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1. General information

Applicant: Naran Inc

Applicant address: 4th Floor, Munbal-dong, 57-9, Hoedong-gil Gyeonggi-do
Paju-si, South Korea

Test site: KES Co., Ltd.

Test site address: C-3701, 40, Simin-daero 365beon-gil, Dongan-gu, Anyang-si, Gyeonggi-do, Korea
473-29, Gayeo-ro, Yeoju-si, Gyeonggi-do, Korea

FCC rule part(s): 15.247

FCC ID: 2AJO9PRT-SAR1A-01PS

Test device serial No.: X] Production [ ] Pre-production [ ] Engineering

1.1. EUT description

Equipment under test ~ Prota S
Frequency range BT : 2402 Mz ~2 480 Mz (BDR/EDR/LE)
WIFIL: 2412 M ~2 462 M (11b/g/n_HT20)
2422 Mtz ~2 452 Mi(11n_HT40)
Model PRT-SAR1A-01PS
Modulation technique BT : FHSS, GFSK
WIFI : DSSS, OFDM
Number of channels BT : 79 (BDR/EDR), 40(LE)
WIFI : 11(802.11b/g/n_HT20), 7(802.11n_HT40)
Antenna specification ~ Antenna type: PCB, Peak gain: 0.25 dBi

Power source DC 5V

15.247(a)(1) that the rx input bandwidths shift frequencies in synchronization with the transmitted

15.247(g): In accordance with the Bluetooth Industry Standard, the system is designed to comply with all of
the regulations in Section 15.247 when the transmitter is presented with a continuous data (or information)
system.

15.247(h): In accordance with the Bluetooth Industry Standard, the system does not coordinate it channels
selection/ hopping sequence with other frequency hopping systems for the express purpose of avoiding the
simultaneous occupancy of individual hopping frequencies by multiple transmitters.

Pseudorandom frequency hopping sequence

The channel is represented by a pseudo-random hopping sequence hopping through the 79 RF channels. The
hopping sequence is unique for the piconet and is determined by the Bluetooth device address of the master;
the phase in the hopping sequence is determined by the Bluetooth clock of the master. The channel is divided
into time slots where each slot corresponds to an RF hop frequency. Consecutive hops correspond to
different RF hop frequencies. The nominal hop rate is 1 600 hops/s.

Equal hopping frequency use
The channels of this system will be used equally over the long-term distribution of the hopsets.
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Example of a 79 hopping sequence in data mode:

02, 05, 31, 24, 20, 10, 43, 36, 30, 23, 40, 06, 21, 50, 44, 09, 71, 78, 01, 13, 73, 07, 70, 72, 35, 62, 42, 11, 41,
08, 16, 29, 60, 15, 34, 61, 58, 04, 67, 12, 22, 53, 57, 18, 27, 76, 39, 32, 17, 77, 52, 33, 56, 46, 37, 47, 64, 49,
45, 38, 69, 14, 51, 26, 79, 19, 28, 65, 75, 54, 48, 03, 25, 66, 05, 16, 68, 74, 59, 63, 55,

System receiver input bandwidth

Each channel bandwidth is 1 M.

The system receivers have input bandwidths that match the hopping channel bandwidths of their
corresponding transmitters and shift frequencies in synchronization with the transmitted signals.

1.2. Test configuration

The Naran Inc Prota S FCC ID: 2AJO9PRT-SAR1A-01PS was tested per the guidance of ANSI C63.10-
2013 and DA 00-705. ANSI C63.10-2013 was used to reference the appropriate EUT setup for radiated
spurious emissions testing and AC line conducted testing.

1.3. Frequency/channel operations

Ch. Frequency (M) Rate(Mbps)
00 2402 1,2,3
40 2442 1,2,3
78 2480 1,2,3

1.4. Accessory information
Applicant Equipment Manufacturer Model Power source
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2. Summary of tests
Reference Test description Test results
15.247(a)(1)(iii) 20 dB bandwidth Pass
15.247(b)(1) Output power Pass
15.247(a)(1) Channel separation Pass
15.247(a)(1)(iii) Number of channels Pass
15.247(a)(1)(iii) Time of occupancy Pass
15.205,15.209 Radiated restricted band and emission Pass
15.207(d) Conducted band edge and out of band emissions Pass
15.207(a) AC conducted emissions Pass
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3. Test results

3.1. Radiated restricted band and emissions

Test setup

The diagram below shows the test setup that is utilized to make the measurements for emission from 9 kiz to

30 Mz Emissions.

Power Cable

Turn Table

EUT

Coaxial
—Cable

Power

The diagram below shows the test setup that is utilized to make the measurements for emission from 30 M

to 1 (llz emissions.
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p .
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The diagram below shows the test setup that is utilized to make the measurements for emission from 1 Gz to
the tenth harmonic of the highest fundamental frequency or to 40 (lz emissions, whichever is lower.
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Test procedure

1

4.
. And also, each emission was to be maximized by changing the polarization of receiving antenna both

9,

. The EUT is placed on a turntable, which is 0.8 m above ground plane.
2.
3.

The turntable shall be rotated for 360 degrees to determine the position of maximum emission level.

EUT is set 3 m away from the receiving antenna, which is varied from Im to 4m to find out the highest
emissions.

Maximum procedure was performed on the six highest emissions to ensure EUT compliance.

horizontal and vertical.

. Repeat above procedures until the measurements for all frequencies are complete.
. Spectrum analyzer settings for f <1 (lfz:

Span = wide enough to fully capture the emission being measured
RBW =100 kifz

VBW = RBW

Sweep = auto

Detector function = quasi peak

Trace = max hold

. Spectrum analyzer settings for f =1 (fz: Peak

Span = wide enough to fully capture the emission being measured
RBW =1 Mk

VBW = RBW

Sweep = auto

Detector function = peak

Trace = max hold

. Spectrum analyzer settings for f =1 (Hz: Average

Span = wide enough to fully capture the emission being measured
RBW =1 Mk

VBW = 1/T Hz, where T= pulse width in seconds

Sweep = auto

Detector function = average

Trace = max hold

10. Duty Cycle Correction Factor (79 channel hopping)

a. Time to cycle through all channels = At=t[ms] x 79 channels = 230.601 ms, where T = pulse width
b. 100 ms/At[ms] =H — Round up to next highest integer, H ‘=1

c. Worst Case Dwell Time = t[ms] X H* =2.919 ms

d. Duty Cycle Correction = 20log (Worst Case Dwell Time/ 100ms) dB =-30.695 dB
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Note:

1. The spectrum is measured from 9 kilz to the 10th harmonic of the fundamental frequency of the
transmitter using CISPR quasi peak detector below 1 (Hz. Above 1 (lfz, average and peak measurements
were taken using linearly polarized horn antennas. The worst-case emissions are reported however
emissions whose levels were not within 20 dB of the respective limits were not reported.

2. When Average result is different from peak result over 20 dB (over-averaging), according to 15.35 (c), as
a “duty cycle correction factor”, pulse averaging with 20 log(duty cycle) has to be used.

Duty cycle correction factor = 20log(dwell time/100 ms)

3. Emissions below 18 @z were measured at a 3 meter test distance while emissions above 18 (flz were

measured at a 1 meter test distance with the application of a distance correction factor.

. Average test would be performed if the peak result were greater than the average limit.

. Field strength(dBxV/m) = Level(dBgV) + Correction factors(dB/m) + Cable loss(dB) + or Fq(dB)

. Correction factors(dB/m) = Antenna factor(dB/m) + Cable loss(dB) + or Amp. gain(dB)

. Margin(dB) = Limit(dBzV/m) - Field strength(dBxV/m)

O 0 3 N L

. <30 MHz, extrapolation factor of 40 dB/decade of distance. Fq = 40log(Dn, / Ds)
f = 30 M, extrapolation factor of 20 dB/decade of distance. Fq = 20log(Dm / Ds)

. To get a maximum emission level from the EUT, the EUT was moved throughout the XY, XZ and YZ planes.

Where:
Fs = Distance factor in dB
Dn = Measurement distance in meters
Ds = Specification distance in meters
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Limit
According to 15.209(a), for an intentional radiator devices, the general required of field strength of radiated
emissions from unintentional radiators at a distance of 3 meters shall not exceed the following values :

Frequency (Mtk) Distance (Meters) Radiated (zV/m)
0.009 ~ 0.490 300 2 400 / F(kiz)
0.490 ~ 1.705 30 24 000 / F(klkz)

1.705 ~30.0 30 30
30 ~ 88 3 100%**
88 ~216 3 150%*
216 ~ 960 3 200**

Above 960 3 500

**Except as provided in paragraph (g), fundamental emissions from intentional radiators operating under this
Section shall not be located in the frequency bands 54 ~ 72 Mz, 76 ~ 88 Mz, 174 ~ 216 Mz or 470 ~ 806 M.
However, operation within these frequency bands is permitted under other sections of this Part, e.g., Sections
15.231 and 15.241.
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Test results (Below 30 Mk)

Mode: EDR

Transfer rate:

3 Mbps

Distance of measurement:

3 meter

Channel:

00(Worst case)

Level
(dBuV)

Frequency
(Miz)

(HIV)

Ant. Pol.

CF
(dB)

Fd
(dB)

Field strength
(dBV/m)

Limit
(dBuV/m)

Margin
(dB)

No spurious emissions were detected within 20dB of the limit

Horizontal

Vert

ical

(=)

Spectrum

Rof Lovel 57,00 dBpv = RBW (508) 200 Hz
At DdB  SWT 13.4ms & VBW 3 Mz
@17k Max

Ref Lavel 57,00 déuv

Spectrum |

(=)

& RBW (608) 200

Hz

Mode Auta FFT ALt Dde  SWT 13.4ms & VBW 3kHz  Mode Auto FFT
@ 1Pk Max
Mi[1] 1.80 dijv] mi[1] .45 dBpv|

50 dig Q5,010 kHz| 50 B = s G5.010 kHz|
40 dBy 40 diy

30 dey 30 dBy

20 dey 20 diy

10 dyf 10 diy

0 degs L 0 dnat J{

el i | [ Brtpraprial cPTEREON T 4!

-10 i S R T = v e e e ey T E uf v il a1 & e S R R
-20 diy -20 diy

30 dau -30 diy

-0 di — 40 ey

Start 9.0 kHz 691 pis Stop 150.0 kHE Start 9.0 kiiz 691 pts Stop 150.0 kiiz
Marker Marker

Typo | Rot | Tec | Stimaslus | ®esponse | Function | Function Result | Type | Ret | Tec | Stimaslus | | Function | Function Result |

M1 1 95.01 kHz -1.90 dépv M1 1 95,01 kM2 «2.45 dBuV

Spectrum |

&

Rof Leval 57,00 dBuv = RBW (5dB) 9 kHz

Ref Laval 57.00 dBuv

Spectrum |

&

= RBW (6d8) 0 bz

Att 0 d& SWT 2.1 ms & VAW 100 kHz Mode Auto FFT Att 0 dé SWT 2.1 ms & VAW 100 kHz Mode Auto FFT
@1k Max @1k Max
mif1] 562 dBpY| mif1] 6,09 dBpY]
50 db S60.0 kHz| 50 db 1720 kHz|
&0 40
30 B 30 B
20 df 20 df
0 diy 10 dey
v
?&E;J e wonihiopu b aaducin il 4 ol " e Py b Y Y o [T P, LY T ot sl -
-10 dgy -10 deys
-20 dfy 20 iy
30 di 30 dau
40 gy 40 gy
Start 150.0 kHz 691 Eli ﬁtﬂ 30.0 MHz Start 150.0 kHz 691 Eli ﬁtﬂ 30.0 MHz
Markar Markar
| Type | ret | Tec | Stimulus | | Function | Function Result | | Type | Ret | Tec | stimulus | mesponse | Function | Function Result |
M1 1 560.0 bz 5.62 dBuv M1 1 172.0 bhz .08 dbp
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Test results (Below 1 000 Mtz)

Mode: EDR
Transfer rate: 3 Mbps
Distance of measurement: 3 meter
Channel: 00(Worst case)
Horizontal Vertical
goreve! ggLevel (dBuVim)
70 70
i FCC CLASS-B 3 FCCCLASS-B
50 50| 1

8

1

W

700.

30 100 200. 300. 400. 500. 600. 800, 900. 1000 [ " 30 100, 200, 300. 400. 500. 500. 700. 800. 900, 1000
Fraquency (MHZ) Frequency (MHz)
Read Ant Cable Preamp Limit Over
Read Ant Cable Preamp Limit Over
Freq Level Level Factor Loss Factor Line Limit Remark Pol/Phase fraqbavwl-“avel-Factur: “Lossibicton Loy “LisiC: Remn PolPhase
— R RN R R R E MHz dBuV/m dBuV  dB/m dB dB dBuV/m dB
1 49.40 20.27 15.09 13.70 ©.48 0.00 40.60 -10.73 horizontal | : .00 2000 40, 0D 948 D:08 000 T Vertiee’
2 i48.58 31.23 17.72 12.83 ©.68 ©.00 43.50 -12.27 vertical
2 150.28 31.83 18.15 12.96 @.72 @.08 43.50 -11.67 horizontal
3 274.44 33,93 19.96 12.88 1.89 @.0@¢ 46.80 -12.87 vertical
3 385.48 39.77 24.63 13.94 1.20 0.0 46.80 -6.23 horizontal a 446.13 34.93 16.57 17.19 1.26 ©.P0 46.00 -11.87
. - . . . . . -11. vertical
4 446.13 35.40 17.84 17.10 1.26 0.8 46.80 -10.60 horizontal z
5 456.80 38.e3 19.41 17.34 1.28 0.0 46.0¢ -7.97 vertical
5 479.11 36.77 17.68 17.84 1,33 0.88 46.00 -9.23 horizontal
6 480.88 38.21 19.82 17.86 1.33 o©@.00 46.00 -7.79 vertical
& 522.76 38.22 17.98 18.77 1.47 0.00 46.88 -7.78 horizontal 7 521.79 40.91 19.79 18.75 1.47 0.90 46.00 -5.99 tical
7 685.72 38.56 15.65 21.29 1.62 ©.80 46.00 -7.44 horizontal ' - ¥ * s > LR Tk birles
! 9 594.54 139.23 17.45 20.26 1.52 @.00 46.00 -6.77 vertical
Note.

1. All spurious emission at channels are almost the same below 1 (Hz, so that low channel was chosen at

representative in final test.

2. To get a maximum emission level from the EUT, the EUT was moved throughout the XY, XZ and YZ planes.
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Test results (Above 1 000 Miz)
Mode: BDR
Transfer rate: 1 Mbps
Distance of measurement: 3 meter
Channel: 00
Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(Miz) (dB&V) (HIV) (dB) (dB) (dB&/m) (dB/m) (dB)
1004.30 58.88 Peak H -16.65 - 42.23 74.00 31.77
1635.30 57.76 Peak H -13.86 - 43.90 74.00 30.10
2005.80 56.13 Peak H -11.20 - 4493 74.00 29.07
1635.30 58.89 Peak A\ -13.86 - 45.03 74.00 28.97
1782.90 57.96 Peak A\ -12.66 - 45.30 74.00 28.70
2005.80 58.19 Peak A\ -11.20 - 46.99 74.00 27.01
2390.00 61.56 Peak H -9.77 - 51.79 74.00 22.21
2388.61 61.92 Peak A\ -9.77 - 52.15 74.00 21.85
Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
( Spectrum pech [ Spectrum pect
e v i o o S o, i i S ot S W 2. L T
S MZ[1] 1.56 AB)V| e Ma[1] 1.5
110 g8V Mif1] '.':.I__““”I;I-::-; Sk Mi[1] ...:::::I;-l.||-|.';'
" [ L [1
e e e
20 dun- éosu;::. GHz 691 pts Hpan 170.0 MHz
CF 2.36 GHz 691 pts Span 120.0 MHz Markar
Marker Type | Ref | Trc Stimulus Response Function Function Result
] I VR 7 1Y 1 N 77 A N — s i ey
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spectrum | i spectrum | 2
Rof Lovel 117.00 déyy = RBW 1 M-z Raf Lovel 117.00 diy - RBW 1 MHz
™™
be At Z0dB  SWT 2ms @ VBW 3 MH:  Mode autc Swe b At 20dB  SWT 2 ms w VBW 3 MH:  Mode Auto Sweep
Bp ==
@ 1Pk Max @ 1Pk Viaw
Maf1) 56,13 dBpv| maf1] 58.19 dBpv|
110 g8 2.005 z 110 dén 2 THz|
M1[1] 50.80 dBpv| Mi(1] 5 |
100 o8y 100430 GHz| 100 dBp 163530 GHz|
90 deg 90 dBuv
a0 ds 20 dey
70 diys | 70 dy
1 ! I
o o, 1 _r' Y 60 dBu Y
;B\';-n“‘--r' eyt i sk s L | " ah b iosas’ | e abg N [ ' A
g ekt iz (o o T P e T
40 diy 40 diyv
30 diys 30 diy
20 diyr 20 digr
Btart 1.0 GHz 691 pts Stop 3.0 GHz Blart 1.0 GHz 691 pts Stop 3.0 GHz
Marker | Marker
| T Raf | Trc Stimulus Response | Function | Fumction Rasult | Type | Ref | Trc Stlmalus Response | Function | Function Rosult |
[T} 1 1.0043 GHz | 58.68 dEpy | [0 1 1.6353 GHz 5869 digv
[ 1 1.6353 GHz | 57.76 dBgV N2 1 1.7826 GHz 57.56 dig
N3 1 2.0058 GHz 56.13 degv M3 1 2.0058 GHz £8.19 digv
Spectrum 3 (E) o Spectrum 3 (®) (2}
Rof Leval 67.00 dBuv = RBW 1 MHz Ref Lavel B7.00 déuv » RBW 1 MHz
Atk 0dé  SWT 45 ms & VBW 3 Mz Mode iutc Sweep Atk 0dé  SWT 45 ms & VBW 3 Mz Mode iutc Sweep
[@ 17 Ve @17k Veew
80 diyv 80 diyv
70 diyr 70 diyr
B0 day B0 day
50 dyv 50 div
AL 2 v % L
Vs Mot bt adrin adt i Frtiionn, fnde b A A AAL s pmrr ot i, AL g ey, M st gusmy g Bt VT, TYTRTILA MRS T
40 diy Pt T, 40 diy = 3
=] fo", (W
30 digr 30 dagr
20 diy 20 diy
10 dbyf 10 dBuy
od 0 di
~10 days -10 diy
CF 10.5 GHz 691 pis Spon 15.0 GHz CF 10,5 GHz 691 pis Spon 15.0 Gz
Marker Marker
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Mode: BDR
Transfer rate: 1 Mbps
Distance of measurement: 3 meter
Channel: 40
Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(M) (dB&V) (H/IV) (dB) (dB) (dBN/m) (dB&V/m) (dB)
1635.30 56.75 Peak H -13.86 - 42.89 74.00 31.11
2005.80 55.80 Peak H -11.20 - 44.60 74.00 29.40
1635.30 58.07 Peak \% -13.86 - 4421 74.00 29.79
1733.70 59.22 Peak A\ -13.06 - 46.16 74.00 27.84
2005.80 59.31 Peak A\ -11.20 - 48.11 74.00 25.89
Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
N/A N/A
Horizontal // Peak for 1 Gz to 3 Gz Vertical // Peak for 1 (z to 3 Gz
Spelclruu: e I' - Ig\‘ Spelclruu: e I' - IE
.‘ i TG e —— .‘ o G2 Wi VB M. o i bl
o,rl va.— : _— .-:l Viaw , _— e
il 'l e i | e o
;:.—JE ' | ‘-JG-Ul‘u-"- I
. : y !
e | i |
&0 | - e | . :: 1
;-ﬁ.,!'.__,\,u T I A _l . | - ]}J | ELTLEY e e Iw IL’! e d b & e r e o
e | G '
T | 20 T I
20 diuv - Slart 1.0 GHz 691 pis Stop 3.0 GHz
Start 1.0 GHz 691 pts Stop 3.0 Gz Marker
Marker Typo | Ref | Trc | atimulus Rosponse | Function | Function Result |
Tups Lot Do —memams | fudhe R — ' o : iPhram | to.2s o
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Horizontal // Peak for 3 Gz to 18 (iz Vertical // Peak for 3 Gz to 18 Giz
Spectrum 3 (®) ?l Spectrum 3 (E) “é’l

Raf Lovel 87,00 deyv = REBW 1 MHz Raf Laval 57,00 dBypv = RBW 1MHz

Att 0 dB SWT 45 ms & VAW 3 MHz Mode Auto Sweep Atk 0 dé SWT 45 ms & VAW 3 MHz Mode Auto Sweep

@17k viaw o e

B0 diy 80 dbuv

70 dbgy= . - = B — 3 . . 70 diyr

60 diy 60 dig

50 duv s0

;’:‘:;""‘ e T L Yo g R I, POTTTIIN A L :I: ol AN LA A gt ’L""""..‘n*"" AL L]

i . LT v T

30 By 30 dis

20 day 20 diyr

10 dBys 10 dey

0 diy @ degs

-10 iy -10 days

GF 10.5 GHz 691 pis Span 15.0 GHz CF 10.5 GHz — - 691 pis -  Gpeni5.0GHz_
Morkar Markar
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Mode: BDR

Transfer rate: 1 Mbps

Distance of measurement: 3 meter

Channel: 78

Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin

(M) (dB&V) (HIV) (dB) (dB) (dB&/m) (dB&/m) (dB)
1007.20 56.87 Peak H -16.64 - 40.23 74.00 33.77
1635.30 55.91 Peak H -13.86 - 42.05 74.00 31.95
2005.80 55.64 Peak H -11.20 - 44.44 74.00 29.56
1519.50 60.22 Peak \% -14.71 - 45.51 74.00 28.49
1635.30 58.08 Peak \% -13.86 - 4422 74.00 29.78
2005.80 59.06 Peak \% -11.20 - 47.86 74.00 26.14
2491.80 49.11 Peak H -9.37 - 39.74 74.00 34.26
2490.42 50.20 Peak \% -9.38 - 40.82 74.00 33.18
Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
o P 5| (— e - 5]
BED) G T T
\ w1l /Ty M)
j- 114 70 e J I'I

58, 1 -+ g e 500 = e — = %
G T ———— G i © o
_'ﬂ'%;mn.i] Stimuis > :“mr Function | Function Result | type | ot [ el stimulus «amde,\ul Function | Function Result |
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Spectrum I o Spectrum I =
Raf Loval 117.00 dég = RBW 1 MHz Raf Loval 117.00 dég = RBW 1 MHz
po_att 20dE  BWT 2 ms & VBW 3 MH:  Mode auto Sweep P ALt 20dE  SWT 2ms & VAW 3 MH: Mode Auto Sweep
o7k viaw o7k viaw
Ma[1] 55.64 dBpv| M[1] 60.22 dBpv|
110 d8i 200580 GHz| 110 d8yh 1 THz|
mif1] 56.87 dBpv| mz{1]
100 day 100720 GHz| 100 dEy
90 dBuv 90 dBuv
80 diy 80 diy
70 diys 70 diys
0 By - 50 dBuv e
el oo roTTn | Iu Y ) AL 2|l nLL—I. ML I 1, ijl.
i o e s u el v o ¥ T )
40 diuy 40 diy
30 o 30 o
20 déy 20 déy
Start 1.0 GHz 691 pts Stop 3.0 GHz Start 1.0 GHz 691 pts Stop 3.0 GHz
Marker Marker
_Typo | Rot | Trc | Stimulus | _Reosponse | Function | Function Result | _Typo | Rot | Trc | Stimulus | _Reosponse | Function | Function Result |
N1 1 1.0072 GHz | 56.67 degV | N1 1 15198 GHz | 60.22 digv
[7H) 1 16363 GHz 55.91 digV [7H) 1 16363 GHz 58.08 digV
N3 1 2.0058 GHz 5564 dig N3 1 2.0058 GHz £9.06 dBgv
(] Spectrum3a (X ol Spectrum 3 (%) e
Rof Leval 67.00 dBuv = RBW 1 MHz Raf Loval 87,00 dgyy = RBW 1 MHz
ALt OdB  SWT 45 mz & YBW 3 MH:  Mode autc Sweep ALl ODdB  SWT 45 m; & VAW 3 MH:  Mode suto Sweep
@ 1Pk Max @ 1Pk Max
80 diuy 80 diuv
70 iy 70 déy
B0 day &0 B
50 dBy soﬁ BV
PRI I AN A M ar by Faunty AL P | T | L I " Ly T i
e Lk T ¥y TP U S RTT & PR —.J._«‘q,'x s Tt R N 2 P AL B Pty A A bl il e st
Bl =T i N
30 i 30 diy
20 diy 20 dBuv
10 g 10 dius
odi 0 iy
-10 diys -10 diy
CF 10.5 GHz 691 pis Spon 15.0 GHz CF 10,5 GHz 691 pts Spon 15.0 Ghiz
Marker Marker
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Mode: EDR
Transfer rate: 3 Mbps(Worst case)
Distance of measurement: 3 meter
Channel: 00
Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(Mikz) (dBuV) (H/V) (dB) (dB) (dBuV/m) (dBuV/m) (dB)
1186.70 57.47 Peak H -15.98 - 41.49 74.00 32.51
1635.30 57.99 Peak H -13.86 - 44.13 74.00 29.87
2228.70 56.59 Peak H -10.26 - 46.33 74.00 27.67
1635.30 60.29 Peak A\ -13.86 - 46.43 74.00 27.57
1782.90 57.93 Peak A\ -12.66 - 45.27 74.00 28.73
2005.80 59.24 Peak \% -11.20 - 48.04 74.00 25.96
2388.48 61.61 Peak H -9.77 - 51.84 74.00 22.16
2390.00 61.27 Peak \% -9.77 - 51.50 74.00 22.50
Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
( Spectrum ( Spectrum
ot S W 2. L T e oo i . vou S o it s
P Max - [@ 178 M — S
ol s il o
oo Py | ;‘l o J""l L L 2 M o i : :
iy T T o ——— e S S [ A A T— - Moy
i:OF z'% GHz 691 pis Span 120.0 MHz 20 ’_’FP""'_.;"' s 7= ] — _' | E——
M:\:::'I' Ref | Tre | Stimulus | | Function__| Function Result | ﬁsm 2L e
e i S T T (oipe Eal Tre sl —Eemise - Pundkn | Functlon Rosul '
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Spectrum | = Spectrum | =
Raf Loval 117.00 dég = RBW 1 MHz Raf Loval 117.00 déyv = RBW 1 MHz
e att 0dE  BWT 2ms @ VBW 3 MMz Mode Auto Swesp e att 0dE  BWT 2ms @ VBW 3 MMz Mode Auto Swesp
o7k viaw o7k viaw
Ma[1] M2[1] 57.93 dBpv|
110 dap 2. 110 g8y 178 1}
maf1] 57.47 dBpY| mi1[1] 60.29 dBuY|
100 déi L1067 GHz) 100 d8y 163530 GHz|
90 dBuv- 90 dBuv-
20 dey 80 diy
70 dy 70 diy
50 diu . s 60 By —
A |
i [ 1] 4 kil
T Ve | SOOI P PV I [ TS v ] v | e SN . U1 | R S—" ¥ = - -
40 dBuv 40 diy
30 dBy 30 iy
20 déy 20 dBy
Start 1.0 GHz 691 pts Stop 3.0 GHz Start 1.0 GHz 691 pts Stop 3.0 GHz
Marker Marker
Typo | Rof | Trc atimulus Rosponse | Function | Function Rosult | Type | Rot | Tre | Stimulus | mesponse | Function | Function Result |
N1 1 11887 GHz | 5747 degV | [T 1 1.6353 GHz | 60.23 dBuV I
[7H) 1 16363 GHz 57.99 dagV N2 1] 1.7529 GHz | 57.03 dipV
5] 1 2.2207 GHz 56.50 dbyV N3 1 2.0058 GHz 53.24 dBpV
Spectrum 3 (%) G spectrum 3 (2 a9
Rof Lowal 87,00 dijpy - RBW 1 MHz Rof Leval 67.00 dBuv = RBW 1 MMz
Att DdE  SWT 45 ms @ VBW 3 MMz Mode Auto Swesp At OdE  SWT 45 ms @ VBW 3 MH:  Mode Autc Sweep
@17k Viaw @17k view
B0 dBy 50 by
70 dByv 70
60 d 60 dég
50 diy 50 d
L i A " LA )
Pt Ut sfuadiam iy, Myt et o PLAR o SRS SRR [ P AR Lol )i T L T L Ly R Y ol
40 oy 2 A v 40 diy! i
s s
30 di 30 iy
20 day 20 diy
1084 10 dBuy
0 dBy 0 diys
-10 iy -10 iy
CF 10,5 GHz 591 pis Hpan 15.0 GHz CF 10,5 GHz 691 pts Span 15.0 GHz
Markar Marker
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Mode: EDR
Transfer rate: 3 Mbps(Worst case)
Distance of measurement: 3 meter
Channel: 40
Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(i) (dBaV) (HIV) (dB) (dB) (dB@AV/m) | (dBV/m) (dB)
1004.30 56.93 Peak H -16.65 - 40.28 74.00 33.72
1635.30 57.19 Peak H -13.86 - 43.33 74.00 30.67
2228.70 56.59 Peak H -10.26 - 46.33 74.00 27.67
1004.30 58.01 Peak \% -16.65 - 41.36 74.00 32.64
1635.30 57.28 Peak \% -13.86 - 43.42 74.00 30.58
1782.90 58.44 Peak \ -12.66 - 45.78 74.00 28.22
2005.80 58.83 Peak \ -11.20 - 47.63 74.00 26.37

Restricted band // Horizontal // Peak

Restricted band // Vertical // Peak

N/A

N/A
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Horizontal // Peak for 1 Gz to 3 Gz

Vertical // Peak for 1 @z to 3 Gz

Spectrum I e Spectrum I e
Raf Loval 117.00 degv ™ RBW 1 NHz Rof Lovel 117.00 dégv ™ RBW 1 NHz
po_att 20dE  BWT 2 ms & VBW 3 MH:  Mode auto Sweep P ALt 20dE  SWT 2ms & VAW 3 MH: Mode Auto Sweep
o7k viaw o7k viaw
CTTEY] 56,93 dBpV| Mal1] 56.83 dBpY|
110 gy L0430 GHz| 110 g8y 200580 GHz|
mz(1] 57.19 dBpY| m1[1] 50.01 dBpY|
100 day 5350 GHz, 100 g8y 100430 GHz|
90 dBuv $0 dag
80 dey 80 di
70 de ke
o o : il b0 B I -
ot sl i I ) I N | (A - Ty i TN | PP PR . —
SO -
40
40 dig
30 dBys
30 day
20 diy
20 diy Start 1.0 GHz 691 Eli Stop 3.0 GHz
Htart 1.0 GHz 691 pts Stop 5.0 GHz Markar
Marker [ T Raf | Trc Stimulus ®esponse | Function | Function Rosult |
Type | Rot | Tre | Stimulus | | Function | Function Result | (T 1.0043 GHz | 53.01 degV
[T 1 1.0043 GHz | 56.93 dByY I [ 1 1.8353 GHz | £7.28 degV
n2' 1] 1.6353 GHz | 57.19 dByV N3 1 1.7826 GHz 5844 dBgV
N3 1 2.2287 GHz 56.59 dipv H4 1 2.0058 GHz £8.83 digv

Horizontal // Peak for 3 Gk to 18 (i

Vertical // Peak for 3 @z to 18 (lz

GOl Spectrum3  (®)

GOl Spectrum3  (®)

Rof Leval 67.00 dBuv = RBW 1 MHz Ref Lavel B7.00 déuv » RBW 1 MHz

ALt OdB  SWT 45 mz & YBW 3 MH:  Mode autc Sweep ALt OdB  SWT 45 mz & YBW 3 MH:  Mode autc Sweep
@17k Veaw @17k Vew
80 dbu! 80 dbu!

70 iy 70 iy
60 day B0 day
50 dy 50 by

eh " A WA, Rt f
‘-_‘no“'."\ g st b A, Mo, J bt A avr s gt dads aiid .:\J' AN s i ot s s bt Bt o sonisn L, g

BuV M Bul -

30 30
20 diy 20 diy

10 diuy 10 diuy
0 dia 0 dia

-10 dby -10 diy
CF 10.5 GHz 691 pts Bpan 15.0 GHz CF 10.5 GHz 691 pts Bpan 15.0 GHz
Marker Marker
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Mode: EDR
Transfer rate: 3 Mbps(Worst case)
Distance of measurement: 3 meter
Channel: 78
Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(Miz) (dB&V) (HIV) (dB) (dB) (dB&/m) (dB&/m) (dB)
1004.30 56.87 Peak H -16.65 - 40.22 74.00 33.78
2005.80 54.91 Peak H -11.20 - 43.71 74.00 30.29
2228.70 56.40 Peak H -10.26 - 46.14 74.00 27.86
1635.30 58.20 Peak A\ -13.86 - 44 .34 74.00 29.66
1782.90 58.61 Peak A\ -12.66 - 4595 74.00 28.05
2005.80 58.74 Peak \% -11.20 - 47.54 74.00 26.46
2500.00 48.84 Peak H -9.34 - 39.50 74.00 34.50
2483.50 52.01 Peak A\ 941 - 42.60 74.00 31.40
Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
Spectrum 2 (1) |“?| Spectrum2 @ I“?|
Rof Leval 107.00 dbgv = RBW 1 MHz Ref Lavel 107.00 digv = RBW 1 MHz
o y i R N
80 1) Ii| T B0 1) II.II
:::‘0::’".8 GHz - 691 pts : : Span 50.0 MHz :::‘0::’".8 GHz 691 pts Span 50.0 MHz
'!E: Ref I'n:] s""g“'l:;g o Ru“sagg:i:rn?v Function Function Result I!EM-_ Ref I'n:] s""g“'l:;g o RESZEST:JUB:JV Function Function Result
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Horizontal // Peak for 1 Gz to 3 Gl Vertical // Peak for 1 Gz to 3 G
Spectrum | @ Spectrum | @
Raf Loval 117.00 déyy = RBW 1 MHz Raf Loval 117.00 dégh = RBW 1 MHz
e 20d8  SWT 2ms @ VAW 3 MH:  Mode Auto Sweep I At 20dE  SWT 2ms ® VBW 3 MH:  Mode Auto Sweep
@17k view o3 vaw
Maf1) 56,40 dRpY| maf1] 5874 Iil!||\¢'
110 dBp 2. 27070 GHz| 110 déys 2 ) GHz|
mi[1] S6.87 dBpY| mal1] 5 dBpY|
100 o8y 100430 GHz| 100 dBp 1.63530 GHz|
90 diys 90 dBuv
a0l 50 diy
0 diys e
50 ey = : '| 50 db T
S 2 ~atd bl = [ AL hji b e S . ]‘..-w”"" Al A ) N i
40 diur 40 diy
30 dBy 30 dB
20 diy 20 digr
Start 1.0 GHz 691 pis Stop 9.0 Gz Slart 1.0 Giz 691 pis Stop 3.0 Gz
Marker | Marker
| _Type | ot | Trc | Stimulus | mesponse | Function | Function Result | Type | Ref | Trc atimulus Response | Function | Function Result |
NI 1] 1.0043 GHz | 56.67 digV | [T 1 1.8353 GHz | 58.20 degv
N2 1 2.0058 GHz | 54.91 digh N2 1 1.7826 GHz 58.61 dBgv
N3 1 2.2287 GHz 56.40 degv N3 1 2.0058 GHz £8.74 dup\"
Horizontal // Peak for 3 @k to 18 iz Vertical // Peak for 3 G to 18 Giz
Spectrum 3 (8 o GOl Spectrum3  (®) a
Raf Lovel 57,00 dégy - RBW 1 MHz Rof Laval 67,00 deuv w RBW 1 MHz
Att 0 di BWT 45 ms; & VBW 3 MHz Mode Auto Sweep Atk 0 dé SWT 45 ms & VAW 3 MHz Mode Auto Sweep
@17k viaw [@ 17k veew
80 deyv 50 diws
70 dis 70 by
60 dy 60 diuf
50 deuv 50 diys
B’ ORI SPOSYPHRES ST PN o i, pfrdhod bt d s b Mot TSP SOV TS R TI PR, T L N S
40 digs . 5 “0 Loy
30 diyr 30 dbyr
20 dByv 20 dbws
10 dey 10 de
0 iy a deus
10 gy -10 difys
CF 10.5 GHz 691 pts Bpan 15.0 GHz CF 10.5 GHz 691 pts Span 15.0 GHz
Marker Markar
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Test results (18 Gz to 30 GHz)

Mode: EDR
Transfer rate: 3 Mbps
Distance of measurement: 3 meter
Channel: 00(Worst case)
Frequency Level Ant. Pol. CF Fd Field strength Limit Margin
(Mtz) (dBuV) (HV) (dB) (dB) (dBuV/m) (dBV/m) (dB)
No spurious emissions were detected within 20dB of the limit
Horizontal Vertical
pectum3 :;)] |§| Spectrum 3 Q] |§|
Ref Lavel 67,00 déuy = RBW 1 MHz Raf Lovel 87,00 dépv - RBW 1 MMz
] i ETRNE, TRV FURESNE, PPEN TS SHLa) T VL '-!.,;.,._ P Ak Sttt A ol sl __ir e 1 PP ) T8 SR P el
10 diy + + 10 dBgiv:
iujkr:;;é.ﬂ GHz } 691 pis i . Stop 30.0 GHz :::EED GHz 691 pts : Stop 30.0 GHz
Note.

1. Average test would be performed if the peak result were greater than the average limit.
2. Actual = Reading + AFCL(Ant. factor — Amp. gain + Cable loss) + DCF(Duty cycle correction factor)
3. Duty cycle correction factor = 20log(dwell time/100 ms)
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3.2. Conducted band edge and out of band emissions

Test setup

EUT

Attenuator

Test procedure
DA 00-705

Test setting

Spectrum analyzer

1. Span = wide enough to capture the peak level of the in-band emission and all spurious emissions(e.g.,
harmonics) from the lowest frequency generated in the EUT up through the 10th harmonic.

.RBW =100 ki
.VBW = 300 Kk
. Detector = Peak
. Number of sweep

O 0 DN K W IN

Limit

points = 2 X Span/RBW

. Trace mode = max hold
. Sweep time = auto couple
. The trace was allowed to stabilize

According to 15.247(d), in any 100 kiz 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 Kz bandwidth within the band that contains
the highest level of the desired power, based on either an RF conducted or a radiated measurement, provided
the transmitter demonstrates compliance with the peak conducted power limits. If the transmitter complies

with the conducted power limits based on the use of RMS averaging over a time interval , as permitted under
paragraph(b)(3) of this section , the attenuation required under this paragraph shall be 30 dB instead of 20
dB. Attenuation below the general limits specified in section 15.209(a) is not required. In addition, radiated
emission which in the restricted band, as define in section 15.205(a), must also comply the radiated emission
limits specified in section 15.209(a) (see section 15.205(c))
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Test results

Spectrum 3 (&) o= Spectrum 3 (® e
Raf Lovel 20.80 d6m  Offsot 10.60 dé & RBW 100 kHz Raf Lovel 20.80 d6m  Offsot 10.60 di & RBW 100 kHz
ALt 20 di  SWT $4.8 ps @ VBW 300 kM Mode Auto FFT At 20 di  SWT 265 md @ VBW 300 kH: Mode Auto Swesp
@37k Max [@1Fk Viaw
2l 1] 2l 1]
10 o pil1] od pil1]
2.3060 GHz|
o ds o ds
10 dé =10 dé
0 g =
30 o 30 o
40 di 40 da
7
- - My
50 d8 ¥ . 50 b
LA ) i A L R, T PO i A T A S L WP PRV PRVl
| oisr
70 d 70 d
Start 2.31 GHz 691 pts Stop 2,405 GHz Start 30.0 MHz 691 pts Stop 26.5 GHz
Markor Markor
|_Type | Rof | Trc | Stimulus | _wesponse | Function | Function Result | |_Type | Rof | Trc | Stimulus | Function | Function Result |
N1 1 2.4 GHz | -39.59 dam N1 1 2.386 GHz | -1.56 dam
|z 1 2.32198 GHz -53,42 dB&m |z 1 18,438 GHz -51.55 d&m
[ )i L i ) Mearorea- WUNND W8 mn
4. BEE . 4. BEE .
Spectrum 3 (E) [§]
Raf Lovel 20.80 d6m  Offsot 10.60 di & RBW 100 kHz
At 20 di  SWT 265 md @ VBW 300 kH: Mode Auto Swesp
[@1Fk Viaw
1] -52.24 dnm
10 d Mf1]
o ds
=10 dé
N/A 40 g8
-50 8
) e T P T Ty e W1 P Pmartr, A fihsrv
!
70 d
Start 30.0 MHz 691 pts Stop 26.5 GHz
Markor
_Type | Rof | Trc | Stimulus Response | Function | Function Result |
N1 1 2.424 GHz | -2.03 dam
[-— 1 16,398 GH2 -£2.24 dBm
L i bt “ 3 I
4. BEE .
Spectrum 3 (&) o= Spectrum 3 (® e
Raf Lovel 20.80 d6m  Offsot 10.60 di & RBW 100 kHz Raf Lovel 20.80 d6m  Offsot 10.60 di & RBW 100 kHz
ALt 20 di  SWT 37.9 ps & VBW 300 kM Mode Auto FFT At 20 di  SWT 265 md @ VBW 300 kH: Mode Auto Swesp
@37k Max [@1Fk Viaw
2l 1] -48.72 .mm v2[1]
2.ABSUTH0 GHz
10d 1[1] 45,84 dbm| od U1ed]
24835000 GHz|
o ds
=10 dé
-20 diim—r=
30 o
40 dB
S -50 da =
2 e | N s ; | CRSLNPY TN PPN AP YY P FTY, PSSP Y PRpor e
60 i ol
70 d 70 d
Start 2,470 GHz 691 pts Stop 2.5 Gz Ftart 0.0 MHz 691 pts Btop 26.5 GHz
Markor Markor
| _Typo | Rof | Trc | Stimulus | | Function | Function Result | |_Type | Rof | Trc | Stimulus Response | Function | Function Result |
N1 1 24835 GHz | -45.94 dam N1 1 2,463 GHz | -2.28 d8m
[-— 1 2. 4BEGTE GHz -48.72 dBm [-— 1 18,436 GHz -51 42 dBm
— . B B e— T
4. BEE . 4. BEE .
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Spectrum 3 (&) o= Spectrum 3 (® e
Raf Lovel 20.80 d6m  Offsot 10.60 dé & RBW 100 kHz Raf Lovel 20.80 d6m  Offsot 10.60 di & RBW 100 kHz
ALt 20 di  SWT $4.8 ps @ VBW 300 kM Mode Auto FFT At 20 di  SWT 265 md @ VBW 300 kH: Mode Auto Swesp
@37k Max [@1Fk Viaw
1] .47 dBm| 1] -50.79 dBm|
0 GHz| 18,4360 CHz|
10 11[1] 29 dibm| 10 di 1[1]
2.400000 GHz| 2.3060 GHz|
o ds . o ds
i
-10 d8 i -10 dé
|
30 o Tt 30 o
mi |
40 di '? - 40 di
i
50 d8 £ 50 b
T TR SR ATV LTI VRPNV [ § PRI W L PR R SRR St
VS . VN L ik . (R PRI, W TN PYNE, anaid it B
70 d 70 d
Start 2.31 GHz 691 pts Stop 2,405 GHz Start 30.0 MHz 691 pts Stop 26.5 GHz
Markor Markor
|_Type | Rof | Trc | Stimulus Response | Function | Function Result | |_Type | Rof | Trc | Stimulus | Function | Function Result |
N1 1 2.4 GHz | -39.29 dam N1 1 2.386 GHz | -1.36 dam
|z 1 2.36168 GHz -54.47 dBm |z 1 18,438 GHz -50.79 d&m
’ T T EE e | Y —
4. BEE . 4. BEE .
Spectrum 3 (E) [§]
Raf Lovel 20.80 d6m  Offsot 10.60 di & RBW 100 kHz
At 20 di  SWT 265 md @ VBW 300 kH: Mode Auto Swesp
[@1Fk Viaw
2l 1]
104 1[1]
o ds
=10 dé
N/A 40 g8
-50 8 —
L Mt R L T A s e o WIS R
70 d
Start 30.0 MHz 691 pts Stop 26.5 GHz
Markor
_Type | Rof | Trc | Stimulus Response | Function | Function Result |
N1 1 2.424 GHz | -1.99 d8m
|z 1 18,436 GHz -51.63 d8m
L )i eevoreer . GHINEED U8 !m.m“', &
4. BEE .
Spectrum 3 (&) o= Spectrum 3 (® e
Raf Lovel 20.80 d6m  Offsot 10.60 di & RBW 100 kHz Raf Lovel 20.80 d6m  Offsot 10.60 di & RBW 100 kHz
ALt 20 di  SWT 37.9 ps & VBW 300 kM Mode Auto FFT At 20 di  SWT 265 md @ VBW 300 kH: Mode Auto Swesp
@37k Max [@1Fk Viaw
2l 1] 4506 dBm)| v2[1]
24841290 GHz|
10 o U1ed] 44,01 divm| od U1ed] 1.77 dibr|
2.485000 GHzl 2.4620 GHz|
o ds o ds
n.
10 J*f’- - -10 di
[
0 mltm_clli —
30 df 30 o
™
4o da - 40 da
-50 dé e — -50 da
e Ao 2
VUM e g SREAPAE - R e P R R e R L R i
60 g8 Ta¥, N WY b | polasn
70 d 70 d
Start 2,470 GHz 691 pts Stop 2.5 Gz Ftart 0.0 MHz 691 pts Btop 26.5 GHz
Markor Markor
| _Typo | Rof | Trc | Stimulus | | Function | Function Result | |_Type | Rof | Trc | Stimulus Response | Function | Function Result |
N1 1 24835 GHz | -44.81 dam N1 1 2,463 GHz | -1.77 dam
|z 1 2.484126 GHz -46.06 d8m |z 1 18,436 GHz -51.29 d&m
L il | Measuring... M ee !w““" & L 1 | Heasuring,.. I X ) mlm‘m' p
4. BEE . 4. BEE .
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Hopping mode_BDR(1Mbps)

Spectrum 3 (1) 7 Spectrum 3 (X a2
Raf Loval 20,80 dBm  Offset 10.60 dB & RBW 100 kHz Raf Lovel 20.80 d6m  Offsot 10.60 di & RBW 100 kHz
p At 20 dE  SWT 1138 ps & VBW 300 kHz  Mode Auto FFT fe_art 20 dB  SWT 38 s @ VBW 300 kHz  Mode Auto FFT
[@1Fk Viaw [@1Fk Viaw
111] -50.98 dBm| 12[1] 5720 dBm)|
2400000 GHz| 24027 THz]
10 V(1] i 10 p1L1] 57.22 dbm|
GHzl 24825000 GHz
o ds
]!
10 o |
v 1
~20-dbm—1r; 20,590 db |
30 o
|
= |
50 o - - 50 o t
g -
i i W ol i N
b abe LAty L dubd T T R e len W A 0 Al e b s A IR
70 d 70 d
Start 2.31 GHz 691 pts Stop 2.42 GHz Start 2.476 GHz 691 pts Btop 2.5 GHz
Markor Markor
| _Typo | Rof | Trc | Stimulus | ®esponse | Function | Function Result i |_Type | Rof | Trc | Stimulus | ®esponse | Function | Function Result |
[~ w1 1 2.4 GHz | -53.98 dam [~ w1 1 24835 GHz | -57.22 d8m
|z 1 2.35198 GHz -52 46 dBm |z 1 2492793 GHz -53.20 dBm
[ )il e I A 1 Wearorea- GRS W8 wan
. t4 18
Spectrum 3 (&) o= Spectrum 3 (® e
Raf Loval 20,80 dBm  Offset 10.60 dB & RBW 100 kHz Raf Lovel 20.80 d6m  Offsot 10.60 di & RBW 100 kHz
p At 20 dE  SWT 1138 ps & VBW 300 kHz  Mode Auto FFT fe_art 20 dB  SWT 38 s @ VBW 300 kHz  Mode Auto FFT
[@1Fk Viaw [@1Fk Viaw
1] 5 dBm| 1] -51.67 dBm|
2. 10 GHz| Z.AB41100 GHz|
1w pil1] 57.00 dbm| b L1l 52,79 dibm|
2.400000 GHz| 24035000 GHz|
o ds vy o s ]
L‘p'rl ool gt
o 1 WA
~20.dB 2088ty oy sy
30 o -30 d
-0 di 40 dB r
& ! .
50 J F 50 aw W",U.I'
e ahentisdia sA L) b gt it e e bt L iAo ben M e A A A L AR Mk b A
70 d 70 d
Start 2.31 GHz 691 pts Stop 2.42 GHz Start 2.476 GHz 691 pts Btop 2.5 GHz
Markor Markor
| _Typo | Rof | Trc | Stimulus | Response | Function | Function Result i |_Type | Rof | Trc | Stimulus | ®esponse | Function | Function Result |
[~ w1 1 2.4 GHz | -57.00 dam [~ w1 1 24835 GHz | -52.79 dam
| N2 1 2.3459 GHz -53.25 dBm | N2 1 248411 GHz -51.62 dBm
c i T e | i T e
18 Dates 18

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.

KES-P-5101-14 Rev. 1

The test results in the report only apply to the tested sample.

KES

A4



s

KES Co., Ltd.

C-3701, 40, Simin-daero 365beon-gil,
Dongan-gu, Anyang-si, Gyeonggi-do, Korea
Tel: +82-31-425-6200 / Fax: +82-31-424-0450

www.kes.co.kr

Test report No.:

KES-RF-16T0085-R1

Page (31 ) of (49)

3.3. 20 dB bandwidth

Test setup

EUT

Test procedure
DA 00-705

Test setting

Attenuator

Spectrum analyzer

1. Span = approximately 2 to 3 times the 20 dB bandwidth, centered on a hopping channel
2. RBW 2> 1% of the 20 dB bandwidth

3. VBW > RBW
4. Sweep = auto

5. Detector function = peak
6. Sweep = auto couple
7. Trace mode = max hold

Limit
Not applicable
Frequency(Mk) Channel no. Data rate(Mbps) Measured bandwidth(Mt)

2402 00 0.894
2441 39 1 0.886
2 480 78 0.886
2402 00 1.237
2 441 39 2 1.250
2 480 78 1.255
2 402 00 1.250
2441 39 3 1.211
2 480 78 1.268
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BDR(1Mbps)

EDR(2Mbps)

Spectrum 3 (X @

Spectrum 3 (X @

Raf Loval 1080 dBm  Offsat 10.60 dB = RBW 20 khs Raf Loval 1080 dBm  Offsat 10.60 dB = RBW 20 khs
b att Z0dB  SWT  54.7 45 @ VBW 5S0kH:  Mode auto FFT b att Z0dB  SWT  54.7 45 @ VBW 5S0kH:  Mode auto FFT
@17k Max @ 17k viaw
ITEY] .53 b ITEY] 5.51 b
240162200 GHa] 240162630 GHa]
B A nde 20,00 da B nde 20,00 del
1 B B4, 400000000 kHz] B 1737300000 MHz
NV N atacter 2605.5 £ Qlactor 19411
10 o T 10 o o, + 7
> - iy
20 o 3, “( 20 o Y —
"\ \
.30 g8 - ) a0 s, £ L
. 3 1 %
i £ \ . J L
- +
e e o |
e ¢ o
e P —a] .
s 50 o —
-60 dBm -60 dBm
-70 df -70 df
-80 c8 -80 c8
F 2.0 91 pt Span 3.0 MH; F 2.0
SEZi0zch 531 pts n 3.0 MHz SEZi0zch
| Heasuring,.. T 1w iw.,m_,' ]

ﬁﬂlgll Span 3.0 MHz
1 Measuring... () im.m,,,' &

Spectrum 3 (X [?]
Raf Laval 10.90 g8m  Offsat 10.60 d6 = RBW 20 khz

Spectrum 3 (E) [§]
Raf Loval 10,60 dém  Offsat 10.60 dB = RBW 20 khz

pe At 20 dB  SWT 4.7 3 @ VBW £0 kM:  Mode Auto FFT pe At 20 dB  SWT 4.7 3 @ VBW £0 kM:  Mode Auto FFT
@17k Max @ 17k viaw
Mi[1] 4.1 dism| Ma[1] 7.1 dim|
244162630 GHa] 244216060 GHa]
B nde 20,00 dal B nde 70,00 del
; B BES. 700000000 kHz] 4 Bw 1.250400000 MHz
Q lactor 2757.0) Y Qfactor 1953.2
10 d 10 d AN
/ \ WA AAYAY
ad - Aaf il i
20 / . - 20 d X b
i d \:".‘ i
a0 s, " s a0 s, J
r h \
o~ i )’ b
40 A 40 L
o P 7
i T o M
2 e 50 g - ]
-60 dim: -60 dim:
-70 di -70 di
-80 o -80 o
CF 2447 GHz 591 pts E:n 3.0 MHz CF 2447 GHz 591 pts Spon 3.0 MHz
L b B i et g L il J7 TR m = ol

Spectrum 3 (X [?]
Raf Laval 10.90 g8m  Offsat 10.60 d6 = RBW 20 khz

Spectrum 3 (E) [§]
Raf Loval 10,60 dém  Offsat 10.60 dB = RBW 20 khz

CF 2.48 GHz 591 pts En 3.0 MHz
L il Y il arss g

b att 20dE  SWT 547y @ VBW S0 kH:  Mode Auto FFT e att 20dE  SWT 547y @ VBW S0 kH:  Mode Auto FFT
[0 17k Max 817k Viaw
Mi[1] 4.17 divm| Ma[1] .61 dim|
2. ATIUEI0 GHz 2 ATIVOHG0 GHz
- nd 20,00 dif - nd 70,00 di|
3 Bw HES. TO0000000 kHz| Bw 1254700000 MHz|
|II Q lactor 2790.5) T Q lactor 19764
10 di 10 di R FRETAY
. fl RS
. J\.,n‘\‘: WV )
20 df e 20 df
‘\/\ ) \.
20 88 200 [l
f \ i 1A
J / \
o /
40 dB . T 40 dB A !
" ~ \
Pt m, n A
S i r\““-——u.\_,_ | hed e T
|50 doe = ) gt =
-60 dim -60 dim
-70 di -70 di
-0 o8 -0 o8
CF 2.48 GHz

691 pts Span Hz
— e R AN
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EDR(3Mbps)

Raf Lovel 1050 cBm  Offset 10.60 dB & RBW 20 kHz

=)

Spectrum 3 (1)

be At 20dE  SWT 547y @ VBW S0 kH:  Mode Auto FFT
@17k viaw
CITRY] 4.77 dbm|
240182200 GHz|
o ndB 70.00 di|
Bw 1. 250400000 MHz|
1 Q lactor 1920.9)
10 o il T [h — -
N ITWTWL M
¥ad v Wil N,
oA/
20 L i)
21n I
J
e I T
IIJ I
» j =1
e e .
50 du Y.
-60 diim
-70 b
-80 dal
SEZi0zch 591 pts n:n 3.0 MHz
L AL B i [
Spectrum 3 (1) [?
Raf Lovel 1050 cBm  Offset 10.60 dB & RBW 20 kHz
be At 20dE  SWT 547y @ VBW S0 kH:  Mode Auto FFT
@17k viaw
CITRY] 719 dibr|
244180460 GHz|
o ndB 70.00 di|
Bw 1.21 1300000 MHz|
Q lactor 2015.9|
-10 df I WRLY P
] "y
\J ¥
AV |\ b A
20 o -
Rl N\
k'
-30 d 1 T
/ |
-0 L
i - ~ O
A i e
S0 din - T =
-60 diim
-70 b
-80 dal
CF 2.447 GHz 691 gll Span 3.0 MHz
| easuring... m ﬂ .*m“ T p

Spectrum 3 (1) [?

Raf Lovel 1050 cBm  Offset 10.60 dB & RBW 20 kHz
54.7 5 @ VEBW 50 kM Mode suto FFT

b att 20dB SWT
@ 17k viaw
ITEY] 6.21 dim|
247902200 GHz|
o ndB 70.00 di|
M1 Bw 1.267 700000 MHz|
X Q factor 1956.1
10 df i B '\”l = i
I ' Val 1AM
W trj T W
20 o x LAY
] [BE
J 7
7 d
') l
— } .
Awr? e T B
50 = — < =
-60 dBim
-70 dB
-80 c8

CF 2.48 GHz 691 gll Span 3.0 MHz
| easuring... m ﬁ .*m“m_“' p
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3.4. Output power
Test setup

EUT Attenuator Spectrum analyzer

Test procedure
DA 00-705

Test setting
1. Span = approximately 5 times the 20 dB bandwidth, centered on a hopping channel

2. RBW > the 20 dB bandwidth of the emission being measured
3. VBW = RBW

4. Sweep = Auto

5. Detector function = Peak

6. Trace = Max hold

Limit
According to §15.247(a)(1), Frequency hopping systems shall have hopping channel carrier frequencies

separated by a minimum of 25 kiz or the 20 dB bandwidth of the hopping channel, whichever is greater,
provided the systems operate with an output power no greater than 125 mW.

According to §15.247(b)(1), For frequency hopping systems operating in the 2 400 ~ 2 483.5 Mz employing
at least 75 non-overlapping hopping channels, and all frequency hopping systems in the 5 725 ~ 5 805 Mt
band: 1 Watt.
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Frequency(Mk) Channel no. Data rate(Mbps) MeaSI(Jdr]grc:];) ower Peak TZ]\Q’;; Limit
2402 00 -0.09 20.97
2441 39 1 -0.06 20.97
2480 78 -0.45 20.97
2402 00 1.18 20.97
2441 39 2 1.09 20.97
2 480 78 0.71 20.97
2 402 00 1.48 20.97
2 441 39 3 1.36 20.97
2 480 78 0.96 20.97
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BDR(1Mbps)

EDR(2Mbps)

Spectrum 3 (X

Spectrum 3

®

=)

=)

Raf Loval 20 GD d'Bm O‘ﬁﬂl 10.60 dB & RBW 2 MHz

Raf Lovnl 20 eu d‘Bm oﬁsnt 10.50 dB = RBW 2 MHZ Raf Lovnl 20 eu d‘Bm oﬁsnt 10.50 dB = RBW 2 MHZ
po_att 1ms & VBW S MH: Modo Auto Swesp pe_att 1ms & VBW £ MH: Mode Auto Sweep
@17k Viaw @17k Viaw
Mi[1] 0.09 dim| mMi[1] .18 dim|
24019570 GHz| 24020290 GHz|
10 di 10 o
I
ad — — od =
1 .. L [
10 o s ® ol B
‘“IUQT
. l Hﬂ"
' |
50
-60 di -60 di
-70 da -70 da
F 240 i) ] 10.0 MH; F 240 i) ] 10.0 MH;
CF 2 :'(H; 691 pts an 10.0 MHz CF 2 :'(H; 691 pts an 10.0 MHz
L il Heasuring... - L jjl FRESIG. wies g
4.5EP, 2010 165 4.5EP,Z010 16510823
Spectrum 3 () 2 Spectrum 3 () 2

Raf Loval 20 GD d'Bm Oﬁsﬂl 10.60 dB & RBW 2 MHz

po_att 1ms & VBW S MH: Modo Auto Swesp pe_att 1ms & VBW £ MH: Mode Auto Sweep
[@ 17k Ve [@ 17k Ve
Ma[1] 0.06 dim| Ma[1] 1.09 dism|
24419120 GHz| 2. 4419570 GHz|
10 di 10 o
/
-60 df -60 df
-70 da -70 da
CF 2442 GHz 691 pts Bpan 10.0 MHz CF 2442 GHz 691 pts Span 10.0 MHz
il il
L il Heasuring... a4 L jjl FRESIG. e
4,55 16 16:0%:1 L 4,55 16 16
Spectrum 3 (%) o Spectrum 3 (%) i
Raf Loval 20 su d'Bm oﬁsat 10.60 dB = RBW 2 MHz Raf Loval 20 su d'Bm oﬁsat 10.60 dB = RBW 2 MHz
po_att 1ms & VBW S MH: Modo Auto Swesp pe_att 1ms & VBW £ MH: Mode Auto Sweep
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EDR(3Mbps)
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3.5. Carrier frequency separation
Test setup

EUT Attenuator Spectrum analyzer

Test procedure
DA 00-705

Test Setting
1. The EUT must have its hopping function enabled. Use the following spectrum analyzer settings:

2. Span = wide enough to capture the peaks of two adjacent channels
3. Resolution (or IF) Bandwidth (RBW) > 1% of the span
4. Video (or Average) Bandwidth (VBW) > RBW

5. Sweep = auto
6. Detector function = peak
7. Trace = max hold

Allow the trace to stabilize. Use the marker-delta function to determine the separation between the peaks of
the adjacent channels. The limit is specified in one of the subparagraphs of this Section. Submit this plot.

Limit

According to 15.247(a)(1), frequency hopping system operating in 2 400 ~ 2 483.5 M. Band may have
hopping channel carrier frequencies that are separated by 25 Kbz or two-third of 20 dB bandwidth of the
hopping channel, whichever is greater, provided the systems operate with an output power no greater
than 125 mW.

Frequency(Mk) Channel no. Data rate(Mbps) Channel(ﬁ;)paratlon
2441 39 1 0.999
2441 39 3 0.999

Note:

Measurement is made with EUT operating in hopping mode between 79 channels providing a worse case
scenario as compared to AFH mode hopping between 20 channels.
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Spectim3  (® | Spectrum 3 (1) |
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3.6. Number of hopping frequency

Test setup

EUT Attenuator Spectrum analyzer

Test procedure
DA 00-705

Test setting
. The EUT must have its hopping function enabled.

. Frequency range: 2 400 Mz ~2 441.5 Miz, 2 441.5 Mz ~2 483.5 Mk
. Span = the frequency band of operation

.RBW =300 Kbz (> 1% of the span)

.VBW =1 M (=RBW)

. Sweep = auto

. Detector function = peak

. Trace = max hold

01N DN KW~

All the trace to stabilize. Use the marker-delta function to determine the separation between the peaks of the
adjacent channels.

Limit

According to 15.247(a)(1)(iii), for frequency hopping system operating in the 2 400 ~ 2 483.5 Mz bands
shall use at least 15 hopping frequencies.

Note: In case of AFH mode, minimum number of hopping channels is 20.
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Hopping mode_ BDR(1Mbps)

Hopping mode_ EDR(3Mbps)
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3.7. Time of occupancy

Test setup

EUT Attenuator Spectrum analyzer

Test procedure
DA 00-705

Test setting
1. The EUT must have its hopping function enabled.

2. Span = zero span, centered on a hopping channel

4. RBW =1 M

5.VBW =1 Mz (= RBW)

6. Sweep = as necessary to capture the entire dwell time per hopping channel
7. Detector function = peak

8. Trace = max hold

Limit
According to 15.247(a)(1)(iii), for frequency hopping system operating in the 2 400 ~ 2 483.5 M band,

the average time of occupancy on any frequency shall not be greater than 0.4 second within a 31.6
second period.

A period time = 0.4(s) x 79 = 31.6(s)

Time of occupancy on the TX channel in 31.6 sec
= time domain slot length x (hop rate + number of hop per channel) x 31.6

 Adaptive Frequency Hopping
A period time = 0.4(s) x 20 = 8.0(s)

Time of occupancy on the TX channel in 8.0 sec
= time domain slot length x (hop rate + number of hop per channel) x 8.0
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Operation mode: GFSK , 1/4-DQPSK, 8DPSK

el Frequency Dwell time Timecfa‘a?]C:;F:ﬁn;f g geihe 1B Limit for time qf occupancy on the
(MHz) (ms) (ms) Tx channel in 31.6 sec (ms)
DHI1 2441 0.407 134.08 400
DH3 2 441 1.657 268.48 400
DH5 2 441 2.909 312.32 400
2-DHI 2441 0.417 139.20 400
2-DH3 2441 1.670 269.60 400
2-DH5 2441 2917 312.85 400
3-DHI 2441 0.417 140.16 400
3-DH3 2441 1.667 269.60 400
3-DH5 2441 2.919 313.49 400
Note:

Normal Mode

DH1: Dwell time (ms) % [(1 600 +2) + 79] x 31.6(s) = 134.08 (ms)
DH3: Dwell time (ms) % [(1 600 +4) + 79] x 31.6(s) = 268.48 (ms)
DHS5: Dwell time (ms) % [(1 600 + 6) + 79] x 31.6(s) = 312.32 (ms)
2-DH1: Dwell time (ms) % [(1 600 +2) + 79] x 31.6(s) = 139.20 (ms)
2-DH3: Dwell time (ms) % [(1 600 +4) + 79] x 31.6(s) = 269.60 (ms)
2-DHS5: Dwell time (ms) x [(1 600 + 6) + 79] x 31.6(s) = 312.85 (ms)
3-DH1: Dwell time (ms) x [(1 600 + 2) + 79] x 31.6(s) = 140.16 (ms)
3-DH3: Dwell time (ms) x [(1 600 = 4) + 79] x 31.6(s) = 269.60 (ms)
3-DHS5: Dwell time (ms) x [(1 600 + 6) + 79] x 31.6(s) = 313.49 (ms)
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Spectrum 3 k4 Spectrum 3 a2
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EDR(3Mbps)
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3.8. AC conducted emissions

Limit

According to 15.207(a), for an intentional radiator that is designed to be connected to the public utility (AC)
power line, the radio frequency voltage that is conducted back onto the AC power line on any frequency or
frequencies, within the band 150 kiz to 30 M, shall not exceed the limits in the following table, as measured
using a 50uH/50 ohm line impedance stabilization network (LISN). Compliance with the provision of this
paragraph shall on the measurement of the radio frequency voltage between each power line and ground at
the power terminal. The lower applies at the boundary between the frequencies ranges.

o Conducted limit (dBzV/m)
Frequency of Emission (Mk) -
Quasi-peak Average
0.15-0.50 66 - 56* 56 - 46*
0.50 - 5.00 56 46
5.00-30.0 60 50

Note:

1. All AC line conducted spurious emission are measured with a receiver connected to a grounded LISN
while the EUT is operating at its maximum duty cycle, at maximum power, and the appropriate
frequencies. All data rates and modes were investigated for conducted spurious emission. Only the
conducted emissions of the configuration that produced the worst case emissions are reported in this

section.

3. Both Cable loss and LISN factor are included in measurement level(QP Level or AV Level).
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Test results

Hot Line
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% 4o+ * "o, : 4030
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Appendix A. Measurement equipment
Equipment Manufacturer Model Serial No. qulbratlon CalizrEar
interval due.
Spectrum Analyzer R&S FSV40 101002 1 year 2017.07.06
Spectrum Analyzer R&S FSV30 10076 1 year 2017.07.06
8360B Series Swept HP 83630B 3844A00786 1 year 2017.01.25
Signal Generator
PSG Analog
. AGILENT E8257C US42340237 1 year 2017.07.05
Signal Generator
Attenuator Agilent 8493C 51401 1 year 2017.07.05
Wideband Power Sensor R&S NRP-Z81 101886 1 year 2017.01.22
Power Meter Anritsu ML2495A 1438001 1 year 2017.01.25
Pulse Power Sensor Anritsu MA2411B 1339205 1 year 2017.01.25
HFH2-
Loop Antenna R&S 72335.4711.52 826532 2 years 2017.03.03
Trilog-broadband SCHWARZBECK VULB 9163 9168-713 2 years 2017.05.15
antenna
Horn Antenna AH. SAS-571 781 2 years 2017.05.07
Horn Antenna SCHWARZBECK BBHA9170 BBHA9170550 2 years 2017.04.30
. . WAINWRIGHT
High Pass Filter INSTRUMENT WHIJS3000-10TT 1 1 year 2017.07.04
Low Pass Filter WEINSCHEL WLK1.0/18G-10TT 1 1 year 2017.07.04
Preamplifier SCHWARZBECK BBV-9718 9718-246 1 year 2016.10.23
Broadband Amplifier SCHWARZBECK BBV-9721 PS9721-003 1 year 2017.01.25
EMI Test Receiver R&S ESR3 101781 1 year 2017.05.03
EMI Test Receiver R&S ESU26 100552 1 year 2017.04.24
EMI Test Receiver R&S ESR3 101783 1 year 2017.05.03
LISN R&S ENV216 101137 1 year 2017.02.04
Peripheral devices
Device Manufacturer Model No. Serial No.
AC/DC Adapter Weihai Sunlin electronics PPC-340-M5 N/A
Co. Ltd
Monitor LG Electronics Inc. FLATRON 23EN43V 312NDZJ75261
SHENZHEN HONOR
AC/DC Adapter ELECTRONIC CO..Ltd. ADS-40FSG-19 EAY 62768606
WORLD OF MAX
Mouse TECHNOLOGIES V200 N/A
COMPANY LIMITED
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Appendix B.  Test setup photo

Radiated
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