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5.8. Pseudorandom Frequency Hopping Sequence
LIMIT

FCC CFR Title 47 Part 15 Subpart C Section 15.247 (a)(1):

Frequency hopping systems shall have hopping channel carrier fre-quencies separated by a minimum of 25
kHz or the 20 dB bandwidth of the hop-ping channel, whichever is greater. Al-ternatively, frequency hopping
systems operating in the 2400-2483.5 MHz band may have hopping channel carrier fre-quencies that are
separated by 25 kHz or two-thirds of the 20 dB bandwidth of the hopping channel, whichever is greater,
provided the systems operate with an output power no greater than 125 mW. The system shall hop to chan-
nel frequencies that are selected at the system hopping rate from a pseudo ran-domly ordered list of hopping
fre-quencies. Each frequency must be used equally on the average by each trans-mitter. The system
receivers shall have input bandwidths that match the hop-ping channel bandwidths of their cor-responding
transmitters and shall shift frequencies in synchronization with the transmitted signals.

TEST RESULTS

The pseudorandom frequency hopping sequence may be generated in a nice-stage shift register whose 50
and 9" stage outputs are added in a modulo-two addition stage.And the result is fed back to the input of the
friststage.The sequence begins with the frist one of 9 consecutive ones,forexample:the shift register is
initialized with nine ones.

@® Number of shift register stages:9

@ Length of pseudo-random sequence:29-1=511 bits

@® Longest sequence of zeros:8(non-inverted signal)

()

Linear Feedback Shift Register for Generation of the PRBS sequence

An explame of pseudorandom frequency hopping sequence as follows:

0 2 4 6 62 64 78 1 7137577

A

Each frequency used equally one the average by each transmitter.
The system receiver have input bandwidths that match the hopping channel bandwidths of their
corresponding transmitter and shift frequencies in synchronization with the transmitted signals.

Report Template Version: HOO (2016-08)
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5.9. Restricted band (radiated)
LIMIT

FCC CFR Title 47 Part 15 Subpart C Section 15.247 (d):

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally modulated
intentional radiator is operating, 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) (see §15.205(c)).

TEST CONFIGURATION

Tumtable. |
\ EUT- 1m to 4me
Tests
Recavers
L _/’
Ground Plane. Coaxial Cables

[
absorbere

TEST PROCEDURE

1.  The EUT was setup and tested according to ANSI C63.10:2013 for compliance to FCC 47CFR 15.247
requirements.

2. The EUT is placed on a turn table which is 1.5 meter above ground. The turn table is rotated360 degrees

to determine the position of the maximum emission level.

The EUT waspositioned such that the distance from antenna to the EUT was 3 meters.

4. The antenna is scanned from 1 meter to 4 meters to find out the maximum emission level. Thisis
repeated for both horizontal and vertical polarization of the antenna. In order to find themaximum
emission, all of the interface cables were manipulated according to ANSI C63.10:2013 on radiated
measurement.

5. The receiver set as follow:

RBW=1MHz, VBW=3MHzPeak detector for Peak value
RBW=1MHz, VBW=10HzPeak detector for Average value.

w

TEST MODE:
Please refer to the clause 3.3

TEST RESULTS

X] Passed ] Not Applicable

Note:

1) Final level= Read level + Antenna Factor+ Cable Loss- Preamp Factor

2) Have pre-scan all modulation mode, found the GFSK modulation which it was worst case, so only the
worst case’s data on the test report.

Report Template Version: HOO (2016-08)



Report No.:TRE1612016201

Page 29 of 47

Issued: 2017-01-09

CHOO for BT Vertical-Peak

CHOO for BT Horizontal- Peak

1 soLevel (BT 130 LEvel @BV
120 120
10 100
" FCCCLASS B % a0 FCCCLASS B BQ(
64 FCC CLASS. BV ] FIC CLASS By
-
U s b b A A A AN A0 o i s e ‘
20 20
240 a0 2141 24l " 232 2350 2402
Frequency [MHzy Frequency (MHz)
Mark [requency Reading Artenns Csble [Mreamp  Lewvel Limit  Cwver  Remark Mark Frequency Reading Antenna Csble Preamp  Level Limit  Owver  Remark
o Mhz  dbm  dB 4B 43 dBm _cbm o fHz dfim dB dB dB dfin dBm limit
i a2 e QE2Z e Ak ol Faar L 23108.88 42,17 27.27  B.e2 0 37065 30,41 T4.53 0 -34.50 Peak
2 WAk 415 2763 675 78T A1.%h 74 Bd Peak 2 3\ oar A3 BB 2753 B.75 37T 48 Al JA. @A -33.93 Peak
3 ez Je¥s 2057 e Y ¥ A2 T Peak 3 240963 75.11 Z7.57  6.77  37.99 7L.5S 7489 -2.45 Pesk
CHOO for BT Vertical-Average CHOO for BT Horizontal- Average
13¢ LEvel {IDuvimy y3pLevel (dBuVim)
120 120
100 100
-
o FOC CLARSH p[ £ FCCCLASSE P;‘:
& Foccmssné\r " FCCCLASS BAV
/ 0
" ]
e e 1 oz i Jﬁun.‘w-'r’“/
e bttt U A A L S s T W TRRTS VB ™ b, W e, AW
n 20
Uz 2350 202 “za 2320 2350 2402
Fetuercy iMHz) Frequency (Hz)
Ma~k  brequency Weading Artenna Lsble Freamp Leval LimLt  Uwer  demark Mark Frequency Readinz Antenna Cable Preamp Level Limit  Over Remark
Mrz bim dB 5 db dtim b limit Mhz dBm dg dB dg dem dgm limit
L 245008 48,81 2.0 boel 40.6h 17,015 bALA4 iblEh Avepage L 23e.68 3467 27.27  €.62 3.6 36,91 54.98  -23.80 Average
2 2390.92 38.3F 27.53 5.75  37.87 M.7E 5430 -19.2d Bverage 2 Zm@.E2 35.99 27.53 6.5 .87 3248 S4.88 -21.50 fwerage
3 200,063 22,00 27,57  E.7F 27,08 T3S 54,3 16.39  Average 3 2460.83 Je.73 27.57  B.J7 3.9 67.19  54.88 13.19  Average
CH78 for BT Vertical-Peak CH78 for BT Horizontal- Peak
il 1 qplevel (Budim)
120 120
1m0 100
.r"—‘__\ f’_r—\\
a - X PO 1 ASEH W i i h SRR TN
- s -
a" ™~ FCC CLASS B AY a0~ 5 FLC CLASS-BAV
— - Ze—
10 MM%@W » %MM
2 n
“247s 2500 2474 2500
Frequency {hHz) Trequency {Milzi
Mark Frequency ieadinz Antenna (sble Freamp Level Linit Over  lemark Mark  Frequency Resding Artenna Ceble  Preamp Level Linit Ouwar - Remsric
MHz dBm dB d3 iB dEm d3m lirit Wz dEm db db dB dBm dbm linit
1 483.5é 62,38 27.85  6.83 .47 58,1 74,88 -l4.B1 Peak L 2483.58 GO 18 27085 6.83 0 .87 Ge.9L T LLF.E3 Peak
2 25, 6@ 38 6l 27.9@ 6.8 37.87 35.4%F J4.8@  -38.52 Peak 2 2589, 80 3,97 2799 &€.nd 3747 3EM . 37,24 Peak
CH78 for BT Vertical-Average CH78 for BT Horizontal- Average
13nLEvel (dBuvin) 130 LEve] (WBukim)
120 120
100 100
30

FCC CLASS B PK

ﬁl]m,.__,m\.r/

FCC CLASS.B Y

20|
T2475 2500
Frequency MHz)
Mark Frequency Reading Antenna Csble Preamp Level Limit Over  Remark
WHz dBm dB dB dB dBm dBm limit
L 2483.5@ 55.17 27.85  6.83 37.87 5L.08 54,89 -2.82 Average
2 256E, B8 28.68 27.98  B.B4 3787 25.47 S 02 -28.53 Average

" i

FCCCLASS.B DK

FCCCLASSB AV

v W
Nt
20
2475 2500
Freguency (lz)
Mark Frequency Reading Antenna Cable Preamp Level Limit Over  Remark
MHz <Bm dB dB dB dBm dBm limit
1. 2483 58 55.52 Z27.85 B.83 37 a7 52.33 5407 -1 67 Average
2 258008 J8.77 27.90  €.84 37.97 27.64 54.B9  -26.35 Averaze




Report No.:TRE1612016201 Page 30 of 47 Issued: 2017-01-09

5.10.Bandedge and Spurious Emission (conducted)
LIMIT

FCC CFR Title 47 Part 15 Subpart C Section 15.247 (d):

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum intentional radiator is
operating, the radio frequency power that is produced by the intentional radiator shall be at least 20 dB below
that in the 100 kHz bandwidth within the band that contains the highest level of the desired power, based on
either an RF conducted or a radiated measurement.

TEST CONFIGURATION

Spectrum Analyzer

-
og=- EUT

Non-Conducted
Table

= Ground Referance Plang e

TEST PROCEDURE

1. The transmitter output was connected to the spectrum analyzer through an attenuator, the pathloss was
compensated to the results for each measurement.

2. Set to the maximum power setting and enable the EUT transmit continuously
3. Use the following spectrum analyzer settings:

RBW= 100 KHz, VBW=RBW

Sweep = auto, Detector function = peak, Trace = max hold
4. Measure and record the results in the test report.

TEST MODE:
Please refer to the clause 3.3

TEST RESULTS

X] Passed [] Not Applicable

Report Template Version: HOO (2016-08)
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5.11. Spurious Emission (radiated)

LIMIT

FCC CFR Title 47 Part 15 Subpart C Section 15.209

Issued: 2017-01-09

Frequency Limit (dBuV/m @3m) Value
30MHz-88MHz 40.00 Quasi-peak
88MHz-216MHz 43.50 Quasi-peak
216MHz-960MHz 46.00 Quasi-peak
960MHz-1GHz 54.00 Quasi-peak
Above 1GHz 54.00 Average
74.00 Peak

TEST CONFIGURATION

»  9KHz ~30MHz

Turntable

iLoop antenna

Test
Receiver

Ground Plane

I—

Coaxial Cable

» 30MHz ~ 1GHz

Turntable

\ EUT

3m

=T

1mto 4m

0.8m I
[ ]

Test
Receiver
|

Ground Plane

Coaxial Cable ;

» Above 1GHz

Tumtable

"\ EUT.

Tests
Recevers

me 1 ‘

Im to 4m-

|

l
Ground Plane. *:

J Coacial Cable ;

absorber
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TEST PROCEDURE

1.  The EUT was tested according to ANSI C63.10:2013 for compliance to FCC 47CFR 15.247 requirements.
The EUT is placed on a turn table which is 0.8 meter above ground. The turn table is rotated360 degrees
to determine the position of the maximum emission level.

3. The EUT waspositioned such that the distance from antenna to the EUT was 3 meters.

4. The antenna is scanned from 1 meter to 4 meters to find out the maximum emission level. Thisis
repeated for both horizontal and vertical polarization of the antenna.

5. Use the following spectrum analyzer settings
(1) Span shall wide enough to fully capture the emission being measured;

(2) Below 1GHz, RBW=120KHz, VBW=300KHz, Sweep=auto, Detector function=peak, Trace=max hold;
If the emission level of the EUT measured by the peak detectoris 3 dB lower than the applicable limit,
the peak emission level will be reported. Otherwise, theemission measurement will be repeated using
the quasi-peak detector and reported.

(3) Above 1GHz, RBW=1MHz, VBW=3MHz Peak detectorfor Peak value

RBW=1MHz, VBW=10Hz Peak detectorfor Average value.

TEST MODE:
Please refer to the clause 3.3

TEST RESULTS

X Passed [ ] Not Applicable

Note:

1) Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor

2) ¥ means this data is the too weak instrument of signal is unable to test.

3) The emission levels of other frequencies are very lower than the limit and not show in test report.

4) Have pre-scan all modulation mode, found the GFSK modulation which it was worst case, so only the
worst case’s data on the test report.

Report Template Version: HOO (2016-08)



Report No.:TRE1612016201 Page 36 of 47 Issued: 2017-01-09
> 9kHz ~ 30MHz
Test mode Worst case mode Polarization Horizontal
Level [dBpY/m]
I T e e T TR e R
| | | | | [ | | | | | [ | | | | | R A | | |
L e
R R b et Y UL
| | | | | [ | | | | | [ | | | | | R A | | |
] Bt L
B e b A e b-an]
Sy A L 1T L o SO N I R SUUNNL SO U T (X R, S
| | | I 0! | | | | [ (| | | | [ ¥ i
A, AR S A S S S SR
Y T S W S SO 111 S O S R S R S S S i b
I I R R b
0 9k 20k 30k 50k 70k 100k 200k 300k 500k ™ 2M  3M 4M  6M  10M 30M
Frequency [Hz]
Frequency Level Transd Limit Margin Det. Result
MHz dBuv/m dB (dBuv/im @3m) | dB
0.009967 39.57 22.3 127.63 88.06 Avg. Pass
0.012626 41.02 22.3 125.58 84.56 Avg. Pass
0.017282 42.35 22.2 122.85 80.50 Avg. Pass
0.019015 48.52 22.1 122.02 73.50 Avg. Pass
0.021562 41.09 22.1 120.93 79.84 Avg. Pass
0.035464 51.35 21.9 116.61 65.26 Avg. Pass
Remark:
1. Level =Receiver Read level+ Transd

2. Transd=Antenna Factor+Cable Loss
3. The loop antenna rotated about both vertical and horizontal to find the maximum emission, so only the

worst position (horizontal) was reported.

4. According to the clause 15.31(2),Limit (dBuV/m @3m)= Limit (dBuV/m @300m)+40log(300m/3m)

5.§15.209(d) The emission limits shown in the above table are based on measurements employing a 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.
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Polarization:

Vertical

Level [dBuYim]
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Polarization:

Horizontal

Level [dBuV/im]
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ES  CMLE1213607% red
Freguency Level scC Limit Margin Det. Height 2Zzimuth FPolarizaticn
MH= dBpV/m dB dBpV/m d deg
239.5320000 321.00 & 46.0 15.0 o@P 100 1.00 HORIZCONTAL
288.020000 35.60 3 46 .0 10.4 QP 100 .00 HORIZONTAL
307.420000 30.80 a8 46.0 15.2 gpP 100 130.00 HORIZONTAL
35%.800000 31.80 5 46.0 14.1 ¢gP 100 154.00 HORIZONTAL
g00.180000 34,00 -1.1 46.0 12.0 ogP 100 .00 HORIZONTAL
514.640000 332.20 1.3 46.0 12.8 QP 100 29.00 HORIZONTAL

Polarization
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> Above 1GHz

CHO00 Vertical
gpLEVEl {dBUIm)
FCC CLASS.B PR
i
il
FCC CLASS-B AV
al 1
1|l 1 2
30
| |
10
u'll]l][l 1500 2000 5000 1000 25000
Frequency fMHz)
Mark Frequency Reading B&ntenna Cable Preamp Level Limit Dwer  Remark
MHz dBuYm dB dB dB dBuY/m dBuYSm limit
L 1663, &y A6 G5 2.8 418 6,34 3§.88 Fd.Ba -35.78 Peak
2 286,65 3870 28 .58 g.42 Z7.99 =7 8@ TA.B3 26,268 Peal
3 S40T, 36 Jzv3l 3583 18,33 3798 39.69 .0 -F4,.31 Peak
4 12415 .98 iz, 8B 3FIB.EL 12,81 3.4 45,32 FA4.63  -27.68 Peak
CHOO0 Horizontal
gp LEVe! (WBuvm)
FCCCLASS-BPK
70
G0
FCCCLASS-BH AY
50
1 2 3 :
an * ?
3o
20
10
I]'II]I]l] 1500 2000 000 10000 25000
Freguency (MHz)
Mark Frequency Reading dntenna Cahle Preamp Level Limit Cher Remark
MHz dBulSm dB dB dB dBuY/m dBul/m  limit
L 1866 .58 S, 95 24,28 4,19 F0.34 43.88 T4 -30.92  Peak
2 196,37 A2.74  2B.5EB g.42 7.99  41.76 T4.63 -22.24 Peak
3 FE55 85 3. 45 35.8% 14@.79 .87 42,85 4.8 -31.9%  Peak
4 13440 57 12,32  38.6b 12.33 .14 4k .68 T4.683 -28.22 Peak

Remark:

1. Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor

2. The peak level is lower than average limit(54dBuV/m), this data is the too weak instrument of signal is unable to test.
3. The emission levels of other frequencies are very lower than the limit and not show in test report.
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CH39 Vertical
aanI{tﬁNMi}
FCC CLASS-B PH
70
&0
FLCCLASS-H oY
50 i
! i 3 .
40 1 L
Jo
20
10
uilllll] 1500 2000 s000 1nnon 25000
Fregquency (MHz)
Marlk  Frequency RKeading fAntenns Cable Freamp Level Limit Chrer  Remark
MHz dBul/m db db db dBuYm dBui'/m limit
L 162, @r L@, 50 J4.28 A LB Zh.32 4171 Jd.Ba 31,29 Peak
2 3196 .37 42,61 28.50 d.43 37.99  d41.63 Jd.Ba -32.37 Peak
3 LELA 38 33,32 35 .68 1@.6d4 2. @l A1.52 JAd.BHa 3248 Peak
4 1#349, 14 3z. 41 3g.6l 12.76 0.4 45.6d Jd.8a -28.30 Peak
CH39 Horizontal
auLml{lﬂNﬂn}
FCC CLASS-B PK
70
60
FCC CLASS-B AV
50
| 7 j E
10 -
30
20
10
I31l]l]l] 1500 2000 5000 1000 25000
Frequency iHz)
Mark Frequency Reading AGntenna Cable Preamp Level Limit Ower Remark
MH= dBuYm dB dB dB dBuYm dEum limit
1 lae3, ey 5e.43 24,268 4,18 Jg.34  42.55 Fd.02 -3L.45 Peak
2 3196, 37 42 .65 28.58 g.43 37.599 A41.7L1 FAd.Ha 32,29 Peak
3 7odb. 6 J3.26 J6.30 11.i6 .23 42.77 Jd.8a -31.23 Peak
4 S9ERl. 33 33 . J8.32 11.36 33.11 45 6L Fd.Ha 28,39 Peak

Remark:

1. Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor

2. The peak level is lower than average limit(54dBuV/m), this data is the too weak instrument of signal is unable to test.
3. The emission levels of other frequencies are very lower than the limit and not show in test report.
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CH78 Vertical
EanlﬂﬂNﬂm
FCCCLASS-B PH
m
ill}
) 0 1 R 0 : : FCCCLASS B AV
a0 4
1 q 3 '
10 i :
3n
20
10
"mnn 1500 2000 5000 10000 25000
Freguency (MHz)
Mark Frequency Reading A&ntenna Cable Preamp Lewvel Limit Cver  Remark
MHz dBuiSm dB dB dB dBuY/m dBuym  limit
L 1859.65 Si.86 24,27 4A1F 36.33 43,17 74,688 -36.83 Peak
2 2He. 6% A1, 3¢ 1888 842 37.9% Al 3% .83 -33.62 Peak
3 747674 j2.868 J6.1B 1é.96 38.15  41.87 74,88 -32.13 Peak
4 11GiEE, 97 32,25 349,18 13.49 37,88  A6.% Jd. Bz -27.81 Peak
CH78 Horizontal
aanI{tﬁNﬂn}
FCC CLASS-BPK
70
60
FCC CLASS-B WY
50 4
10 1 i '
30
20
10
uil]l][I 1500 2000 S000 10000 Za000
Frequency iMHz)y
Mark Frequency Reading AGntenna Cable Preanp Level Limitc Qwer  Remark
MHz dBuY/m dB dB dB dBuY/m dBuvym  limit
L 2123.82 41,73 26.5% §6.38 37.36  37.34 74,08 -36.66 Peak
2 Jplg, Gd 37,33 22,87  8.7e  3F7.9% 35,497 Td. Bz -2T7.82 FPeak
3 Oe¥AI 2T 32,95 J5.41 1é.53 .92 44.47 4.0 -33.13 Peak
4 1=l @9 32,87 Fo.@d 13,14 38.14 Ao .el Jd. Bz -27.39 Peak

Remark:

1. Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor

2. The peak level is lower than average limit(54dBuV/m), this data is the too weak instrument of signal is unable to test.
3. The emission levels of other frequencies are very lower than the limit and not show in test report.
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6. Test Setup Photos of the EUT

Conducted Emission (AC Mains)

Radiated Emission
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7. External and Internal Photos of the EUT

External Photos
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Internal Photos
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