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Chamber Information
« Antenna Vendor : WNC

. Test Date : 20241014 N SG 24
« Test Engineer : Lucien Hsieh
 Measurement System : SATIMO SG24-L
« Software Name : Wave Studio

« Software Version : 22.5.6

v
———
-
-
-
- o N
. -
-
L

FAST | RELIABLE | EREECTIVE

o F;-""k‘" Cacaet

el ;:"" 5=
- -

- T —

I o —-

- =4l -

X The antenna test chamber located in WNC which address is :
20 Park Avenue Il (or Yuanchiu 2nd Rd.), Hsinchu Science Park, Hsinchu 300, Taiwan
Tel : +886-3-666-7799
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Test Equipment

B Measurement System : SATIMO SG24-L Chamber

B Measurement Setup
— pattern & gain measurement
« SATIMO chamber (SG24-L)
« SATIMO program (wave studio)

» System overview
— Testitem

« antenna passive test 400MHz~9GHz
B Calibration Information

Device Type / Model Serial # Manufacture Cal. Date Cal. Until
Antenna Measurement System SG24-L HKG1669S | MVG-SATIMO | 2024-06-05 | 2025-06-04
Network Analyzer Keysight ES080B | MY59203136 Keysight 2024-06-05 | 2025-06-04
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’ Test Procedure

1. Place the device to be tested on the fixture and align it with

Probe 12

the center of the chamber. Theta = 0°
2. Connect the antenna cable to the RF connector of the Vrtioal cut

chamber. Z+ Vertical out
3. Use the SW to configure parameters (antenna name, Probed. — 2

frequency points, measurement angles, antenna dimension), i;'“ Xs

and then run the test SW (wave studio). E
4. By phifrom 0° to 360° and theta from 0° to 180° with a step

Horizontal cu

size of 3 degrees, get the 3D data, including efficiency, peak Flostonat o

gain, 2D and 3D radiation patterns.
5. This is far field test for antenna verification. [Theta - -165°
6. This is passive measurement, which means the device is off e
and not in any operating mode.
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Name and Address of The Antenna Manufacture

B WebCom Communication (Kunshan) Corporation - Kunshan Plant

B 121 Dujuan Rd., Precision Machinery Industrial Park, Kunshan City, Jiangsu Province, P.R.C
B +86-512-5761-0668

B +86-512-5761-0666
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Summary(1)

The summary of antenna performance are shown in below.
Radiation efficiency

~65% for 2.4GHz, ~60% for 5GHz, ~63% for 6GHz Wi-Fi Tri-band antennas [TB1, TB2, TB3, TB4]
~60% for 5GHz Wi-Fi 5G antennas [5G1, 5G2, 5G3, 5G4]

~60% for 6GHz Wi-Fi 6G antennas [6G1, 6G2, 6G3, 6G4]

~64% for 2.4GHz ~65% for 5GHz, ~68% for 6GHz Scanning antennas [SC1, SC2]

~58% for 2.4GHz Zigbee(Thread) antenna [Zigbee(Thread)]

~51% for L1, ~74% for L5 GPS antenna [GPS]

~55% for Ch9 UWB TWR antenna [UWB_TWR]

~4% for Ch5, ~24% for Ch9 UWB PDoA antennas [UWB2, UWB3, UWBA4]

~16% for 2.4GHz BLE array [Beaml1~Beam8]; ~26% for 2.4GHz BLE slot directional antenna [Beam9]
~23% for 2.4GHz BLE array [Omni]

Peak gain

6.4dBi for 2.4GHz, 6.3dBi for 5GHz, 9.3dBi for 6GHz Wi-Fi Tri-band antennas [TB1, TB2, TB3, TB4]
7.6dBi for 5GHz Wi-Fi 5G antennas [5G1, 5G2, 5G3, 5G4]

8.5dBi for 6GHz Wi-Fi 6G antennas [6G1, 6G2, 6G3, 6G4]

5.8dBi for 2.4GHz, 6.3dBi for 5GHz, 8.2dBi for 6GHz Scanning antennas [SC1, SC2]

6.6dBi for 2.4GHz Zigbee(Thread) antenna [Zigbee(Thread)]

2.3dBi for L1, 4.6dBi for L5 GPS antenna [GPS]

6.7dBi for Ch9 UWB TWR antenna [UWB_TWR]

-3.2dBi for Ch5, 3.4dBi for Ch9 UWB PDoA antennas [UWB2, UWB3, UWB4]

4.3dBi for 2.4GHz BLE array [Beam1~Beam8]; 3.7dBi for 2.4GHz BLE slot directional antenna [Beam9]
0.2dBi for 2.4GHz BLE array [Omni]




Summary(2)

The summary of antenna performance are shown in below.
— 3 dB Beamwidth

« 80°/84° on XZ/YZ plane for 2.4GHz, 71°/69° on XZ/YZ plane for 5GHz, 60°/59° on XZ/YZ plane for 6GHz Wi-Fi Tri-band
antennas [TB1, TB2, TB3, TB4]

 63°/61° on XZ/YZ plane for 5GHz Wi-Fi 5G antennas [5G1, 5G2, 5G3, 5G4]

« 57°/56° on XZ/YZ plane for 6GHz Wi-Fi 6G antennas [6G1, 6G2, 6G3, 6G4]

« 100°/77° on XZ/YZ plane for 2.4GHz 81°/81° on XZ/YZ plane for 5GHz, 55°/68° on XZ/YZ plane for 6GHz Scanning
antennas [SC1, SC2]

» 80°/45° on XZ/YZ plane for 2.4GHz Zigbee(Thread) antenna [Zigbee(Thread)]

« 88°/62° on XZ/YZ plane for Ch9 UWB TWR antenna [UWB_TWR]
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Antenna Placement Rruby - p3 sku-D

| 56G1/2 ™ Wiy j— TB(1-4) Dipole
sy | 5G(1-4) Patch
B DAk — - x 2
6G(1-4) Patch
SC(1-2) Dipole
GPS PIFA
1 UWB-TWR Patch
BLE Array .
Zigbee [T :N:15%Y) Patch
Thread
- Zigbee(Thread) Dipole
BLE
[Beam1~Beam8/Omni] PIFA
BLE
[Beam9] S

Antenna Plate: 246x246mm
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Peak Gain Table
Position of Peak Gain (0, ¢)

6.7 dBi 8=9°,¢=177°
Zigbee(Thread) 6.6 dBi 6=9°,¢=159°
B('é'z ?r:]rsa)y 4.3 dBi 6 =53°, ¢ = 270°
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Wi-Fi Tri-band

' ‘;T/z " YR o m Maximum VSWR B Cable Length
m— —  2.0:10n2.4GHz / 2.0:1 on 5/6GHz TB1 : 87mm
m Minimum Isolation TB2 : 95mm
- 23.2dB on 2.4GHz / 32.1dB on 5/6GHz TB3 : 389mm
BLE Array .
Zigbee . o
Thread m Average Efficiency TB4 : 381mm

- ~65%on 2.4GHz / ~60% on 5GHz / ~63% on 6GHz
m Peak Gain
—  6.4dBion 2.4GHz / 6.3dBi on 5GHz / 9.3dBi on 6GHz
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VSWR Wi-Fi Tri-band

>0
TB1 2.0 1.4 1.1
TB2 1.9 1.5 1.2
4.0 - TB3 1.6 1.3 1.2
TB4 1.6 1.3 1.0
Summary 2.0 1.4 1.0
250 |
> TB1 20 16 1.2
TB2 1.9 1.6 1.2
TB3 2.0 1.6 1.1
2.0 TB4 1.9 1.6 1.2
Summary 2.0 1.6 1.1
10 |

2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500
Frequency [MHz]

—TB1 —TB2 B3 —TB4 —
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Isolation wi-Fi Tri-band

’
TB1 TB2 -232 -242 -258
10 TB1_TB3 -31.8 -345 -36.7

TB1_TB4  -37.7 -41.4 -54.2

& 20 TB2_TB3 -28.7 -345 -40.3

= TB2_TB4 -335 -37.8 -42.2

g TB3_TB4 -260 -35.2 -57.5

g 3 N Summary -23.2 -34.6 -57.5
0 0 |/ | ‘

‘ i[ N TB1_TB2 -32.1 -37.6 -45.4

‘ M ‘ TB1_TB3 -40.8 -50.1 -79.0

50 - A TB1_TB4 -43.0 -519 -69.5

2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500

Frequency [MHz] TB2_TB3 -39.0 -49.1 -69.7

TB2 TB4 -37.1 -46.8 -66.3
—1TB1_TB2—TB1_TB3——TB1_TB4 TB3 TB4 -345 -38.9 -44.0

—T1B2_TB3—TB2_TB4—TB3_TB4 Summary -32.1 -45.8 -79.0
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Efficiency (%)

Il Normal

100%

Efficiency wi-Fi Tri-band

80%

60%

N
A

40%

=
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20%

0%
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6455

6655
6855
7055

7130

TB1 4% 70% 60 %
TB2 2% 67% 54%
TB3 66% 62% 55%
TB4 71% 63% 57%
Summary 74% 65% 54%

TB1
TB2
TB3
TB4
Summary

TB1
TB2
TB3
TB4
Summary

15

73 %
67 %
56 %
59 %
73 %

79 %
78 %
61 %
62 %
79 %

69 %
65 %
51 %
53 %
60 %

73 %
71 %
55 %
54 %
63 %

65 %
63 %
48 %
49 %
48 %

69 %
65 %
50 %
48 %
48 %

B Cable Length
TB1 : 87mm
TB2 : 95mm

TB4 : 381mm




Peak Gain Wwi-Fi Tri-band

100
| TB1 63dBi 5.0dBi 5.0a8 T CapleLength
- J// || TB2 6.2 dBi 5.5 dBi 4.2 dBi TB1:87/mm
N / TB3 5.8 dBi 5.3 dBi 4.7 dBi TB2 : 95mm
/f TB4 6.4 dBi 5.5 dBi 4.5 dBi
g 6.0 \ /_\/_,W /_j Summary 6.4 dBi 5.6 dBi 4.2 dBi -
3 RN
g .0 | NN 2N TB1 6.1 dBi 5.8 dBi 5.4 dBi
- / TB2 6.3 dBi 5.6 dBi 4.9 dBi
TB3 5.7 dBi 5.3 dBi 5.1 dBi
2.0 TB4 5.4 dBi 4.7 dBi 4.0 dBi
Summary 6.3 dBi 5.4 dBi 4.0 dBi
0.0
Frequency [MHz] TB2 9.3 dBi 7.7 dBi 6.3 dBi
TB3 9.1 dBi 7.5 dBi 5.5 dBi
—TB1 ——TB2 ——TB3 ——TB4 — _ _ _
TB4 8.2 dBi 6.3 dBi 4.9 dBi

Summary 9.3 dBi 7.3 dBi 4.9 dBi
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’ Realized Gain Pattern wi-Fi Tri-band @2.4G for Gtotal

—TB1 —TB2 —=TB3 —TB1 —TB2 —=TB3 —TB1 —TB2 —=TB3
—TB4 — Composite —TB4 — Composite —TB4 — Composite
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igbeg

theta = 30 [
F A ‘,1

A

@R\

—TB1 —TB2 —=TB3 —TB1 —TB2 —=TB3 —TB1 —TB2 —=TB3
—TB4 — Composite —TB4 — Composite —TB4 — Composite
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’ Realized Gain Pattern wi-Fi Tri-band @6G for Gtotal

—TB1 —TB2 —=TB3 —TB1 —TB2 —=TB3 —TB1 —TB2 —=TB3
—TB4 — Composite —TB4 — Composite —TB4 — Composite
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BLE Array

[ ] Confidential

Zigbee
Thread

[ ] Restricted Confidential

m Maximum VSWR

m Minimum Isolation

m Average Efficiency

2.0:1 on 5GHz

20.0dB on 5GHz

~60% on 5GHz

m Peak Gain

7.6dBi on 5GHz

Cable Length
5G1 : 167mm
5G2 : 163mm
5G3 : 263mm
5G4 : 261mm




VSWR Wi-Fi 5G

>0
5G1 1.9 1.6 1.3
5G2 2.0 1.6 1.2
4.0 5G3 2.0 1.6 1.2
5G4 2.0 1.6 1.3
Summary 2.0 1.6 1.2
S
> 3.0 —
>
2.0
< =
7
=/
1.0
5000 5500 6000

Frequency [MHz]

—5G1 —5G2 5G3 —5G4 —
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Isolation wi-Fi 5G

°
5G1 5G2 -200 -21.4 -22.9
10 5G1 5G3 -448 -55.0 -713
5G1 5G4 -44.6 -53.8 -72.4
5 0 | 5G2 5G3 -40.2 -47.7 -62.8
©
el "°§=a<<: 5G2 5G4 -449 -53.9 -71.1
5 o~ —
g 5G3_5G4 -20.8 -225 -26.1
3 30 Summary -20.0 -42.4 -72.4
40
- ML ANANAN A A na XA
5000 5500 6000

Frequency [MHZ]

—5G1_5G2—5G1_5G3—5G1_5G4
—5G2_5G3—5G2_5G4—5G3_5G4
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Efficiency wi-FisG

(37

Efficiency (%)

Q O O O NV O 0O 0O 0 W O O &
SO P LIPS DS
G G DTS PGV P PP S

Frequency [MHZz]

=——5G1 =—5G2 5G3 =—=5G4 =—

[ ]Internal Use [ ] Confidential [ | Restricted Confidential

5G1 65% 61%
5G2 66% 62%
5G3 61% 57%
5G4 62% 57%

Summary 66 % 60 %

B Cable Length

5G1 : 167mm
5G2 : 163mm
5G4 : 261mm
23

57 %
59 %
54 %
51 %
51 %




Peak Gain wi-Fi5G

100
5G1 7.2 dBi 6.6 dBi 6.2 dBi
8.0 5G2 7.6 dBi 6.9 dBi 6.2 dBi
. T " \\ 5G3 6.8 dBi 6.4 dBi 6.0 dBi
e /N T~ 5G4 7.3 dBi 6.7 dBi 6.0 dBi
— _— 459/_ \ \\\
2 6.0 \F Summary 7.6 dBi 6.7 dBi 6.0 dBi
= N
0}
'
S 40
. B Cable Length
5G1 : 167mm
2.0
5G2 : 163mm
0.0
5G4 : 261mm
%”QQ <o“<’°° %\3,0 %”00 %”vg %“’rbg %"QO <o‘°<°0 %"%Q %Q’%Q é\@ %Q’Q% <o°§’Q <o°°°’¢) <o°’qf> <o°’§>

Frequency [MHZz]

=——5G1 =—5G2 5G3 =—=5G4 =—

Il Normal [ ]Internal Use [ | Confidential [ ] Restricted Confidential 24




—5G1 —5G2 ~—5G3 —5G1 —5G2 ~—5G3 —5G1 —5G2 ~——5G3
—5G4 — Composite —5G4 — Composite —5G4 — Composite
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' 5G1/2

BLE Array

[ ] Confidential

Zigbee
Thread

[ ] Restricted Confidential

m Maximum VSWR

m Minimum Isolation

m Average Efficiency

2.0:1 on 6GHz

20.1dB on 6GHz

~60% on 6GHz

m Peak Gain

8.5dBi on 6GHz

Cable Length

6G1 :
6G2 :
6G3 :
6G4 :

106mm
93mm

347mm
331mm
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Il Normal

VSWR Wi-Fi 6G

5.0
4.0
3.0
2.0 -
ran
5800 6300 6800

Frequency [MHz]

—6G1 —6G2

[ ] Internal Use

[ ] Confidential

6G3 —6G4 —

[ ] Restricted Confidential

7300

6G1
6G2
6G3
6G4

Summary

27

20 15 11
19 16 12
20 16 10
20 16 11
20 16 10




Isolation wi-Fi 6G

’
6G1_6G2 -201 -22.8 -28.7
10 6G1_6G3 -47.8 -58.9 -86.9

6G1_6G4 -40.3 -50.2 -67.1

& 0 6G2 6G3 -43.1 -52.2 -82.4
2 s 6G2_6G4 -48.1 -57.1 -83.0
o
g 6G3 6G4 202 -232 -30.6
3 30 f g Summary -20.1 -44.1 -86.9
-40
- _l_[LM.AL_J\MA_MﬂAA.M_._A_..ﬂ

5800 6300 6800 7300

Frequency [MHZ]

—6G1_6G2—6G1_6G3—6G1_6G4
—6G2_6G3—6G2_6G4—6G3_6G4
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Efficiency wi-Fi6G

100%
6G1 73 %
0)
S0 6G2 72 %
6G3 60 %
0
/f’\/ 6G4 60 %
€0% /[ / ) Z = Summary 73 %

NN

40%

65 %
65 %
54 %
54 %
60 %

B Cable Length

6G1 : 106mm
20%
’ 6G2 : 93mm
0% .
R 0SS LDALANLER BRI 8SX
n mn mn mn n O O O O O O O U O U O N NN I~
Frequency [MHZz]
—_—5G] =—6G2 6G3 —6G4 —
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58 %
59 %
51 %
50 %
50 %




Peak Gain wi-Fi 6G

e
6G1 8.5 dBi 7.8 dBi 6.7 dBi
20 —T\\ Par~ 6G2 8.2 dBi 7.7 dBi 6.9 dBi
- 4 . . :
/_v/ 6G3 7.2 dBi 6.5 dBi 5.4 dBi
/__, /] 6G4 8.4 dBi 7.2 dBi 5.6 dBi
D 60 1/ )t Summary 8.5 dBi 7.3 dBi 5.4 dBi
§=
s
% 10 L/
S 4.0
0 B Cable Length
6G1 : 106mm
2.0
6G2 : 93mm
B2 ILo8L KRR RBREREST
n n n N N W O O O O O O W O O O I~ NN N~
Frequency [MHZz]
—6G1 —6G2 6G3 ——6G4 —
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phi=0 phi =90

4

—6G1 —6G2 ~——6G3 —6G1 —6G2 ~——6G3 —6G1 —6G2 ~——6G3
—6G4 — Composite —6G4 — Composite —6G4 — Composite
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Scanning Radio

' ‘;T/z g - &\ m Maximum VSWR B Cable Length
— —  2.0:10n2.4GHz / 2.0:1 on 5/6GHz SC1 : 141mm
m Minimum Isolation SC2 : 91mm

- 17.2dB on 2.4GHz / 36.7dB on 5/6GHz
BLE Array Zighes

Thread m Average Efficiency
; - ~64%on 2.4GHz [/ ~65% on 5GHz / ~68% on 6GHz
m Peak Gain
—  5.8dBion 2.4GHz / 6.3dBi on 5GHz / 8.2dBi on 6GHz
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5‘°|
SC1 20 16 1.2
sSc2 20 16 13

4.0 Summary 2.0 1.6 1.2
/6GHz

\ sc1 20 1.7 11

o

=30 sc2 20 15 1.0

n

> Summary 20 16 1.0

2.0 A

1.0

2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500
Frequency [MHz]

—SCl1 —SC2 —
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Isolation Scanning Radio

’
SCl1 . sC2 -17.2 -19.2 -23.3
10 /6GHz
SC1 SC2 -36.7 -450 -77.4
o -20
Z
c
je) "
E
B '30 T VA‘
-40
|
-50
2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500
Frequency [MHz]
—SC1 SC2 —
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Efficiency (%)

Il Normal

Efficiency scanning Radio

100%

80%

60%

22

40%

20%

0%

2390
2412
2432

[ ] Internal Use

2442

2462
2484
2510
5000
T 5150

5200
5320
5550

o 1w
©O© O O
O o0 o0
N n

5945
6055
6255
6455

requency [MHz]

SC1

[ ] Confidential

SC2

[ ] Restricted Confidential

6655
6855
7055

7130

SC1 68% 63% 56 %
SC2 72% 65% 61%
Summary 72% 64% 56 %
SC1 71% 65% 58%
SC2 70% 64% 59%
Summary 71% 65% 58%
SC1 72% 66% 58%
SC2 7% 70% 65%
Summary 77% 68% 58 %

B Cable Length
SC1:141mm
SC2 : 91mm

35




Peak Gain Scanning Radio

100
sc1 5.8 dBi 4.9 dBi 4.1 dBi
.o n sC2 5.8 dBi 5.5 dBi 5.2 dBi

Summary 5.8 dBi 5.2 dBi 4.1 dBi

%?/’"

SC1 6.3 dBi 5.3 dBi 4.5 dBi
SC2 5.8 dBi 4.9 dBi 4.5 dBi
Summary 6.3 dBi 5.1 dBi 4.5 dBi

6.0

4.0 N

Peak Gain (dBi)
> D
~3

<
N A

SC1 8.2 dBi 6.9 dBi 5.5 dBi
2.0
SC2 8.2 dBi 7.2 dBi 6.0 dBi
Summary 8.2 dBi 7.0 dBi 5.5 dBi
0.0
oN AN AN AN OO0 00000 W WM WM WMLWmMLWMLWmLWMmLWmO
AY33S30SiN0RAEEE3485488¢8g M Cablelength
Frequency [MHZz] SC1 : 141mm
sc1 SC2 SC2 : 91mm
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Realized Gain Pattern scanning Radio @2.4G for Gtotal

—SC1l —SC2 —SC1l —S5C2 SC1 SC2
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Realized Gain Pattern scanning Radio @5G for Gtotal

—SC1l —SC2 —SC1l —S5C2 SC1 SC2
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Realized Gain Pattern scanning Radio @6G for Gtotal

phi=0

—SC1l —SC2 —SC1l —S5C2 SC1 SC2
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Zigbee(Thread)

m Maximum VSWR B Cable Length
- 1.8:10n2.4GHz Zigbee(Thread) : 208mm
m Average Efficiency

- ~58% on 2.4GHz
BLE Array Zighes

B Thread m Peak Gain
- 6.6dBi on 2.4GHz
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5.0

Zigbee(Thread) 1.8 1.4 1.1

4.0

VSWR
w
o

2.0 ,

1.0

2000 2500 3000
Frequency [MHz]

—Zigbee(Thread) —
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Efficien CY Zigbee(Thread)

oo
Zigbee(Thread) 63% 58% 52 %
80%
B Cable Length
S 60% - o N Zigbee(Thread) : 208mm
> vl il
e L~
k5 “
o
o 40%
20%
0%

2390 2401 2412 2422 2432 2437 2442 2452 2462 2472 2484 2495 2510
Frequency [MHZz]

—7igbee(Thread) =—

Il Normal [ ]Internal Use [ | Confidential [ ] Restricted Confidential 42



Peak Gain Zigbee(Thread)

50
Zigbee(Thread) 6.6 dBi 6.3 dBi 5.5 dBi
N
N M~
6.0 A T~
/// B Cable Length

Zigbee(Thread) : 208mm

Peak Gain (dBi)
N
o

2.0

0.0

2390 2401 2412 2422 2432 2437 2442 2452 2462 2472 2484 2495 2510
Frequency [MHZz]

—7igbee(Thread) =—
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Realized Gain Pattern zigbee(Thread) @2.4G for Gtotal

—Zigbee(Thread) —Zigbee(Thread) —Zigbee(Thread)
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)

| ‘;T/z iy -_ £\ m Maximum VSWR B Cable Length
m— - 2.0:1lonll/ 20:1onl5 GPS : 208mm
m Minimum Isolation

— 39.0dBonlLl / 28.2dBon L5 / 34.0dB on 2.4G
BLE Array Zighes

Thread m Average Efficiency
> -  ~51%onll / ~74% on L5
m Peak Gain

— 2.3dBion Ll / 4.6dBion L5
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VSWR GpPs

>0
GPS 20 1.7 14
4.0 GPS 20 16 13
) N
%30
>

1.0

500 1000 1500 2000
Frequency [MHz]

—GPS —

Il Normal [ ]Internal Use [ | Confidential [ ] Restricted Confidential 46



Isolation Gps

’
GPS_TB1 -39.0 -39.9 -41.2
10 GPS_TB2 -41.8 -432 -44.2

GPS_TB3 -52.5 -549 -60.1
GPS_TB4 -454 -47.8 -495

g 20 Summary -39.0 -46.4 -60.1
[
%
3 -30 A GPS TB1 -28.2 -30.1 -34.0
GPS TB2 -29.9 -32.9 -34.8
0 GPS_TB3 -442 -459 -49.8

GPS_TB4 -43.6 -454 -485
Summary -28.2 -38.6 -49.8

[V

1000 1500 2000 2500 3000 A4AGHz Mean

Frequency [MHZ] GPS _TB1 -44.3 -49.6 -55.2
GPS _TB2 -39.9 -435 -459
GPS_TB3 -47.8 -52.7 -57.3
GPS_TB4 -34.0 -355 -37.0
Summary -34.0 -453 -57.3

-50

—GPS_TB1—GPS_TB2-—GPS_TB3
—GPS_TB4—
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Efficiency (%)

Il Normal

Efficiency cps

100%
80%
/' [ —r—
60%
ﬁ§§
L N
-
=
40%
20%
0%
I 4 N M N OO0 O o O O A < MmN O0OAN O N O
O NN MNMNMNMNMNOODOOOWM O O O NN OOO O O
D I B TR T T I B I n wmnwwmwwmwmw o o o
L B I T T O B O B T I I I I = I I = e I e R

[ ] Internal Use

Frequency [MHZz]

——GPS ——

[ ] Confidential [ | Restricted Confidential

GPS 550 51% 46 %
GPS 5% T4% T72%

B Cable Length
GPS : 208mm

48




Peak Gain cps

o0
GPS 2.3 dBi 1.9 dBi 1.2 dBi
GPS 4.6 dBi 4.5 dBi 4.5 dBi
4.0
=
2
<
©
o B Cable Length
@
8 P GPS : 208mm
2.0 /;"
L= \
N
0.0
< T NN N O N0 O 00 o < OOMmMmn 0NN O N O
SO o055 003X RRAANARB BB

Frequency [MHZz]

——GPS ——
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’ Realized Gain Pattern Gps @L5 for Gtotal

—GPS —GPS
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’ Realized Gain Pattern cps @L1 for Gtotal

—GPS —GPS
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UWB TWR

m Maximum VSWR B Cable Length
- 1.8:1onCHH9 TWR : 125mm
m Average Efficiency

- ~55% on CH 9
BLE Array Ziab
igbee

BThread m Peak Gain
- 6.7dBion CH9
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VSWR uwB_TWR

5.0

TWR 1.8 1.6 15

4.0

VSWR
w
o

: \vz—/\’ \

1.0

7500 8000 8500
Frequency [MHz]

—TWR —
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Efficiency uws_TwR

100% ,
°
TWR 60% 55% 52%
80%
S 60% ~
> o mnadiinr® B Cable Length
c
(]
G TWR : 125mm
o 40%
20%
0%
O O O O O O O O O O O O O O O o o o o
n o n O n O n O n o n O n O n O n O um
n O W N N 0 0 O «f o &N &N on o < <
N IS NN N NN IN N 00 60 60 60 060 00 o0 o0 o0 o0

Frequency [MHZz]

TWR
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Peak Galn uws TwWR

10.0
8.0
—~~ -] \
D 60 \\/A\ 7
£
©
O
w
o 4.0
o
2.0
0.0
O O O O O O O O O O O oo oo o o o o o
n OO n O n O n O Nn O Nnun O Nn O n O n O u
n W O N N 0000 OO0 OO O O 4 d N &N O n < <
N N N N N IN IN IS IS OO 0O O O 00O 00O O 00 o0 o0
Frequency [MHZz]
TWR
Il Normal [ ]Internal Use [ | Confidential [ ] Restricted Confidential

TWR 6.7 dBi 6.1 dBi 5.6 dBi

B Cable Length
TWR : 125mm
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’ Realized Gain Pattern uwsB TWR @8G for Gtotal
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UWB_PDoA

m Maximum VSWR
- 10.1:1 on Ch5/ 2.7:1 on Ch9
m Average Efficiency

—  ~4% on Ch5/~18% on Ch9
BLE Array Zigbee

B (Thread m Peak Gain
- -3.2dBi on Ch5 / 3.4dBi on Ch9

l Normal [ ]Internal Use [ | Confidential [ | Restricted Confidential



10.0

VSWR uwB_PDoA

9.0 H

"

8.0

7.0

6.0

VSWR

5.0

4.0

3.0

2.0

1.0

A

_,L.
VN

\/

6000

6500 7000 7500 8000 8500

Frequency [MHZz]

=—ywbh2 =——uwb3 uwb4 =

Il Normal [ ]Internal Use [ | Confidential [ ] Restricted Confidential

_
uwb2 101 7.6

uwb3 8.4 7.2 5.8
uwb4 9.5 8.4 6.3

Summary 10.1 7.5 4.0

1.9 1.2

uwb2 2.6
uwb3 2.8 2.1 1.4
uwb4 2.4 1.9 1.5

Summary 2.8 2.0 1.2
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Efficiency uws_PDoA

40%

uwb?2 7% 4% 3%
35% uwb3 6% 3% 2%
uwb4 7% 5% 3%
30% Summary 7% 4% 2%
- 25% o
2 L\
o 20% = ——ﬂ uwb?2 22% 19% 16%
= _\/" | uwb3 15%  12% 9%

15% Q?/\ \
/ /\ uwb4 25%  21%  18%
10% \/ Summary 25% 18% 9%
- /ﬂ \
=

6050 6250 6450 6650 6850 7050 7250 7450 7650 7850 8050 8250 8450
Frequency [MHZz]

0%

— W2 = ywb3 Uwb4 e
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Peak Galn uws_PDoA

0 uwb2 -3.2 dBi-5.5 dBi-7.6 dBi
’0 A \/_ uwb3 -4.1 dBi-7.0 dBi-9.2 dBi
uwb4 -3.6 dBi-6.2 dBi-8.6 dBi

0.0 | L\Vﬁ\\’/\/ Summary -3.2 dBi-6.2 dBi-9.2 dBi
| 3.4 dBi 2.2 dBi 1.2 dBi

20 / uwb?2
uwb3
-4.0
/ \ uwb4
6.0 /\,/ Summary
M/
-8.0 \/Y/V
-10.0
6050 6250 6450 6650 6850 7050 7250 7450 7650 7850 8050 8250 8450
Frequency [MHZz]

Peak Gain (dBi)

— W2 = ywb3 Uwb4 e
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0.7 dBi -0.3 dBi-0.7 dBi
3.1 dBi 2.6 dBi 1.8 dBi
3.4 dBi 1.5 dBi -0.7 dBi




' Realized Gain Pattern uws_PDoA @6500MHz for Gtotal

phi=0 phi =90 theta = 60

=—ywb2 e=——uwb3 -——uwb4 =—wb2 e=——uwb3 -——uwb4 =—ywb2 e=——uwb3 -——uwb4
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' Realized Gain Pattern uwB PDoA @8000MHz for Gtotal

phi=0 phi =90 theta = 60

=—ywbh2 =——uwb3 uwb4 =—ywhb2 =——uwb3 uwb4 =—whb2 =——uwb3 uwb4
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Isolation among Radio

oA = Wi-Fi 5G to Wi-Fi Tri-Band
— —  46.2dB on 2.4GHz / 30.2dB on 5-7GHz

m  Wi-Fi 6G to Wi-Fi Tri-Band
—  40.0dB on 2.4GHz / 31.3dB on 5-7GHz

s = Wi-Fi 6G to Wi-Fi 5G
- —  38.7dB on 5-7GHz
m UWB_TWR to Wi-Fi Radio
—  33.0dB on 5GHz / 33.6dB on 6GHz / 40.0dB on Ch9

BLE Array
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Isolation Wwi-Fi Tri-band to Wi-Fi 5G / Wi-Fi Tri-Band to Wi-Fi 6G

-10 -10
) )
S 20 S 20
c c
i) ©
S S
S -30 S -30
1) i)

-40 -40

A}
m&ﬂmﬂﬂ'\m " O L,

2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000

o A

2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000

Il Normal

[ ] Internal Use

Frequency [MHz]

—TB1_5G1—TB1 5G2—TB1 5G3
—TB1_5G4—TB2_5G1—TB2_5G2
—TB2_5G3—TB2_5G4—TB3_5G1

Frequency [MHz]

—TB1 6G1—TB1_6G2—TB1_6G3
—TB1 6G4—TB2_6G1—TB2_6G2
—TB2_6G3—TB2_6G4—TB3_6G1

—TB3 5G2-——TB3_5G3—TB3_5G4 —TB3_6G2-——TB3_6G3—TB3_6G4
—TB4 5G1—TB4_5G2—TB4_5G3 —TB4 6G1  TB4_6G2—TB4_6G3
TB4_5G4— TB4_6G4—

> Wi-Fi Tri-Band to Wi-Fi 5G

[ ] Confidential [ ] Restricted Confidential
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> Wi-Fi Tri-Band to Wi-Fi 6G




-10

-20

Isolation (dB)

-30

-40

SOLW"‘MW a1,

5000 5500 6000 6500 7000 7500
Frequency [MHz]

—5G1_6G1—5G1 6G2—5G1 6G3
—5G1_6G4—5G2_6G1—5G2_6G2
—5G2_6G3—5G2_6G4——5G3_6G1
—5G3_6G2-5G3_6G3—5G3_6G4
—5G4_6G1l— 5G4 _6G2—5G4 6G3
5G4 _6G4—

» Wi-Fi 5G to Wi-Fi 6G
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8000
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Isolation (dB)

-10

-20

-30

-50

Isolation wi-Fi 5G to Wi-Fi 6G / UWB_TWR to Wi-Fi Radio

5000 5500 6000 6500 7000 7500 8000 8500
Frequency [MHz]

—TWR_5G1—TWR_5G2—TWR_5G3
—TWR_5G4—TWR_6G1—TWR_6G2
—TWR_6G3—TWR_6G4—TWR_TB1
—TWR_TB2 —TWR_TB3—TWR_TB4

» UWB_TWR to Wi-Fi Radio




BLE Array — Directional Beam [P3 Sku-D Sample]

m Efficiency
—  ~15% on 2.4GHz [Beam1~Beam§8]
—  ~27% on 2.4GHz [Beam9]

m Peak Gain

—  4.3dBi on 2.4GHz [Beam1~Beam8]
— 3.7dBi on 2.4GHz [Beam9]

m Beam Width
—  ~46° on 2.4GHz [Beam1~Beam§]
m Front to Back Ratio
~11.8dB on 2.4GHz [Beam1~Beani§

BLE Array

l Normal [ ]Internal Use [ | Confidential [ | Restricted Confidential



VSWR Directional Beam — P3 Sku-D Sample

50
Beam 1 2.0 1.7 1.3
4.0 —] Beam 2 1.9 1.6 1.3
\..-4
Beam 3 2.0 1.7 1.4
x
; 30 Beam 4 2.0 1.7 1.4
n
> Beam 5 2.0 1.7 1.4
Beam 6 2.0 1.7 1.4
2.0 . i
] Beam 7 2.0 1.7 1.4
Beam 8 2.0 1.7 1.3
1.0
Beam 9 2.0 1.9 1.8
2 21 22 23 24 25 26 27 28 29 3
Frequency (GHz)
—Beaml —Beam?2 —Beam3 ——Beam4 ——Beam5b
—Beam6 ——Beam7 ——Beam8 Beam9 —
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100%

90%

80%

70%

60%

50%

Efficiency

40%

30%

20% = ! N

10%

0%

22 225 23 235 24 245 25 255 26 265 27

Frequency (GHz)
—Beaml —Beam2 ——Beam3 —Beam4 ——Beamb
—Beam6 ——Beam7 ——Beam8 Beam9 —
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Efficiency birectional Beam — P3 Sku-D Sample

Beam 1

Beam 2

Beam 3

Beam 4

Beam 5

Beam 6

Beam 7

Beam 8

Beam 9

68

15%

16 %

17 %

15%

17 %

17 %

17 %

16 %

32 %

14 %

14 %

16 %

14 %

16 %

15 %

16 %

15 %

27 %

13 %

12 %

14 %

13 %

14 %

14 %

15 %

14 %

24 %




8.0

6.0

B
o

Peak Gain (dBi)
N
o

o
o

= =

-2.0
-4.0
22 225 23 235 24 245 25 255 26 265 2.7
Frequency (GHz)
—Beaml —Beam2 —Beam3 ——Beam4
—Beam6 ——Beam7 ——Beam8 Beam9
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— Beam5

Peak Gain Directional Beam — P3 Sku-D Sample

Beam 1

Beam 2

Beam 3

Beam 4

Beam 5

Beam 6

Beam 7

Beam 8

Beam 9

69

3.4 dBi

3.6 dBi

3.7 dBi

2.9 dBi

4.3 dBi

4.2 dBi

4.0 dBi

3.4 dBi

3.7 dBi

2.9 dBi

3.1dBi

3.2 dBi

2.6 dBi

3.9 dBi

3.7 dBi

3.6 dBi

3.3 dBi

2.8 dBi

2.3 dBi

2.2 dBi

2.5 dBi

2.3 dBi

3.2 dBi

2.9 dBi

3.0 dBi

3.1dBi

2.4 dBi




3dB Beam Width Directional Beam — P3 Sku-D Sample

theta = 60°
90 )
|
80
Beam 1 51 49 45
70
Beam 2 45 42 39
__60
o Beam 3 53 53 51
[45)
o 90 N
‘;’ - ; Beam 4 39 38 37
40 =
E Beam 5 51 51 51
L 30
Beam 6 45 41 39
20
Beam 7 53 51 48
10
Beam 8 45 43 42
0
22 225 23 235 24 245 25 255 26 265 2.7 Summary o3 46 37
Frequency (GHz)
-—Beaml -—Beam2 -—Beam3 —Beam4 —
—Beam5 —Beam6 ——Beam7 ——Beam8
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40

F/B Ratio (dB)
= N N w w
(6] o (6)] o a1

[N
o

0

theta = 60°

=

22 225 23 235 24 245 25 255 26 265 27

Frequency (GHz)
—Beaml —Beam?2 —Beam3 —Beam4 —
—Beam5 ——Beam6 ——Beam7 -——Beam8
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Beam 1
Beam 2 14.5
Beam 3 11.1
Beam 4 12.1
Beam 5 15.3
Beam 6 141
Beam 7 14.7
Beam 8 12.2
Summary 15.3
71

11.8

9.7

11.6

13.8

13.2

12.1

11.6

11.8

Front to Back Ratio pirectional Beam — P3 Sku-D Sample

12.9 10.9 8.3

9.1

8.5

11.2

10.7

10.7

9.3

10.5

8.3




Realized Gain Pattern
Directional Beam 1-8 — P3 Sku-D Sample @2400MHz for G,

phi=0 phi =90 theta = 60

Unit: dBI
—Beaml —Beam?2 ——Beam3——Beam4 —Beaml——Beam?2 ——Beam3——Beam4 —Beaml——Beam?2 ——Beam3——Beam4
—Beam5 ——Beam6 —Beam7 —Beam8 —Beamb —Beamb6 —Beam7 —Beam8 —Beamb5 —Beam6—Beam7 —Beam8
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Realized Gain Pattern
Directional Beam 1-8 — P3 Sku-D Sample @2440MHz for G,

phi=0 phi =90 theta = 60

Unit: dBI
—Beaml —Beam?2 ——Beam3——Beam4 —Beaml——Beam?2 ——Beam3——Beam4 —Beaml——Beam?2 ——Beam3——Beam4
—Beam5 ——Beam6 —Beam7 —Beam8 —Beamb —Beamb6 —Beam7 —Beam8 —Beamb5 —Beam6—Beam7 —Beam8
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’ Realized Gain Pattern
Directional Beam 1-8 — P3 Sku-D Sample @2480MHz for G,

phi=0 phi =90 theta = 60
Y

2

0
3

Unit: dBI
—Beaml —Beam?2 ——Beam3——Beam4 —Beaml——Beam?2 ——Beam3——Beam4 —Beaml——Beam?2 ——Beam3——Beam4
—Beam5 ——Beam6 —Beam7 —Beam8 —Beamb —Beamb6 —Beam7 —Beam8 —Beamb5 —Beam6—Beam7 —Beam8
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’ Realized Gain Pattern
Directional Beam 9 — P3 Sku-D Sample @2400MHz for Gtotal

phi=0 phi =90 theta = 60

Il Normal [ ]Internal Use [ | Confidential [ ] Restricted Confidential 75



’ Realized Gain Pattern
Directional Beam 9 — P3 Sku-D Sample @2440MHz for Gtotal

phi=0 phi =90 theta = 60

——Beam9 ———Beam9
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’ Realized Gain Pattern
Directional Beam 9 — P3 Sku-D Sample @2480MHz for Gtotal

phi=0 phi =90 theta = 60
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BLE Array — Omni Beam [P3 Sku-D Sample]

m Maximum VSWR
—  150n2.4GHz
. m Efficiency
; - ~20% on 2.4GHz
m Peak Gain
— 0.2dBion 2.4GHz

BLE Array
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VSWR oOmni Beam - P3 Sku-D Sample

5.0 '
15 1.3 1.1

Omni

4.0 \
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w
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/

1.0
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Frequency (GHz)

—Omni
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Il Normal
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Frequency (GHz)
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Efficiency omni Beam - P3 Sku-D Sample

Omni

80

20 %

20 %

18 %




8.0

6.0

B
o

Peak Gain (dBi)
= N
o o

N

-2.0

\

-4.0

22 225 23 235 24 245 25 255 26 265 2.7

Frequency (GHz)

—Omni
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Peak Galn omni Beam - P3 Sku-D Sample

Omni

81

0.2 dBi

0.1 dBi

0.0 dBi




’ Realized Gain Pattern
Omni Beam — P3 Sku-D Sample @2440MHz for G,

phi=0 phi =90 theta = 60

Unit: dBi

e Omni e 0mni = 0mni
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