Compliance at the Higher Band-Edge

5 Agilent 21:48:29 Jan 23, 2012 R T | PeakSearch
eas At Mkr EMI Peak: Next Peak
- 2.458 GHz : Input: RF Path: Bypass
Emissions EMI Aug:
Marker 2.483848500 GHz Next Pk Right
Next Pk Left
Min Search

Pk-Pk Search

Mkr > CF

More
lof2

#YBW 1 MHz

Printer not responding

LS Research, LLC Page 57 of 97

Prepared For: LS Research | Model Number: TiWi-BLE | Report #: 311258
EUT: Tiwi-BLE Serial Number: 031202 LSR Job #: C-1285




< Agilent 21:48:13 Jan 23, 2012 R T I Peak Search

Presel: Next Peak
Input: RF Path: Bypass

Next Pk Right
Next Pk Left
Min Search
Pk-Pk Search

Mkr 3 CF

: 3 More
#YBH 18 Hz 1. - 1af2

Printer not responding

WLAN:

Screen Capture Demonstrating Compliance at the Lower Band-Edge
& Agilent 10:37:17 Fug 8, 2619 R T | Trace

Trace

Meas At Mkr EHI Feak:]Bz, ! Presel: 5
5,-11 EH: ﬁf“ F;a igggg %ﬂ:‘l nputs RF Fath: Bynaasl 1 < 3
: g 198, L —

Emi=sions

Clear Hrite

e |

Hax Hold

#Hiten 29 dB

Min Hold

View

Blank

b~

More
Lok

[EH 1 MHz SWeep

Copyright 2000-2009 Agilent Technologies
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Screen Capture Demonstrating Compliance at the Higher Band-Edge

R T |Peak Search

£ Agilent 12:11:32 Rug 8, 2618

Itags FI& MEkr H] Peak: ?% d uLi' Prasel:
g g uy Input: RF Path: Bypass

I!'ﬂ Fivg:

sFtten @ dB

fJBH 18 Hz

Fila Operation Status. C:\BHORNZM3.ANT file loadad

Next Peak

Next Pk Right.

Next Pk Left

Min Search

Pk-Pk Search§

Mkr 3 CF

More|
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EXHIBIT 9. POWER OUTPUT (CONDUCTED): 15.247(b)

9.1 - Method of Measurements

The conducted RF output power of the EUT was measured at the antenna port using a short RF
cable. The unit was configured to run in a continuous transmit mode, while being supplied with
typical data as a modulation source. The spectrum analyzer was used with resolution and video
bandwidths set to 3 MHz, and a span of 20 MHz, with measurements from a peak detector
presented in the chart below.

9.2 - Test Equipment List

A complete list of test equipment that was used for this test can be found in Appendix A.

9.3 - Test Data

Bluetooth with Dipole Antenna:
Transmitter | Freq Pei‘n'::r:""“: at | calculated|  Conducted EIRP
Channel (MHz) Terminal EIRPm Power Limit Limit
(dBm) (dBm) (dBm) (dBm)
1 2402 8.00 12.30 30.0 36.0
40 2442 7.70 12.00 30.0 36.0
79 2480 7.30 11.60 30.0 36.0
_Bluetooth with PIFA Antenna:
Transmitter | Freq Pe‘;‘;‘n'::r‘l’:;r at | calculated Conducted EIRP
Channel (MHz) Terminal EIRP(1) Power Limit Limit
(dBm) (dBm) (dBm) (dBm)
1 2402 8.00 7.40 30.0 36.0
40 2442 7.70 7.10 30.0 36.0
79 2480 7.30 6.70 30.0 36.0
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Bluetooth BLE with Dipole Antenna:

Transmitter Freq Peiknlt’:rmzr G Calculated Conducted EIRP
Channel (MHz2) Terminal EIRP“) Power Limit Limit
(dBm) (dBm) (dBm) (dBm)
0 2402 9.81 14.11 30.0 36.0
20 2442 9.86 14.16 30.0 36.0
39 2480 10.05 14.35 30.0 36.0
Bluetooth BLE with PIFA Antenna:
Transmitter Freq Pe;knl::rmzr at Calculated Conducted EIRP
Channel (MHz) Terminal EIRP“) Power Limit Limit
(dBm) (dBm) (dBm) (dBm)
0 2402 9.81 9.21 30.0 36.0
20 2442 9.86 9.26 30.0 36.0
39 2480 10.05 9.45 30.0 36.0
WLAN 1Mbps with Dipole Antenna:
Transmitter Freq Pei{(nlt’:rmzr G Calculated Conducted EIRP
Channel (MHz) Terminal EIRP“) Power Limit Limit
(dBm) (dBm) (dBm) (dBm)
1 2412 19.54 23.84 30.00 36.0
6 2437 19.67 23.97 30.00 36.0
11 2462 18.80 23.10 30.00 36.0
WLAN 1Mbps with PIFA Antenna:
Transmitter Freq Pea’l(nli’:r\::l;r at Calculated Conducted EIRP
Channel (MHz) Terminal EIRP“) Power Limit Limit
(dBm) (dBm) (dBm) (dBm)
1 2412 19.54 18.94 30.00 36.00
2437 19.67 19.07 30.00 36.00
11 2462 18.80 18.20 30.00 36.00
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WLAN MCS7 with Dipole Antenna:

Peak Power at

Transmitter Freq Antenna Calculated Conducted EIRP
Channel (MHz.) Terminal ( dlg:?\?“) PO\Z\;eBrrti)mit (Iaiénr:)
(dBm)
1 2412 13.07 17.37 30.00 36.00
2437 12.66 16.96 30.00 36.00
11 2462 12.22 16.52 30.00 36.00
WLAN MCS7 with PIFA Antenna:
. Peak Powerat | o 0 lated|  Conducted EIRP
Transmitter Freq- Antenna . . . .
Channel | (MHz) Terminal ( d'gl':')’m P°‘Z‘;e|;;')m't ('a'l'a“r:)
(dBm)
1 2412 13.07 12.47 30.00 36.00
2437 12.66 12.06 30.00 36.00
11 2462 12.22 11.62 30.00 36.00
™ EIRP Calculation:
EIRP = (Peak power at antenna terminal in dBm) + (EUT Antenna gain in dBi)
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9.4 - Screen Captures - Power Output (Conducted)

Bluetooth:

Channel 1
o Aglent 1004856 Aug B, 2818 ! Peak Search |
Mierl 2481833 GHz
Ref 15 dEm Aten 15 B Ewxt PG -10 dB 7.953 dBm
sPaak 1 Heas Tools:
Log ¢
18
db/ Next Peak
Hext Pk Right
Next Pk Left
Hl 52
43 FC Hin Search
A AR
Marker
2 18737773 GH- Pk-Pk Search|
7.953 dBm
Coneer 2402 GHz Span 5 HHz lHOfI‘E
sfes BH 1 MHz oVEH 3 HHz Sweep § ms (681 pts) v
]
Channel 40
o Aglent 11:21:1% Aug 8, 2al@ ! Peak Search |
Mierl 2441892 GHz
Ref 15 dEm Atken 15 B Ewxt PG -10 dB 7.785 dBm
sPask 1 Heas Tools
Log d
ia
dB/ Next Peak
Next Pk Right
Mext Pk Left
Hl 52
43 FC Hin Search
A AR
Marker
-2.4-‘1 EEE - Pk-Pk sﬂ‘ar¢h|
7.785 dBm 1
Center 2,441 GHz Span 5 HHz lHOFI‘g
sfes EH 1 MHz oVEH 3 HHz Sweep § ms (681 pts) v
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Channel 79

= Aglent 19:3302 Aug 9, 2818 Peak Search |
Wkrl 2479833 GHz

Ref 18 dEm Aten 10 B Ext PG -10 dB 7.347 -:IE:'.I
Peak L Heas Tools:
Log ! |
1@
w : { . Next Peak
B Next Pk Right
Next Pk Left
HL 52 | 1 —
53 FC Hin Search
A AR
Marker
12479833333 GH= Pk-Pk Search
7.347 dBm
Convar 2,48 GHz Span 5 HHz H':"FFE_:
sfes BH 1 MHz oVEH 3 HHz Sweep & ms (681 pts) e
]
Bluetooth BLE:
Channel 0
e, -'+;_.
Atten 15 4B Ext PG =11.6 dB !
T Heas Tools:
e
Next Peak
Next Pk Right
Hext Pk Left
3 FL Min Search
FA
Marker
e I
24018000008 GHz PR-Pk Search
9813 dBm T
GHz 5pan 28 MHz Hore
Sweep 4 ms (481 pes) 1ot 2
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Channel 20
Agilent 11:91:20 Jan 20, 2012

_| Peak Search

Heas Tools
Hext Peak
Next Pk Right
Next Pk Left|

Min Search;

Marker T . :
2441800000 GHz | | A
9.86 dBm

447 Ghz More|

1af 24

Channel 39
& Agilent  11:02:37 Jan 20, 2012

Peak Search
Meas Tools
Hext Peak|
Next Pk Right
Next Pk Laft

Min Search)

Pk-Pk Search|

Hore!
1"af 2
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WLAN 1 Mbps Data Rate:

% Agilent

Ref 29 dEm

Channel 1

14:81:2% Rug 8, 2018

Atten 20 dB Ext PG =10 4B

oPeak

Log

14

di/

RBH

1100.0000000 kHz

Center 2412 GHz

Span 30 MHz

"Res EH 109 kHz VEH 188 kHz Swesp 4 ms (481 prs)
Channel Power Power Spectral Density
19,54 dBm /20.0000 MHz -53.47 dBm/Hz
| |
Channel 6

= Aglent

Ref 2¢ dBm

14:84:33 Aug 8, 2018

Atten 28 dB Ext PG =18 4B

oPeak

Log

14
dBs

Lenter.

2437

Center 2,437 GHz
sRes BH 108 kHz

Channel Power

VEH 189 kHz

19.67 dEm /20.0000 MHz

Span 3@ MHz
Sweep 4 ms (401 pra)

Power Spectral Density

-53.34 dBm/Hz
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WLAN MCST7:

Channel 11

- Aglent  14:95:59 Aug B, 2818
Ref 28 dEm Atten 20 dB Ext PG -1 4B
WPrealk |
Log T
19 - .
dB/
Lenter .
2462 =z

Cenver 2462 GHz

Span 38 MHz

aRes BH 1908 kHz VEH 1989 kHz Sweep 4 ms (491 prs)
Channel Power Power Spectral Density
18.80 dBm /20.6080 MHz -54.21 dBm/Hz

]
Channel 1

o Agilent 148332 Aug §, 2810

Ref 28 dEm Atten 20 dB Ext PG =10 dB

oPeak

Log

19 e

dBs

120,00

ati

nBH

|

Center 2,412 GHz
sRes BH 300 kHz

Channel Power

13.07 dEm /20.0000 MHz

WWEH I MHz

Span 3@ MHz
Sweep 4 ms (401 pra)

Power Spectral Density

-59.95 dBm/Hz
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Channel 6

= Agilent 1411851 Aug 8, 2019
Ref 28 dBm Atten 28 dB Ext PG =18 4B
oPuak
Log
14 o
des

Center

2437 GHz

|

Center 2.437 GHz

Span 38 MHz

sRes BH 300 kHz sYEH 3 MHz Sweep 4 ms (401 prs)
Channel Power Power Spectral Density
12.66 dBm /20.0000 MHz -60.35 dBm/Hz
|
Channel 11
= Agilent  14:11:54 Aug B, 2818
Ref 28 dEm Atten 20 dE Ext PG -19 4B
Pealk |
Log [
18 T UL PR E— -
dB/
Lenter
2462 rd
Center 2462 GHz Span 3@ MHz

sRes BH 300 kHz *EH 3 MHz

Channel Power

12.22 dEm /20.0000 MHz

Sweep 4 ms (491 prs)
Power Spectral Density

-60.79 dBm/Hz
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EXHIBIT 10. POWER SPECTRAL DENSITY: 15.247(e)

10.1 - Limits

For digitally modulate systems, the power spectral density conducted from the intentional radiator

to the antenna shall not be greater than 8 dBm in any 3 kHz band during any time interval of
continuous transmission.

In accordance with FCC Part 15.247(e) and RSS 210 A8.2(b), the peak power spectral density
should not exceed +8 dBm in any 3 kHz band. This measurement was performed along with the
conducted power output readings performed as described in previous sections. The peak output
frequency for each representative frequency was scanned, with a narrow bandwidth, and reduced
sweep, and a power density measurement was performed. The highest density was found to be no
greater than -3.3 dBm, which is under the allowable limit by 11.3 dB.

10.2 - Test Equipment List

A complete list of test equipment can be found in Appendix A.

10.3 - Test Data

Bluetooth BLE:

RF Power Level

Transmitter | Frequency In 3 kHz BW Limit Margin Comments
Channel (MHz) (dBm/3 kHz) (dBm/3 kHz) (dB) Pass/Fail
0 2402 -4.9 8.0 12.9 Pass
20 2442 -4.9 8.0 12.9 Pass
39 2480 -4.8 8.0 12.8 Pass
WLAN 1Mbps:

RF Power Level

Transmitter | Frequency In 3 kHz BW Limit Margin Comments
Channel (MHz) (dBm/3 kHz) (dBm/3 kHz) (dB) Pass/Fail
1 2412 -4.3 8.0 12.3 Pass
2437 -3.3 8.0 11.3 Pass
11 2462 -4.1 8.0 12.1 Pass
WLAN MCS?7:
: RF Power Level I :
Transmitter | Frequency In 3 kHz BW Limit Margin Comments
Channel (MHz) (dBm/3 kHz) (dBm/3 kHz) (dB) Pass/Fail
1 2412 -16.0 8.0 24.0 Pass
2437 -16.0 8.0 24.0 Pass
11 2462 -15.8 8.0 23.8 Pass
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10.4 - Screen Captures - Power Spectral Density
Bluetooth BLE:

Channel 0
Agilent 12:09:51 Jan 20, 2012

.| Peak Search

Channel 20

Agilent 1218100 Jan 28, 2012 . Peak Search

Heas Tools
Next Peak
Next Pk Right
Hext Pk Left|
Min Search

Pk-PE Search

More,
1 of 2

Meas Tools
Next Pﬂﬂk:
Next Pk Right

Next Pk Left

Min Search
2442001250 GHz | | | | Pk-Pk Search,
-4893 dBn | —
: 1 of 2,
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Agilont

iHarker
2.4800000008 GH=z
-4.813 dBm

WLAN 1 Mbps:

4 Agilent

Ref 28 dBm

Channel 39

12:4@8:56 Jan 20, 2812

o/BH 184 kHz

Channel 1

211788 Aug 7, 2818

Atten 10 dB Exx PG -20 dB

. Peak Search

Mkrl 2411364833 GHz
-4.287 dBm

Log LT
=

ol |

*Feak [Marker
i

£.411

i/ |-4.28

oy
DH030 ORZ

dBm

Tres

Hl 52

53 F5

A AR

Center 2.411 GHz
sRes BH 3 kHz

+/BH 188 kHz

'ip;:q CRA kHz
sSweop 200 5 (6O pes)

Heas Tools
Next Paak;‘
Next Pk Right|
Next Pk Left:
Min Search

PE-Pk Search

Hore!
1 of 2
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% Agient
Ref 28 dBm

215036 Aug 7, 2018

Atten 18 dB Ext PG =28 dB

Channel 6

Mkrl 2.436327499 GHz

=3.287 dBm

*Pesk [Mark
Log

L}

5 [24363274

dgs =32

GHZ

.

Ml %2
53 F%

A AR

Center 2,437 GHz
sfes BH 3 kHz

+\BH 1088 kHz

Span S0 kHz

“iweep 208 s (61 prad

Channel 11
= Aglent 21031312 Aug 7, 2818
Mkrl 2.d6261833F GHz|
Ref 28 dEm Atven 19 dB Ext PG -20 dB -4,115 dBm
sPaak MarHer Heas Tools:
Log e . L
g [2462618333 6H=
ditd 1=4.115 dBm Hext Peak
Hext Pk Right
1
i
7| Mext Pk Left
HL $2]
53 F% Hin Search|
a Al
Pk=Pk Search
Conter 2.462 GHz Span 500 FHz l"":f" y:

shas BH 3 kHz

sWEH 188 kHz

sSwaep 200 5 (B8] pts)

[ResBH3KHz VBN 109 KHz  eSweep 200 5 (601 prs) |
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WLAN MCS7:

= Agilent

Channel 1

2112 Aug 7, 2010

Peak Search
Hirl 2413244588 GHz|

Fef 5 dBEm Ateen 5 d8 Ext PG -20 dB -15.96 dBm
*Fest [Marler Meas Tools:
Log
¢ 24t Hz
d&/ =156 dBm Wext Peak
. Hext Pk Right
b
Mext Pk Left
Hl 52
53 F5 Hin Search
A AR
Pk=Pk Search|
Conter 2413 GHz Span 500 kHz rt

sRes BH 3 kHz

sEH 188 kHz

sSweep 200 5 (B8] pts)

Channel 6
e Aglent  21:46:42 Aug 7, 2018 Peak Search
Hirl 2438243999 GHz]
Ref 5 dEm Atven 5 8 Ext PG -20 dB -16.01 dBm
*Peak [MarHer Heas Tools:
Log = L
g . 939 0MZ
dit/ 1=1681 dBm Hext Peak
4 Hext Pk Right
Next Pk Left
Hl 52
4% F3 Hin Search
A AR
Pk=Pk Search)
Conver 2,438 GHz Span 509 kHz III"I-:nan‘g
sfes BH 3 kHz sVEH 188 kHz sSweap 200 5 (681 pts) v
]
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= Aghent 215212 Aug 7, 2008

Channel 11

! Peak Search |
Mrl 2.46324316% GHz

Ref 5 dEm

Ateen 5 8 Ext PG =208 dB

=15.79 dBm

oPeak MarHer Heas Tools:
Log F e
g [Z2A463243166 G4z
di/ | =15/79 Hext Peak
A Next Pk Right
=
Next Pk Left
Ml $2
3 F4 Hin Search
B AR
Pk-Pk Search
Conter 2,463 GHz Span 509 kHz l“?{g

shas BH 3 kHz

shEH 108 kHz soweap SAB 5 (681 prs)
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EXHIBIT 11. SPURIOUS CONDUCTED EMISSIONS: 15.247(d)

11.1 - Limits

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.

In addition, radiated emissions, which fall in the restricted band, as defined in Section 15.205(a),
must also comply with the radiated emission limits specified in Section 15.209(e)

Remarks:

Applies to harmonics/spurious emissions that fall in the restricted bands listed in Section 15.205.
The maximum permitted average field strength is listed in Section 15.209.

The emission limits as specified above are based on measurement instrument employing an
average detector. The provisions in Section 15.35 for limiting peak emissions apply.

FCC 47 CFR 15.205(a) — Restricted Frequency Bands

MHz MHz MHz GHz
0.090 - 0.110 162.0125 — 167.17 2310 — 2390 9.3-95
0.49 — 0.51 167.72 —173.2 2483.5 — 2500 10.6 —12.7
2.1735 — 2.1905 240 — 285 2655 — 2900 13.25-134
8.362 — 8.366 322 -335.4 3260 — 3267 14,47 —14.5
13.36 — 13.41 399.9 — 410 3332 — 3339 14.35-16.2
25.5-25.67 608 — 614 3345.8 — 3358 17.7-214
37.5-38.25 960 — 1240 3600 — 4400 22.01 —23.12
73 -75.4 1300 — 1427 4500 — 5250 23.6-24.0
108 — 121.94 1435 — 1626.5 5350 — 5460 31.2-31.8
123 - 138 1660 — 1710 7250 — 7750 36.43 - 36.5
149.9 — 150.05 1718.8 — 1722.2 8025 — 8500 Above 38.6
156.7 — 156.9 2200 — 2300 9000 — 9200

Reported data is the raw data corrected for all applicable factors such as antenna factors, cable

loss, etc.
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11.2 - Conducted Harmonic And Spurious RF Measurements

FCC Part 15.247(d) and IC RSS 210 A8.5 both require a measurement of conducted harmonic and
spurious RF emission levels, as reference to the carrier level when measured in a 100 kHz
bandwidth. For this test, the spurious and harmonic RF emissions from the EUT were measured at
the EUT antenna port using a short RF cable. An Agilent E4446A spectrum analyzer was used with
the resolution bandwidth set to 100 kHz for this portion of the tests. The unit was configured to run
in a continuous transmit mode, while being supplied with typical data as a modulation source. The
spectrum analyzer was used with measurements from a peak detector presented in the chart
below. Screen captures were acquired and any noticeable spurious and harmonic signals were

identified and measured.

No significant emissions could be noted within -50 dBc of the fundamental level for this product.

Bluetooth:
Frequency 2402 MHz 2441 MHz 2480 MHz
[dBm] [dBm] [dBm]
2" Harmonic - 55.9 - 59.2 - 53.7
3" Harmonic -61.1 - 62.7 - 63.0
4™ Harmonic -60.6 - 66.1 -67.3
5" Harmonic - 69.6 Note (1) -67.6
6™ Harmonic -61.7 -62.4 - 66.3
7" Harmonic - 65.7 - 66.8 -67.7
8" Harmonic Note (1) Note (1) Note (1)
9™ Harmonic Note (1) Note (1) Note (1)
10™ Harmonic Note (1) Note (1) Note (1)
Spurious Conducted Emissions
Freq(MHz) | Channel | Level(dBm)
479.40 39 -70.2
814.10 39 -53.2
1630.00 39 -50.3
801.15 1 -52.0
1600.00 1 -51.2
827.00 79 -50.5
1660.00 79 -50.0
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Bluetooth BLE:

Note 1): Measurement at system noise floor.

WLAN 1Mbps:

Frequency 2402 MHz 2442 MHz 2480 MHz
[dBm] [dBm] [dBm]

Fundamental +7.19 +6.77 +6.72
2" Harmonic -48.33 -48.22 -44.98
3" Harmonic -65.70 Note (1) Note (1)
4™ Harmonic Note (1) Note (1) Note (1)
5" Harmonic Note (1) Note (1) Note (1)
6™ Harmonic Note (1) Note (1) Note (1)
7™ Harmonic Note (1) Note (1) Note (1)
8™ Harmonic Note (1) Note (1) Note (1)
9" Harmonic Note (1) Note (1) Note (1)
10™ Harmonic Note (1) Note (1) Note (1)

Spurious Conducted Emissions

Freq(MHz) | Channel | Level(dBm)

827.8 39 -57.73

837.5 20 -63.1

4811 20 -62.59

801.2 0 -56.22

Frequency 2412 MHz 2437 MHz 2462 MHz
[dBm] [dBm] [dBm]

2" Harmonic - 53.0 Note (1) -54.8
3" Harmonic Note (1) Note (1) Note (1)
4™ Harmonic -47.9 -48.3 -48.2
5" Harmonic Note (1) Note (1) Note (1)
6" Harmonic Note (1) Note (1) Note (1)
7" Harmonic Note (1) Note (1) Note (1)
8™ Harmonic Note (1) Note (1) Note (1)
9™ Harmonic Note (1) Note (1) Note (1)
10" Harmonic Note (1) Note (1) Note (1)

Note 1): Measurement at system noise floor.
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Spurious Conducted Emissions

Freq(MHz) | Channel | Level(dBm)

479.40 6 -70.2

814.10 6 -53.2

1630.00 6 -50.3

801.15 1 -52.0

1600.00 1 -51.2

827.00 11 -50.5

1660.00 11 -50.0

WLAN MCST:
Frequency 2412 MHz 2437 MHz 2462 MHz
[dBm] [dBm] [dBm]

2" Harmonic Note (1) Note (1) Note (1)
3" Harmonic Note (1) Note (1) Note (1)
4™ Harmonic -47.9 -48.3 -48.2
5" Harmonic Note (1) Note (1) Note (1)
6™ Harmonic Note (1) Note (1) Note (1)
7" Harmonic Note (1) Note (1) Note (1)
8" Harmonic Note (1) Note (1) Note (1)
9™ Harmonic Note (1) Note (1) Note (1)
10™ Harmonic Note (1) Note (1) Note (1)

Note 1): Measurement at system noise floor.

Spurious Conducted Emissions

Freq(MHz) | Channel | Level(dBm)
479.40 6 -70.2
814.10 6 -53.2
1630.00 6 -50.3
801.15 1 -52.0
1600.00 1 -51.2
827.00 11 -50.5
1660.00 11 -50.0

11.3 - Test Equipment List

A complete list of test equipment that was used for this test can be found in Appendix A.
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11.4 - Screen Captures - Spurious Radiated Emissions

Bluetooth:

Channel 2402, shown from 30 MHz up to 1000 MHz

= Aglent 230106 Aug 7, 2019

Mkrl 5928 MHz
Ref 15 dBm Atten 5 dB Ext PG =29 4B =52.01 dBm
oPaak
Log
14
dB/

|
|,|B:|I

Ml 52
53 FC
A AR

BB2 ?Eﬁﬂﬁ MH=z

-52.01 dBm

Seare 3@ MHz Stop 1 GHz
sfas BH 198 kHz +/BH 188 kHz Sweep 125 ms (681 pes)

Channel 2402, shown from 1000 MHz up to 10000 MHz

B Aglent 232141 FAug 7, Z01@

Mkrl 2418 GHz
Ref 15 dBm Atten 5 dB Ext PG -29 4B -4.956 dBm
oPaak
Log
18
dB/

L=

Ml 52 .

53 FC
mgﬂﬂﬂ? GHz
-4,956 dBm

A AR
Seare 1 GHz Stop 19 GHz
sRas BH 108 kHz *\BH 188 kHz Sweep 1,16 5 (6B1 pes)
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Channel 2402, shown from 10000 MHz up to 25000 MHz

o Aglent 230235

Ref 12 dBm

Aug 7, 2818

Atten 3 dB Ext PG -0 4B

Mkrl 24.858 GHz
-49.58 dBm

wPeak
Loa

18
dB/

Ml 52

I NI "

A AR

Harker

-49.5

24.050000083-GH
EﬂdBm

1]

Srare 19 GHz
sRes BH 100 kHz

“/BH 108 kHz

Stop 25 GHz
Sweep 1,933 5 (681 pes)

Bluetooth BLE:

Channel 20, shown from 30 MHz up to 1000 MHz
Agilent 14:12:02 Jan 20, 2012 [

sAtt

an B dB F":'._[-I...-'_.;_Ll B dB

Marker
{481.050000
|-62,53 B

MHz

Sweep 125

Mkr 1

! .:_.I.Ir. Hz
ms (481 pts)

Peak Search

Heas Tools
Next Peak
Next Pk Right!
Next Pk Left,
Min Search.

Pk-Pk Search

] Hore:

1 of 2
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Channel 20, shown from 1000 MHz up to 10000 MHz
Agibent 14:13:41 Jan 28, 2612 Pﬂak Search

Atten 11

B dE Ent

PG =11.6 dB
| Meas Tools

Hext Peak
Next Pk Right
Next Pk Left,

Min Search

Marker i :
2440000000 GHz - | Pk-Pk Search
2,583 dBnm

5 Hore

1 of 2§

oUEH 108 kHz

Channel 20, shown from 10000 MHz up to 25000 MHz

o Agilent 14:14:26  Jan 20, 2812 . ' ' Peak Search
sArten @ dB Ewxt PG -11.6 dE
Meas Tools:
Hext Paal:;

Next Pk Right

Next Pk Left
Min Search
13.412500000 GHz ||| A
-6353 dBm
iz More
; sUEH 108 kHz 1 of 2
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Channel 20, shown from 30 MHz up to 1000 MHz
Receive Mode
Agibent 14:19:22 Jan 20, 2012 Peak Search

Meas Tools

Min Search

Next Peak

Next Pk Right

Hext Pk Left

786500000 Mz | | | | Pk-Pk Search,

-65.71 dBnm

Channel 20, shown from 1000 MHz up to 10000 MHz
Receive Mode
Aglierd  14:22:41 Jan 20, 2812 Peak Search

#Atten B dB Ext PG =116 dE
Meas Tools:

Next Pk Right

More;
1 of 2

Next Faa!:;

Hext Pk Left)
Min Search

Mark b .
2440000000 GHz | NESEEE
-68.53 dBm —
1 of E
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Channel 20, shown from 10000 MHz up to 25000 MHz
Receive Mode
Aglent 142582 Jan 28, 2812 Peak Search

Hin Search

Meas Toolss

Next Peak

Next Pk Right

Hext Pk Left

124062500000 GHz | | Pk-PkSearch

|-63.18 dBm

WLAN 1Mbps:
Channel 2480, shown from 30 MHz up to 1000 MHz

= Aglent 225551 Aug 7, 2019
Mkrl 2044 MMz
Ref 15 dBm Atten 5 dB Ext PG =28 4B 51.79 dBm
Faalk
Log
la
dB.’

MHarke

3333 MH=
-51.78 dBm
Seare 3@ MHz Stop 1 GHz
sfas BH 188 kHz *\'BH 188 kHz Sweep 120 ms (6A1 prs)

More;
1 of 2

LS Research, LLC

Page 83 of 97

Prepared For: LS Research | Model Number: TiWi-BLE | Report #: 311258

EUT: Tiwi-BLE Serial Number: 031202 LSR Job #: C-1285




Channel 2480, shown from 1000 MHz up to 10000 MHz

- Aglent 225732 Aug 7, 2018

Mkrl 2,470 GHz
Ref 15 dBm Atten 5 dB Ext PG =28 4B 7.277 dBm
"Paalk 1
Log @
14
dBs

o
dBa

M1 52
33 FC
A AA

GH=
7.277 dBm

Seary 1 GHz Stop 18 GHz
sfas BH 108 kHz +/BH 188 kHz Sweap 1,16 s (BB1 pes)

Channel 2480, shown from 10000 MHz up to 25000 MHz

- Aglent  Z2:SH:1T FAug 7, Z0l@
Mkrl 24.125 GHz

ng’r 15 dBm Atten 5 dB Ext PG -20 4B -48.26 &Bm
wPaak

Log

dBy

-

Ml 52
53 FC F .

A AR
Marker
24,125 GH

-48.25 dEm

Seary 19 GHz Stop 25 GHz
ftas BH 108 kHz +\'BH 168 kHz Sweep 1,933 s (GO1 prad
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WLAN MCS?7:

Channel 2437, shown from 30 MHz up to 1000 MHz

o Aglent 224353 Aug 7, 2al@

Mkrl E73.9 MMz
Ref 15 dEm Atten 5 dB Ext PG -20 dB -51.63 dBm
Peak
Log
1@
dBs

=
=)
s
Pt
£=10

Marke]

-51.63 dBm

Stare 38 MHz Stop 1 GHz
sfes BH 108 kHz +/BH 188 kHz Sweep 125 ms {601 pes)

MH=z

Channel 2437, shown from 1000 MHz up to 10000 MHz

= Aglent 2251054 Aug 7, 2818

Mkrl 2,440 GHz
Ref 15 dEm Atten 5 dB Exn PG -2 dB 3639 dBm
oPeak
Log
14
dBs

E=15

Mark
=
8.63%9 dBm
Stare 1 GHz Stop 18 GHz
sfias BH 108 kHz +/BH 188 kHz Sweep 1,16 s (BB1 pes)

| |
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Channel 2437, shown from 10000 MHz up to 25000 MHz

o Aglent 224287 Aug 7, 2818

Ref 15 dBm

Atten 5 dB Ext PG -28 4B

Mkrl 24,400 GHz
-45.% dBm

Pk
Log

18
di/

33 POl

Marker

—dﬁ.g dBm >

Stary 1@ GHz
sfes BH 108 kHz

«\'BH 168 kHz

Stop 25 GHz

Sweep 1,933 5 (661 pes)
]
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EXHIBIT 12. FREQUENCY & POWER STABILITY OVER

VOLTAGE & TEMPERATURE VARIATIONS

A spectrum analyzer was used to measure the frequency at the appropriate frequency markers.
Power to the EUT was

supplied by an external bench-type variable power supply. The frequency of operation was
monitored using the spectrum analyzer with RBW=VBW=1 kHz settings while the voltage was

For this test, the EUT was placed in continuous transmit CW mode.

varied.
2.8VDC 3.3vDC 3.8VDC
Channel | Power Power Power
(dBm) Frequency (Hz) (dBm) Frequency (Hz) (dBm) Frequency (Hz)
0 9.71 2402002000 9.757 2402002750 9.756 2402002250
20 10.02 2442254500 9.967 2442254250 9.951 2442254750
39 9.98 2479837250 9.98 2479838250 10.00 2479837000
Maximum Frequency . Frequency Drift
Channel (Hz) Minimum Frequency (Hz) (Hz)
0 2402002750 2402002000 750
20 2442254750 2442254250 500
39 2479837250 2479835250 2000
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EXHIBIT 13. CHANNEL PLAN AND SEPARATION

An HP E4407B spectrum analyzer was used with a resolution bandwidth of 30 kHz to measure the
channel separation of the Bluetooth FHSS Radio on the TiWi product.

The minimum and maximum channel-separations measured for this device are 997.50 kHz and
1021.25 kHz respectively. The maximum occupied bandwidth of the device, as reported in the
previous section is 875.00 kHz. The following plots describe this spacing, and also establish the
channel separation and plan.

13.1 Data Table

Range (MHz) l\(l:L;‘r:rl::ﬁ; Ic;f Max S(erza)ratlon
2400 - 2410.5 9.0 997.50
2410.5 - 2420 9.5 1021.25
2420 - 2430 10.0 1000.00
2430 - 2440 10.0 1000.00
2440-2450 10.0 1000.00
2450-2460 10.0 1000.00
2460-2470 10.0 1000.00
2470-2483.5 10.5 1011.25
13.2 Summary Table
Total Channels 79
Max separation 1021.25
Min Separation 997.50
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13.3 Screen Captures - Channel Separation

Channels 01 through 09
o Agilest  BR:3019 Pug 19, 2018

Marker |

Mkrl & 998 kHz
Ref 20 dBm Atten 20 dB Ext PG -18 dB -8.816 dB Selact Markar
Peak
Log wl £ s 4
it
db/ Hormal
i ( E ! 1 Deltal
. i |
Delta Pair
{Tracking Ref)
Ref Dlta
2; E'é Span Pair
A An Span Cantar
Marker & of
997500 kHz '
-0.a16 dp
Start 2.4 GHz Swp 241 GHz it
sfes BH 108 kHz oVEH 398 kHz Sweep 4 ms (401 prs) v
|

Channels 10 through 19

o Aglent Q@304 Aug 18, 2918 ! Peak Search |
Mkrl & 1821 MHz
Ref 28 dEm Atven 20 dB Ext PG =10 dB B.0817 dB
Feak HMeas Toolsy
Log il &
1@ i
de/ | Hext Peak
] ] l,
- | Next Pk Right
| 1 J !
' Next Pk Left
H1 52
53 FC Hin Search)
A AR
Marker &
1 @21 75H MH- Pk-Pk Search
0.017 dB
Start 2.41 GHz Stop 2.42 GHz ]"""f" :
sflas BH 108 kHz s\EH 388 kHz Sweep 5 ms (401 pis) v

[Res BN IGOKHz VBN 390 KHz  Sween 5 ms (401 pra) |
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Screen Captures — Channel Separation (continued)

Channels 19 through 29

5 Agilent  BE:A1:45 Aug 18, 2019 :lpe“ Search
Mkrl & 1088 MHz
Ref 20 dBm Btten 20 dB Ext PG -10 dB -3.011 dB
Feak Meas Toolsy
Log r
14
db/ Hext Peak
T i I
| b | Next Pk Right
| L]
- . Next Pk Left
H1 52
53 FC Hin Search
A AR
Marker &
MU Pk=Pk Search
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Start 2.42 GHz Stop 2.43 6Hz ]"""f" :
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]

Channels 29 through 39

= Aglent  BRS454 Aug 10, 2019 ! Marker |
Mkrl & 1,988 MHz
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e | k] e
18
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&
ML Off
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- 1
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Screen Captures — Channel Separation (continued)

Channels 39 through 49

o Aglent BR:SE:31 Aug 19, 2018 ! Peak Search |
Mirl & 1.8 MHz

Ref 290 dEm Atven 20 dB Ext PG -10 dB -@.002 dB
Feak Meas Toolsy
Log r
18
db/ Hext Peak
: T
dlh ) ik L Next Pk Right
I | ]
J 11 | |
J Next Pk Left
H1 52
53 FC Hin Search
A AR
Marker &
MU Pk=Pk Search
-p.a82 dB
Start 2.44 GHz Stop 2.45 GHz ]"""f" :
sflas BH 1008 kHz «V8H 1 HHz oSweep 5 ms (401 pis) v
]

Channels 49 through 59

B Aglent BL:@:11 Aug 18, 2818

! Peak Search |

Mkrl & 1.@@@ MHz
Ref 20 dBEm Atken 20 B Ewxt PG -10 dB -9.811 4B
Peak Meas Tools
Log iF E
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| | . | | I|
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Start 2.45 GHz Stop 2,45 GHz ]""Fr 3
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Screen Captures — Channel Separation (continued)

Channels 59 through 69

% Aglent  01:0%:16 Rug 16, 2010 ! Peak Search |
Mkrl & 1088 MHz
Ref 290 dEm Atven 20 dB Ext PG -10 dB B.084 dB
Feak Meas Toolsy
Log A1
18
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]

Channels 69 through 79

o Aglent @1:1333 Aug 18, 201A ! Peoak Search |
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Ref 280 dEm Ateen 20 B Ext PG -10 dB e
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APPENDIX B - Test Standards: CURRENT PUBLICATION DATES RADIO

STANDARD # DATE Am. 1 Am. 2 STANDARD # DATE Am. 1
ANSI C63.4 2003 IEC 61000-4-4 2004-07 | 2010-10
ANSI C63.10 2009 IEC 61000-4-5 2005-11
CISPR 11 2009-05 | 2009-12 P IEC 61000-4-6 2008-10
CISPR 12 2007-05 IEC 61000-4-8 2009-09
CISPR 14-1 2005-11 2008-11 IEC 61000-4-11 2004-03
CISPR 14-2 2001-11 2001-11 2008-05 IEC 61000-6-1 2005-03
CISPR 16-1-1 Note 1 2010-01 IEC 61326-1 2006-06
CISPR 16-1-2 Note 1 2003 2004-04 2006-07 1ISO 14982 1998-07
CISPR 22 2008-09 MIL Std. 461E 1999-08
CISPR 24 1997-09 2001-07 2002-10 RSS GEN 2007-06
EN 55011 2009 RSS 119 2007-06
EN 55014-1 2006 RSS 123 1999-11
EN 55014-2 1997 RSS 125 2000-03
EN 55022 2006 2007 RSS 131 2003-07
EN 60601-1-2 2007-03 RSS 136 2002-10
EN 61000-3-2 2006-05 RSS 137 2009-02
EN 61000-3-3 2008-12 RSS 210 2007-06
EN 61000-4-2 2009-05 RSS 213 2005-12
EN 61000-4-3 2006-07 2008-05 RSS 243 2010-02
EN 61000-4-4 2004 RSS 310 2007-06
EN 61000-4-5 2006-12
EN 61000-4-6 2009-05
EN 61000-4-8 1994 2001
EN 61000-4-11 2004-10
Updated on 08-23-11
EN 61000-6-1 2007-02
EN 61000-6-2 2005-12 Note 1: Test not on LSR Scope of Accreditation.
EN 61000-6-3 2007-02
EN 61000-6-4 2007-02
FCC 47 CFR, Parts 0-15, 18, 90, 95 2009
FCC Public Notice DA 00-1407 2000
FCC ET Docket # 99-231 2002
FCC Procedures 2007
ICES 001 2006-06
ICES 002 2009-08
ICES 003 2004-02
IEC 60601-1-2 Note 1 2007-03
|IEC 61000-3-2 2005-11 2008-03 2009-02
IEC 61000-3-3 2008-06
IEC 61000-4-2 2008-12
IEC 61000-4-3 2008-04 2008-04 2009-12 FD
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APPENDIX C - Uncertainty Statement

This uncertainty represents an expanded uncertainty expressed at approximately the 95 %
confidence level, using a coverage factor of k=2.

Table of Expanded Uncertainty Values, (K=2) for Specified Measurements

Measurement Type Particular Configuration Uncertainty Values
Radiated Emissions & BT G 92, [BiEgie] 4.24 dB
Antenna
Radiated Emissions 3-Meter Chamber, Log 48 dB
Periodic Antenna
Radiated Emissions 10-Meter OATS, Biconical 4.18 dB
Antenna
Radiated Emissions 10-Meter OATS, Log 3.92 dB
Periodic Antenna
Conducted Emissions Shielded Room/EMCO LISN 1.60 dB
Radiated Immunity 3 Volts/Meter in 3-Meter 1.128 Volts/Meter
Chamber
Conducted Immunity 3 Volts level 1.0V
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