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4 Test Summary

Report No.: GTS201807000081F01

Test Item Section in CFR 47 Result

Antenna Requirement 15.203/15.247 (c) Pass

AC Power Line Conducted Emission 15.207 N/A
Conducted Peak Output Power 15.247 (b)(1) Pass
20dB Occupied Bandwidth 15.247 (a)(1) Pass
Carrier Frequencies Separation 15.247 (a)(1) Pass
Hopping Channel Number 15.247 (a)(1) Pass
Dwell Time 15.247 (a)(1) Pass
Pseudorandom Frequency Hopping 15.247(b)(4) Pass

Sequence
Radiated Emission 15.205/15.209 Pass
Band Edge 15.247(d) Pass

Pass: The EUT complies with the essential requirements in the standard.

N/A: Not applicable.

Remark: Test according to ANSI C63.10:2013

Measurement Uncertainty

Test Item Frequency Range Measurement Uncertainty Notes
Radiated Emission 9kHz ~ 30MHz + 4.34dB Q)
Radiated Emission 30MHz ~ 1000MHz + 4.24dB Q)
Radiated Emission 1GHz ~ 26.5GHz + 4.68dB (1)

AC Power Line Conducted
o 0.15MHz ~ 30MHz + 3.45dB (1)
Emission

Note (1): The measurement uncertainty is for coverage factor of k=2 and a level of confidence of 95%.

Global United Technology Services Co., Ltd.

No. 301-309, 3/F., Jinyuan Business Building, No.2, Laodong Industrial Zone,
Xixiang Road, Baoan District, Shenzhen, Guangdong, China 518102
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5 General Information
5.1 General Description of EUT

Product Name: Bluetooth Keyboard
Model No.: HB197-G

Serial No.: HSHB197G00003
Test sample(s) ID: GTS201807000081-1
Sample(s) Status Engineer sample
Hardware version: V1.0

Software version: V1.0

Operation Frequency: 2402MHz~2480MHz
Channel numbers: 79

Channel separation: 1MHz

Modulation type: GFSK

Antenna Type: PCB Antenna
Antenna gain: 1.87dBi

Power supply: DC3.0V by 2*AAA batteries

Global United Technology Services Co., Ltd.

No. 301-309, 3/F., Jinyuan Business Building, No.2, Laodong Industrial Zone,

Xixiang Road, Baoan District, Shenzhen, Guangdong, China 518102
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Operation Frequency each of channel

Channel Frequency Channel Frequency Channel Frequency Channel Frequency
1 2402MHz 21 2422MHz 41 2442MHz 61 2462MHz
2 2403MHz 22 2423MHz 42 2443MHz 62 2463MHz
3 2404MHz 23 2424MHz 43 2444MHz 63 2464MHz
4 2405MHz 24 2425MHz 44 2445MHz 64 2465MHz
5 2406MHz 25 2426MHz 45 2446MHz 65 2466MHz
6 2407MHz 26 2427MHz 46 2447MHz 66 2467MHz
7 2408MHz 27 2428MHz 47 2448MHz 67 2468MHz
8 2409MHz 28 2429MHz 48 2449MHz 68 2469MHz
9 2410MHz 29 2430MHz 49 2450MHz 69 2470MHz
10 2411MHz 30 2431MHz 50 2451MHz 70 2471MHz
11 2412MHz 31 2432MHz 51 2452MHz 71 2472MHz
12 2413MHz 32 2433MHz 52 2453MHz 72 2473MHz
13 2414MHz 33 2434MHz 53 2454MHz 73 2474MHz
14 2415MHz 34 2435MHz 54 2455MHz 74 2475MHz
15 2416MHz 35 2436MHz 55 2456MHz 75 2476MHz
16 2417MHz 36 2437MHz 56 2457MHz 76 2477MHz
17 2418MHz 37 2438MHz 57 2458MHz 77 2478MHz
18 2419MHz 38 2439MHz 58 2459MHz 78 2479MHz
19 2420MHz 39 2440MHz 59 2460MHz 79 2480MHz
20 2421MHz 40 2441MHz 60 2461MHz

Note:

In section 15.31(m), regards to the operating frequency range over 10 MHz, the Lowest frequency, the
middle frequency, and the highest frequency of channel were selected to perform the test, and the selected
channel see below:

Channel Frequency
The lowest channel 2402MHz
The middle channel 2441MHz
The Highest channel 2480MHz

Global United Technology Services Co., Ltd.
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5.2 Test mode

Transmitting mode Keep the EUT in continuously transmitting mode.

Remark: During the test, the test voltage was tuned from 85% to 115% of the nominal rated supply
voltage, and found that the worst case was under the nominal rated supply condition. So the report just
shows that condition’s data.

5.3

Description of Support Units

None.

5.4 Test Facility

The test facility is recognized, certified, or accredited by the following organizations:

e FCC —Registration No.: 381383

Global United Technology Services Co., Ltd., Shenzhen EMC Laboratory has been registered and fully
described in a report filed with the (FCC) Federal Communications Commission. The acceptance letter
from the FCC is maintained in files. Registration 381383, January 08, 2018.

e Industry Canada (IC) —Registration No.: 9079A-2

The 3m Semi-anechoic chamber of Global United Technology Services Co., Ltd. has been registered by
Certification and Engineering Bureau of Industry Canada for radio equipment testing with Registration
No.: 9079A-2, August 15, 2016.

5.5

Test Location

All tests were performed at:

Global United Technology Services Co., Ltd.

Address: No. 301-309, 3/F., Jinyuan Business Building, No.2, Laodong Industrial Zone, Xixiang Road,
Baoan District, Shenzhen, Guangdong, China 518102

Tel: 0755-27798480

Fax: 0755-27798960
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No. 301-309, 3/F., Jinyuan Business Building, No.2, Laodong Industrial Zone,

Xixiang Road, Baoan District, Shenzhen, Guangdong, China 518102
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5.6 Additional Instructions

EUT Software Settings:
Special software is used.
Mode The software provided by client to enable the EUT under transmission
condition continuously at specific channel frequencies individually.
Test Software Name Bluetooth RF Test Tool V2017.7.11
Mode Channel Frequency (MHz) Soft Set
GFSK, 11/4-DQPSK, 8-DPSK CHO1 2402 TX level : default
CH40 2441
CH79 2480

UETELCT e g
Fle £dit View Trastport Window Help

W Log Window [STENTE || 1 we comtral: comi@ 1130006 e
by e BRI N B prtacat sctive 5 Vantar-spacifis rmmds B bapd

BO_ADDR = *TI1TI1Z411F2* I Held WPRX & O75 lew  Sonnt Irlﬂ razet davics with DTR etrobe

22:19.997 coml € Te_Test
BEI Ceemand
eeml115200n8

[51 BC 107 B2 11 24 11 17 73 01 0 O4 01 OF 53 04 00 00 00
opoode = OxFESL (6455, “Ix Tesc®)
Local_Pevice BOADDR = ~7317112413F0%
Hopping_Mode = 021 (i, “Single Irequency”)
Frequency = 020 (0, 3403 KHz")
Modulacion Type = Oxd (4, “PRBES Pactess”)
Logical_Chaznel = Oxl (1. "ACL Bazic™)
BS Facker Type = OxF (15, "DHE / 3-DES")

BS_Facker_length = 0x153 (339, Firmeare will limit len wo max §
Ix_Power_Level = 0x0 (0, "0 dim®)

33:30.023 coml < T Test
HCI Cosmand Cosplete Event

eeml@l15200nse
[0F 04): 01 51 FC 00
event = OxE (14, *Command Complece®)
lhim_WCI_Command_Packets = Gxl (1)
Command_Opcode = CXFCSL (84593, “Tx_Test™)
Frazis = 020 (2, “Success™)

. ]
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6 Test Instruments list

Radiated Emission:

Item Test Equipment Manufacturer Model No. Invzlltlory (n::gl_':j_t;y) C(:r&:'n?_l:ﬁjij?f
1| 3 SZ’:; nfb”eerChOic ZhongYu Electron | 9.2(L)*6.2(W)* 6.4(H) | GTS250 | July. 032015 | July. 02 2020
2 Control Room ZhongYu Electron | 6.2(L)*2.5(W)* 2.4(H) | GTS251 N/A N/A
3 EMI Test Receiver Rohde & Schwarz ESU26 GTS203 | June. 27 2018 | June. 26 2019
4 BiConiLog Antenna MggngLAERIf'ﬁEgEIK VULB9163 GTS214 June. 27 2018 | June. 26 2019
5 |Pouble ’”dﬁs:jnwa"eg“ide MEES.VEVSSEFSSNK.K BBHA 9120 D GTS208 | June. 27 2018 | June. 26 2019
6 Horn Antenna ETS-LINDGREN 3160 GTS217 June. 27 2018 | June. 26 2019
7 EMI Test Software AUDIX E3 N/A N/A N/A
8 Coaxial Cable GTS N/A GTS213 | June. 27 2018 | June. 26 2019
9 Coaxial Cable GTS N/A GTS211 June. 27 2018 | June. 26 2019
10 Coaxial cable GTS N/A GTS210 | June. 27 2018 | June. 26 2019
11 Coaxial Cable GTS N/A GTS212 | June. 27 2018 | June. 26 2019
12 | Amplifier(100kHz-3GHz) HP 8347A GTS204 June. 27 2018 | June. 26 2019
13 | Amplifier(2GHz-20GHz) HP 84722A GTS206 June. 27 2018 | June. 26 2019
14 Amplifier (18-26GHz) Rohde & Schwarz AFS33-18002 GTS218 June. 27 2018 | June. 26 2019

650-30-8P-44
15 Band filter Amindeon 82346 GTS219 | June. 27 2018 | June. 26 2019
16 Power Meter Anritsu ML2495A GTS540 June. 27 2018 | June. 26 2019
17 Power Sensor Anritsu MA2411B GTS541 | June. 27 2018 | June. 26 2019
18 Cor\:]vri;’j:ii:;oia?iter Rohde & Schwarz CMWS500 GTS575 | June.27 2018 | June. 26 2019
19 Splitter Agilent 11636B GTS237 | June. 27 2018 | June. 26 2019
20 Loop Antenna ZHINAN ZN30900A GTS534 June. 27 2018 | June. 26 2019

Global United Technology Services Co., Ltd.

No. 301-309, 3/F., Jinyuan Business Building, No.2, Laodong Industrial Zone,

Xixiang Road, Baoan District, Shenzhen, Guangdong, China 518102

Telephone: +86 (0) 755 2779 8480 Fax: +86 (0) 755 2779 8960 Page 9 of 39
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RF Conducted Test:

. . Cal.Date Cal.Due date
Iltem| Test Equipment | Manufacturer Model No. Serial No. (mm-dd-yy) (mm-dd-yy)
MXA Signal .
1 Analyzer Agilent N9020A GTS566 June. 27 2018 June. 26 2019
2 | EMI Test Receiver R&S ESCI 7 GTS552 June. 27 2018 June. 26 2019
3 | Spectrum Analyzer Agilent E4440A GTS533 June. 27 2018 June. 26 2019
MXG vector Signal .
4 Generator Agilent N5182A GTS567 June. 27 2018 | June. 26 2019
ESG Analog Signal .
5 Generator Agilent E4428C GTS568 June. 27 2018 June. 26 2019
BRFP
6 | ° conor | DARE RPR3006W GTS569 June. 272018 | June. 26 2019
7 RF Switch Box Shongyi RFSW3003328 GTS571 June. 27 2018 June. 26 2019
8 | EMI Test Receiver R&S ESCI 7 GTS552 June. 27 2018 June. 26 2019
Programmable
9 | Constant Temp & WEWON WHTH-150L-40-880 GTS572 June. 27 2018 June. 26 2019
Humi Test Chamber
General used equipment:
. Cal.Date Cal.Due date
Iltem | Test Equipment Manufacturer Model No. Inventory No. (mm-dd-yy) (mm-dd-yy)
Humidity/ Temperature
1 Indicator KTJ TA328 GTS243 June. 27 2018 | June. 26 2019
2 Barometer ChangChun DYM3 GTS255 June. 27 2018 | June. 26 2019

Global United Technology Services Co., Ltd.

No. 301-309, 3/F., Jinyuan Business Building, No.2, Laodong Industrial Zone,
Xixiang Road, Baoan District, Shenzhen, Guangdong, China 518102
Telephone: +86 (0) 755 2779 8480 Fax: +86 (0) 755 2779 8960
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7 Test results and Measurement Data
7.1 Antennarequirement

Standard requirement: ‘ FCC Part15 C Section 15.203 /247(c)

15.203 requirement:

An intentional radiator shall be designed to ensure that no antenna other than that furnished by the
responsible party shall be used with the device. The use of a permanently attached antenna or of an
antenna that uses a unique coupling to the intentional radiator, the manufacturer may design the unit so
that a broken antenna can be replaced by the user, but the use of a standard antenna jack or electrical
connector is prohibited.

15.247(c) (1)(i) requirement:

(i) Systems operating in the 2400-2483.5 MHz band that is used exclusively for fixed. Point-to-point
operations may employ transmitting antennas with directional gain greater than 6dBi provided the

maximum conducted output power of the intentional radiator is reduced by 1 dB for every 3 dB that the
directional gain of the antenna exceeds 6dBi.

E.U.T Antenna:

The antenna is PIFA antenna, the best case gain of the antenna is 1.87dBi

Global United Technology Services Co., Ltd.

No. 301-309, 3/F., Jinyuan Business Building, No.2, Laodong Industrial Zone,

Xixiang Road, Baoan District, Shenzhen, Guangdong, China 518102

Telephone: +86 (0) 755 2779 8480 Fax: +86 (0) 755 2779 8960 Page 11 of 39
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7.2 Conducted Peak Output Power

Test Requirement: FCC Partl5 C Section 15.247 (b)(3)
Test Method: ANSI C63.10:2013
Limit: 20.97dBm
Test setup: Spectrum Analyzer

o Y o

A=) OO
o Y o
i oo E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments: Refer to section 6.0 for details
Test mode: Refer to section 5.2 for details
Test results: Pass

Measurement Data

Mode Test channel Fiegl O(gg):]t) s Limit (dBm) Result
Lowest -6.163

GFSK Middle -7.293 20.97 Pass
Highest -8.368

Global United Technology Services Co., Ltd.

No. 301-309, 3/F., Jinyuan Business Building, No.2, Laodong Industrial Zone,

Xixiang Road, Baoan District, Shenzhen, Guangdong, China 518102
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Test plot as follows:

Test mode: GFSK mode

[ Gyt Speciram heviar - St S

Marker 1 2401800000000 GHz 1 :;:){m:‘l‘-g‘l'):r

Ref Offcet 1 B
Ref 20.00 dBm

(Center 2.402000 GHz ‘Bpan 10.00 MHz
@#Res BW 2.0 MHz #VEBW 3.0 MHz Sweep 1.000 ms (1001 pis)

Lowest channel

[ Gyt Speciram heviar - St S
Marker 1 2440960000000 G _ . ::':’{:::::‘I‘ﬁ‘};:f
G
Ref Offcet 1 B Mkr1
Ref 20.00 dBm

(Center 2.441000 GHz ‘Bpan 10.00 MHz
@#Res BW 2.0 MHz #VEBW 3.0 MHz Sweep 1.000 ms (1001 pis)

Middle channel

[ Kermget speciram Az - vt

cor 1 2.47! 0 A Type: Log-Far

Marker 1 2.479900000000 G 0 g Fros un ‘::":.:‘I‘-g‘”
G " samen: 30cH

Ref Offcet 1 B
Ref 20.00 dBm

(Center 2.4B0000 GHz ‘Bpan 10.00 MHz
@#Res BW 2.0 MHz #VEBW 3.0 MHz Sweep 1.000 ms (1001 pis)

Highest channel

Global United Technology Services Co., Ltd.

No. 301-309, 3/F., Jinyuan Business Building, No.2, Laodong Industrial Zone,
Xixiang Road, Baoan District, Shenzhen, Guangdong, China 518102
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7.3 20dB Emission Bandwidth

Test Requirement: FCC Partl5 C Section 15.247 (a)(2)
Test Method: ANSI C63.10:2013
Limit: N/A
Test setup: Spectrum Analyzer

o Y o

A=) OO
o Y o
= 522 E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments: Refer to section 6.0 for details
Test mode: Refer to section 5.2 for details
Test results: Pass

Measurement Data

Mode Test channel 2l Emf;:oHnZ)Bandmdth Result
Lowest 1.041

GFSK Middle 1.039 Pass
Highest 1.037

Global United Technology Services Co., Ltd.

No. 301-309, 3/F., Jinyuan Business Building, No.2, Laodong Industrial Zone,
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Test plot as follows:

Test mode: GFSK mode

o Farge specm dmyee - i P

r Freg 24020000 z Center Freq: 4020000 Gz Hacio $13: None
Center Freq 2402000000 GH L Fres fun AgHeld 100400
#Galsiow  BATen: 3 cH Hacio Device: 615

Ref 20.00 dBm

#VBW 100 kHz

Occupied Bandwidth Total Power 0.76 dBm
974.67 kHz

Transmit Fraq Error T.8T1 kHz % of OBW Power 89,00 %

x dB Bandwidth 1.041 MHz xdB -20.00 dB

Lowest channel

[ Cervget spacinem by - e B
r Freg 24410000 z Center Freq: 244100000 Gtz Hacio $1d: Nore
Center Freq 2441000000 GH L Fres fun AgHeld 100400
#iGalsiow | BATen: 3 cH Hacio Device: 615

Ref 20.00 dBm

Center 2441 CHz
#Res BW 30 kHz #VBW 100 kHz

Occupied Bandwidth Total Power -0.50 dBm
971.39 kHz

Transmit Fraq Error 9.149 kHz % of OBW Power 89,00 %

x dB Bandwidth 1.039 MHz xdB -20.00 dB

Middle channel

o Farge specm dmyee - i P

Center Freq: Z4BIKON Gz Hacio $13: None
(e vl AvgiHald:= 1001100
#iGalsiow | BATen: 3 cH Hacio Device: 615

Ref 20.00 dBm

#VBW 100 kHz

Occupled Bandwidth Total Fower -1.51 dBm

968.62 kHz

Transmit Fraq Error 14.054 kHz % of OBW Power 89.00 %
x dB Bandwidth 1.037 MHz xdB -20.00 dB

Highest channel

Global United Technology Services Co., Ltd.
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7.4 Carrier Frequencies Separation

Test Requirement: FCC Partl5 C Section 15.247 (a)(1)
Test Method: ANSI C63.10:2013
Receiver setup: RBW=100KHz, VBW=300KHz, detector=Peak
Limit: GFSK,/4-DQPSK & 8DSK: 0.025MHz or 2/3 of the 20dB bandwidth
(whichever is greater)

Test setup: Spectrum Analyzer

o Y o

VN o Y o
[ o o |
- oo E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments: Refer to section 6.0 for details
Test mode: Refer to section 5.2 for details
Test results: Pass
Measurement Data
Mode Test channel el Frequ((la(r|1_|cz|()as SERalation Limit (kHz) Result
Lowest 1002 694 Pass
GFSK Middle 1014 694 Pass
Highest 999 694 Pass
Note: According to section 7.4
Mode 20dB bandwidth (kHz) Limit (kHz)
(worse case) (Carrier Frequencies Separation)
GFSK 1041 694

Global United Technology Services Co., Ltd.

No. 301-309, 3/F., Jinyuan Business Building, No.2, Laodong Industrial Zone,

Xixiang Road, Baoan District, Shenzhen, Guangdong, China 518102
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Test plot as follows:
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Modulation mode:

GFSK

Marksr 1 A 1.002000000WHz - My s

Ref Cffset 148
Ref 20,00 dBm

HVEW 300 kHz

Mir—RefLvi

Lowest channel

Avg Type: Log-Far
AvgiHald:= 100100

Ref Cffset 148
Ref 20,00 dBm

2441000 GHz Span 3.000 MHz;
W 100 kHz HVEW 300 kHz Sweep 1.000 ms (1001 prs)

104 MHz (&) -0.248 B
23410086 GHz | ~1.454 abim |
MEkr—Ref Lvi

1of2

Middle channel

Avg Type: Log-Far
AngHedd:= 1001100

Center 2479500 GHz
#Res BW 100 kHz HVEW 300 kHz

Mir—RefLvi

1of2

S5 G Pear Fowna

Highest channel
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Report No.: GTS201807000081F01

7.5 Hopping Channel Number

Test Requirement: FCC Partl5 C Section 15.247 (a)(1)
Test Method: ANSI C63.10:2013
Receiver setup: RBW=100kHz, VBW=300kHz, Frequency range=2400MHz-2483.5MHz,
Detector=Peak

Limit: 15 channels
Test setup: Spectrum Analyzer

o o

Fd o o
o o
= E';' E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments: Refer to section 6.0 for details
Test mode: Refer to section 5.2 for details
Test results: Pass

Measurement Data:

Mode Hopping channel numbers Limit Result

GFSK 79 15 Pass

[ Keysight Spectrum Analyzes - Swept 54

Marker 2 2.479893000000 GHz ) Avg Type: Log-Pwr
PNO: Fast Le Trig: Free Run Avg|Hold:>100/100

IFGain:Low #Atten: 30 dB

Ref Offset 1 dB
Ref 20.00 dBm

Marker Delta

Start 2.40000 GHz .
#Res BW 100 kHz #VBW 300 kHz Mkr—CF

Mkr—RefLvl

il
2
3
4
5
]
T
8
]
10
11

-
-]

More
10f2
STATUS |
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7.6 Dwell Time

Report No.: GTS201807000081F01

Test Requirement:

FCC Partl5 C Section 15.247 (a)(1)

Test Method:

ANSI C63.10:2013

Receiver setup:

RBW=1MHz, VBW=1MHz, Span=0Hz, Detector=Peak

Limit: 0.4 Second
Test setup: Spectrum Analyzer
=Y =t
A~ ooo
=r=r=
= oo E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass

Measurement Data

Frequency Packet Dwell time(ms) Limit(ms) Result
2441MHz DH1 135.68 400 Pass
2441MHz DH3 267.84 400 Pass
2441MHz DH5 312.00 400 Pass

The test period: T= 0.4 Second/Channel x 79 Channel =31.6 s
Test channel: 2441MHz as blow

DH1 time slot=0.424 (ms)*(1600/ (2*79))*31.6=135.68ms
DH3 time slot=1.674 (ms)*(1600/ (4*79))*31.6=267.84ms
DH5 time slot= 2.925(ms)*(1600/ (6*79))*31.6=312.00ms

Test plot as follows:

Global United Technology Services Co., Ltd.
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Test channel:

2441MHz

Marker 1 4 424,000 ps

et

Trig Delay-300 s Avg Type: Log-Par
rig: Videa

Center 2.441000000 GHz
BW 1.0 MHz

HVEW 1.0 MH?

DH1

Marker 1 & 1.67400 ms

of Cffaat 1 4B
Ref 20,00 dBm

A41000000 GHz
BW 1.0 MHz

Trig Detay-300.0 s
ig: Vides

rig:
Satten: 30 cB

HVEW 1.0 MH?

ED
A3 Type: Log-Far

Span 0 Hz
1 pis)

DH3

XE___... S N I —

2441000000 GHz

Trig Detay-300.0 s
Vides

Satten: 30 cB

HVEW 1.0 MH?

A3 Type: Log-Far

Span 0 Hz
1 pis)

2526 mala)
480 03|

DH5
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Report No.: GTS201807000081F01

7.7 Pseudorandom Frequency Hopping Sequence

Test Requirement: FCC Part15 C Section 15.247 (a)(1) requirement:

Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of
25 kHz or the 20 dB bandwidth of the hopping channel, whichever is greater.

Alternatively. Frequency hopping systems operating in the 2400-2483.5 MHz band may have hopping
channel carrier frequencies 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 channel frequencies that are selected at the system hopping rate
from a Pseudorandom ordered list of hopping frequencies. Each frequency must be used equally on the
average by each transmitter. The system receivers shall have input bandwidths that match the hopping
channel bandwidths of their corresponding transmitters and shall shift frequencies in synchronization
with the transmitted signals.

EUT Pseudorandom Frequency Hopping Sequence

The pseudorandom sequence may be generated in a nine-stage shift register whose 5th and 9th stage
outputs are added in a modulo-two addition stage. And the result is fed back to the input of the first
stage. The sequence begins with the first ONE of 9 consecutive ONEs; i.e. the shift register is initialized
with nine ones.

* Number of shift register stages: 9

« Length of pseudo-random sequence: 2°-1 = 511 bits

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

1 -
+ )

WA

Linear Feedback Shift Register for Generation of the PRBS sequence

An example of Pseudorandom Frequency Hopping Sequence as follow:
0 2 46 62 64 T8 1 7375 77

I
I
I
I
I
[
[
3

Each frequency used equally on the average by each transmitter.

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.
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7.8 Band Edge

Report No.: GTS201807000081F01

7.8.1 Conducted Emission Method

Test Requirement:

FCC Partl5 C Section 15.247 (d)

Test Method:

ANSI| C63.10:2013

Receiver setup:

RBW=100kHz, VBW=300kHz, Detector=Peak

Limit:

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 setup:

Spectrum Analyzer

Ooood
Al Ooood
Ooood

ooo
oo E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass

Test plot as follows:
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GFSK Mode:

Test channel: Lowest channel

Avg Type: Log-Far
AvgiHald:= 100100

A Type: Log-Far
Avgl

Hedd:= 1001100

Stop 2.41000 GHz|
HVEW 300 kHz

6,344 dBim |
51044 obm |
£6.632 dBm |

No-hopping mode Hopping mode

Test channel: Highest channel

play =29, ] Avg Type: Log-Par play @ 1 -28.59 d Avg Type: Log-Par
Display Line 1 -20.06 dBm i . g Display Lina 1 dBm i AgHLAn 100100
b

HVEW 300 kHz HVEW 300 kHz

5,065 B |
-BB.25Z OBm |

No-hopping mode Hopping mode
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Report No.: GTS201807000081F01

7.8.2 Radiated Emission Method

Test Requirement:

FCC Partl5 C Section 15.209 and 15.205

Test Method:

ANSI C63.10:2013

Test Frequency Range:

All restriction band have been tested, and 2.3GHz to 2.5GHz band is the
worse case

Test site: Measurement Distance: 3m
Receiver setup: Frequency Detector RBW VBW Remark
Peak 1MHz 3MHz Peak Value
Above 1GHz Peak 1MHz 10Hz Average Value
Limit: Frequency Limit (dBuV/m @3m) Remark
54.00 Average Value
Above 1GHz 74.00 Peak Value
Test setup:

[ *
L
Test Antenna«
g
< Im :
Tum Tables - g

<150cm >,

[ Receivers l—[ Preamplifier+

Test Procedure:

1. The EUT was placed on the top of a rotating table 1.5 meters above the
ground at a 3 meter camber. The table was rotated 360 degrees to
determine the position of the highest radiation.

2. The EUT was set 3 meters away from the interference-receiving
antenna, which was mounted on the top of a variable-height antenna
tower.

3. The antenna height is varied from one meter to four meters above the
ground to determine the maximum value of the field strength. Both
horizontal and vertical polarizations of the antenna are set to make the
measurement.

4. For each suspected emission, the EUT was arranged to its worst case
and then the antenna was tuned to heights from 1 meter to 4 meters
and the rota table was turned from O degrees to 360 degrees to find the
maximum reading.

5. The test-receiver system was set to Peak Detect Function and
Specified Bandwidth with Maximum Hold Mode.

6. If the emission level of the EUT in peak mode was 10dB lower than the
limit specified, then testing could be stopped and the peak values of the
EUT would be reported. Otherwise the emissions that did not have
10dB margin would be re-tested one by one using peak, quasi-peak or
average method as specified and then reported in a data sheet.

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass
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‘ Test channel. ‘ Lowest
Peak value:
Read Antenna Cable Preamp N Over
Frequency Level Limit Line L o
(MH2) Level Factor Loss Factor (dBuv/m) | (dBuv/m) Limit Polarization
(dBuV) (dB/m) (dB) (dB) (dB)
2310.00 41.16 26.91 3.56 35.87 35.76 74.00 -38.24 Horizontal
2390.00 42.03 27.11 3.64 36.08 36.70 74.00 -37.30 Horizontal
2310.00 41.52 26.91 3.56 35.87 36.12 74.00 -37.88 Vertical
2390.00 41.77 27.11 3.64 36.08 36.44 74.00 -37.56 Vertical
Average value:
Read Antenna Cable Preamp N Over
Frequency Level Limit Line o o
(MH2) Level Factor Loss Factor (dBuV/m) | (dBuV/m) Limit Polarization
(dBuV) (dB/m) (dB) (dB) (dB)
2310.00 28.33 26.91 3.56 35.87 22.93 54.00 -31.07 Horizontal
2390.00 28.43 27.11 3.64 36.08 23.10 54.00 -30.90 Horizontal
2310.00 28.51 26.91 3.56 35.87 23.11 54.00 -30.89 Vertical
2390.00 28.52 27.11 3.64 36.08 23.19 54.00 -30.81 Vertical
‘ Test channel. ‘ Highest
Peak value:
Read Antenna Cable Preamp . Over
Frequency Level Limit Line S o
(MH2) Level Factor Loss Factor (dBuV/m) | (dBuV/m) Limit Polarization
(dBuv) (dB/m) (dB) (dB) (dB)
2483.50 45.27 27.36 3.68 36.33 39.98 74.00 -34.02 Horizontal
2500.00 42.73 27.40 3.68 36.37 37.44 74.00 -36.56 Horizontal
2483.50 42.07 27.36 3.68 36.33 36.78 74.00 -37.22 Vertical
2500.00 42.48 27.40 3.68 36.37 37.19 74.00 -36.81 Vertical
Average value:
Read Antenna Cable Preamp N Over
Frequency Level Limit Line L o
(MH2) Level Factor Loss Factor (dBuv/m) | (dBuv/m) Limit Polarization
(dBuVv) (dB/m) (dB) (dB) (dB)
2483.50 29.15 27.36 3.68 36.33 23.86 54.00 -30.14 Horizontal
2500.00 29.05 27.40 3.68 36.37 23.76 54.00 -30.24 Horizontal
2483.50 29.24 27.36 3.68 36.33 23.95 54.00 -30.05 Vertical
2500.00 29.16 27.40 3.68 36.37 23.87 54.00 -30.13 Vertical
Remark:

1. Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor
2. The emission levels of other frequencies are very lower than the limit and not show in test report.
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7.9 Spurious Emission

Report No.: GTS201807000081F01

7.9.1 Conducted Emission Method

Test Requirement:

FCC Partl5 C Section 15.247 (d)

Test Method:

ANSI C63.10:2013 and KDB558074 D01 Meas Guidance V04

Limit:

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 setup:

Spectrum Analyzer

o e |
Aw | oo3

ooQO
— o e |

(==Y E.U.T

Non-Conducted Table

Ground Reference Plane

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass
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Test channel: Lowest channel

Avg Type: Log-Far
¥ Teig: FreeRun AvgiHold: 20400
Eatten: 30 cB

Display Line 1 -26.61 dBm
.

Start 30 MHz - Stop 25.00 GHz
wRes BIW 100 kHz #VEW 300 kHZ prs)

2402 GHz| 6,606 dBm |
24,828 GHz | =380 /9 abm |

30MHz~25GHz

Test channel: Middle channel

isplay e 1-27.59d A3 Type: Log-Far
Display Line 1 -27.58 dBm — Mt g

3 Stop 25.00 GHz
Res BW 100 kHz HVEIW 300 kHZ A5 DisplayLines»

30MHz~25GHz

Test channel: Highest channel

play a 1-29, 4 Avg Type: Log-Far
Dplay oot 2o iscn Fabadi s

5,161 dBm |
rz1aoHm|

30MHz~25GHz
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7.9.2 Radiated Emission Method

Test Requirement: FCC Partl5 C Section 15.209
Test Method: ANSI C63.10:2013
Test Frequency Range: 9kHz to 25GHz
Test site: Measurement Distance: 3m
Receiver setup: Frequency Detector RBW VBW Value
9KHz-150KHz Quasi-peak 200Hz 600Hz Quasi-peak
150KHz-30MHz Quasi-peak 9KHz 30KHz Quasi-peak
30MHz-1GHz Quasi-peak | 100KHz | 300KHz | Quasi-peak
Peak 1MHz 3MHz Peak
Above 1GHz
Peak 1MHz 10Hz Average
Limit Frequency Limit (uVv/m) Value Melgissttjgﬁ?eent
0.009MHz-0.490MHz | 2400/F(KHz) QP 300m
0.490MHz-1.705MHz | 24000/F(KHz) QP 300m
1.705MHz-30MHz 30 QP 30m
30MHz-88MHz 100 QP
88MHz-216MHz 150 QP
216MHz-960MHz 200 QP am
960MHz-1GHz 500 QP
Above 1GHz >00 Average
5000 Peak
Test setup: Below 30MHz
Turntable ‘__ im ,
EUT| g—
08m 1 Test
u I I / Receiver
Ground Plane A C;axial Cable /
Below 1GHz
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] - ¥ i
Qrmm s e »
Test Antenna«

o~

:1m .. d4m >¢ )

< 80cm > :

L

nH

Receiver H Preamplifiers }/

Above 1GHz

Test Antennas«

< lm

Tum Table - ez
' %

<150cm >

AAOBIOPINNK

[ ReceirervH Preamplifiers

Test Procedure:

The EUT was placed on the top of a rotating table (0.8m for below 1G
and 1.5m for above 1G) above the ground at a 3 meter camber. The
table was rotated 360 degrees to determine the position of the highest
radiation.

. The EUT was set 3 meters away from the interference-receiving

antenna, which was mounted on the top of a variable-height antenna
tower.

. The antenna height is varied from one meter to four meters above the

ground to determine the maximum value of the field strength. Both
horizontal and vertical polarizations of the antenna are set to make the
measurement.

. For each suspected emission, the EUT was arranged to its worst case

and then the antenna was tuned to heights from 1 meter to 4 meters
and the rota table was turned from O degrees to 360 degrees to find the
maximum reading.

. The test-receiver system was set to Peak Detect Function and

Specified Bandwidth with Maximum Hold Mode.

. If the emission level of the EUT in peak mode was 10dB lower than the

limit specified, then testing could be stopped and the peak values of the
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EUT would be reported. Otherwise the emissions that did not have
10dB margin would be re-tested one by one using peak, quasi-peak or
average method as specified and then reported in a data sheet.

Test Instruments:

Refer to section 6.0 for details

Test mode:

Refer to section 5.2 for details

Test results:

Pass

Measurement data:

Remark:

1. Pre-scan all kind of the place mode (X-axis, Y-axis, Z-axis), and found the Y-axis which it is worse case.

B 9kHz~30MHz

The low frequency, which started from 9 kHz to 30 MHz, was pre-scanned and the result which was 20 dB

lower than the limit line per 15.31(0) was not reported.
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B Below 1GHz

Mode: Transmitting mode Test by: Jason
Temp./Hum.(%H):  26°C/56%RH Polarziation: Horizontal
Data: 5
auLEVEl (dBuVim)
70
80
FCC| PART15C PEAK |
50 | - 6B
|
a1 RN N
_30 . — 4 ‘ ........... ﬁ
N T Y AT huw WWWWM": . LW““ ___ ___________
WMMﬁMM“ _________ |

730 100. 200. 300. 400. 500. 600. 700. 800. 900. 1000

Frequency (MHz)
Freq Reading Antenna Cable Preamp Limit Over
level factor loss factor level level limit Remark
MHz dBuV dB/m dB dB dBuV dBuV/m dB

167.740 44,98 13.43
312.270  49.36 13.13
359.800  50.38 14. 04
438.370 42862 15.45
553.800  39.50 17. 52
923.370 32,93 21. 84

.53 32.52 28. 42 43.50 -15.08 @p
52 32.51 33.50 46. 00 -12.50 @p
86 32.49 35.79 46. 00 -10.21 @p
22 32.50 29.79 46. 00 -16.21 QP
75 32.63 29. 14 46. 00 -16.86 QP
44 32.07 29. 14 46. 00 -16.86 QP

O o
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Mode: Transmitting mode Test by: Jason
Temp./Hum.(%H): 26°C/56%RH Polarziation: Vertical
Data: 6
anLeveI_[dEqu_]
T0¢
60
FCQ PART1 SC PEAK |
501 i immmgggt
|
4“ | | I
I

1"."?d.'l 100. 200. 300. 400. 500. 600. 700. 800. 900. 1000

Frequency (MHz)
Freq Reading Antenna Cable Preamp Limit Over
level factor loss factor level level limit Remark
MHz dBuV dB/m dB dB dBuV dBuV,/m dB

1687. 740  48.70 13. 43
359.800 4Z.48 14.04
504.330  40.38 16. 58
551.860  38.97 17. 49
677.960  35.34 19. 41
808.910 34.22 20. 88

.93 32. 52 32.14 43. 50 -11.36 QP
.86 32.49 27.89 46. 00 -18.11 @p
.5l 32.56 28.91 46. 00 -17.09 QP
.73 32.63 28.56 46. 00 -17.44 QP
.40 32.76 27.39 46. 00 -18.61 QP
.10 32.60 28. 60 46. 00 -17.40 QP

[ e ) T ER T B )
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B Above 1GHz

Report No.: GTS201807000081F01

‘ Test channel: ‘ Lowest
Peak value:
Frequenc Read Antenna Cable Preamp Level Limit Line Over
(lsle) y Level Factor Loss Factor (dBuV/m) (dBuV/m) Limit Polarization
(dBuV) (dB/m) (dB) (dB) (dB)
4804.00 48.12 31.23 5.45 36.27 48.53 74.00 -25.47 Vertical
7206.00 42.38 35.87 6.94 34.25 50.94 74.00 -23.06 Vertical
9608.00 42.97 37.79 7.77 34.13 54.40 74.00 -19.60 Vertical
12010.00 * 74.00 * Vertical
14412.00 * 74.00 * Vertical
4804.00 47.47 31.23 5.45 36.27 47.88 74.00 -26.12 Horizontal
7206.00 44.06 35.87 6.94 34.25 52.62 74.00 -21.38 Horizontal
9608.00 42.14 37.79 7.77 34.13 53.57 74.00 -20.43 Horizontal
12010.00 * 74.00 * Horizontal
14412.00 * 74.00 * Horizontal
Average value:
Read Antenna Cable Preamp Lo Over
Frequency Level Limit Line L o
(MH2) Level Factor Loss Factor (dBuV/m) (dBuv/m) Limit Polarization
(dBuVv) (dB/m) (dB) (dB) (dB)
4804.00 38.41 31.23 5.45 36.27 38.82 54.00 -15.18 Vertical
7206.00 30.92 35.87 6.94 34.25 39.48 54.00 -14.52 Vertical
9608.00 30.46 37.79 7.77 34.13 41.89 54.00 -12.11 Vertical
12010.00 * 54.00 * Vertical
14412.00 * 54.00 * Vertical
4804.00 36.73 31.23 5.45 36.27 37.14 54.00 -16.86 Horizontal
7206.00 33.84 35.87 6.94 34.25 42.40 54.00 -11.60 Horizontal
9608.00 28.94 37.79 7.77 34.13 40.37 54.00 -13.63 Horizontal
12010.00 * 54.00 * Horizontal
14412.00 * 54.00 * Horizontal
Remark:

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.
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‘ Test channel: ‘ Middle
Peak value:
Frequenc Read Antenna Cable Preamp Level Limit Line Over
(l\(jIHz) y Level Factor Loss Factor (dBuV/m) (dBuV/m) Limit Polarization
(dBuv) (dB/m) (dB) (dB) (dB)
4882.00 46.98 31.42 5.40 36.24 47.56 74.00 -26.44 Vertical
7323.00 43.17 36.14 7.28 34.36 52.23 74.00 -21.77 Vertical
9764.00 41.67 38.08 7.98 34.20 53.53 74.00 -20.47 Vertical
12205.00 * 74.00 * Vertical
14646.00 * 74.00 * Vertical
4882.00 47.55 31.42 5.40 36.24 48.13 74.00 -25.87 Horizontal
7323.00 44.62 36.14 7.28 34.36 53.68 74.00 -20.32 Horizontal
9764.00 41.71 38.08 7.98 34.20 53.57 74.00 -20.43 Horizontal
12205.00 * 74.00 * Horizontal
14646.00 * 74.00 * Horizontal
Average value:
Read Antenna Cable Preamp . Over
Frequency Level Limit Line o o
(MH2) Level Factor Loss Factor (dBuV/m) (dBuV/m) Limit Polarization
(dBuv) (dB/m) (dB) (dB) (dB)
4882.00 38.15 31.42 5.40 36.24 38.73 54.00 -15.27 Vertical
7323.00 31.31 36.14 7.28 34.36 40.37 54.00 -13.63 Vertical
9764.00 29.85 38.08 7.98 34.20 41.71 54.00 -12.29 Vertical
12205.00 * 54.00 * Vertical
14646.00 * 54.00 * Vertical
4882.00 37.28 31.42 5.40 36.24 37.86 54.00 -16.14 Horizontal
7323.00 35.25 36.14 7.28 34.36 44 .31 54.00 -9.69 Horizontal
9764.00 28.78 38.08 7.98 34.20 40.64 54.00 -13.36 Horizontal
12205.00 * 54.00 * Horizontal
14646.00 * 54.00 * Horizontal
Remark:

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.
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‘ Test channel: ‘ Highest
Peak value:
Frequenc Read Antenna Cable Preamp Level Limit Line Over
(l\(jIHz) y Level Factor Loss Factor (dBuV/m) (dBuV/m) Limit Polarization
(dBuv) (dB/m) (dB) (dB) (dB)
4960.00 44.36 31.60 5.36 36.21 45.11 74.00 -28.89 Vertical
7440.00 41.53 36.41 7.44 34.47 50.91 74.00 -23.09 Vertical
9920.00 42.15 38.36 8.05 34.26 54.30 74.00 -19.70 Vertical
12400.00 * 74.00 * Vertical
14880.00 * 74.00 * Vertical
4960.00 39.13 31.60 5.36 36.21 39.88 74.00 -34.12 Horizontal
7440.00 34.10 36.41 7.44 34.47 43.48 74.00 -30.52 Horizontal
9920.00 34.72 38.36 8.05 34.26 46.87 74.00 -27.13 Horizontal
12400.00 * 74.00 * Horizontal
14880.00 * 74.00 * Horizontal
Average value:
Read Antenna Cable Preamp A Over
Frequency Level Limit Line o o
(MH2) Level Factor Loss Factor (dBuV/m) (dBuV/m) Limit Polarization
(dBuv) (dB/m) (dB) (dB) (dB)
4960.00 35.07 31.60 5.36 36.21 35.82 54.00 -18.18 Vertical
7440.00 29.90 36.41 7.44 34.47 39.28 54.00 -14.72 Vertical
9920.00 30.34 38.36 8.05 34.26 42.49 54.00 -11.51 Vertical
12400.00 * 54.00 * Vertical
14880.00 * 54.00 * Vertical
4960.00 28.83 31.60 5.36 36.21 29.58 54.00 -24.42 Horizontal
7440.00 22.83 36.41 7.44 34.47 32.21 54.00 -21.79 Horizontal
9920.00 20.77 38.36 8.05 34.26 32.92 54.00 -21.08 Horizontal
12400.00 * 54.00 * Horizontal
14880.00 * 54.00 * Horizontal
Remark:

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.
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8 Test Setup Photo
Radiated Emission
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9 EUT Constructional Details
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