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Introduction Airgain) ) )

Airgain proposes an embedded antenna solution for Askey_CCO_WIFI7 with LTE
©  The antenna solution is updated based upon the latest 3D machine by September 6th, 2024 ;

The solution for this device is as follows:
©  1pcs IOT Antennas
» ANT1 (2400MHz-2500MHz)
4pcs 2.4G+5G dual band Antennas
ANT2 (2400MHz-2500MHz - 5150MHz-5850MHz)
ANT3 (2400MHz-2500MHz + 5150MHz-5850MHz)
ANT4 (2400MHz-2500MHz + 5150MHz-5850MHz)
» ANTS (2400MHz-2500MHz + 5150MHz-5850MHz)
©  4pcs 66 signal band Antennas
ANT6 ( 5925MHz-7125MHz )
ANT7 ( 5925MHz-7125MHz )
ANTS ( 5925MHz-7125MHz )
» ANT9 (5925MHz-7125MHz )
©  4pcs LTE Antennas
ANT10 ( 61 . . )
ANT11 ( 61 . .
ANT12 ( 1695MHz2-2690MHz - 3300MHz-4200MHz )
ANT13 ( 1695MHz2-2690MHz - 3300MHz-4200MHz )

o

Measurements taken every 3°




Antenna Specification

Airgain) ) )

Antenna (total 13 pcs) U Ba/a/s/12/13/34125/30/66/7 /8 L8 Main T/ PRX
" LTESGNR st (4 s ANT10-39) ke G5 amnt (o win AT 1) 617894 B5/B12/B13/814/829/871
mloss LB < -4dB i nS/n12/n14/n71
e S R
and < 0.25 on igh Rx bands (over 1500 Wz) 16952690 82/84/830/866/841
i e P
Isdlln between LTE ME anionnas < 13 8 rorey [ UHB Secondary TX / DRX
o bt LTE S amnas <208 = o 330071200 i nainty
# 107 tenn e T ) s
Return loss 2.46 <1008 e LB DRX
T roded offcency: 5% e 617894 85/812/813/814/825/871
Iscaion between aniennas > 2048 o e 12/n14/n71
& WiFi 26856 antenna (4 s, dual band, ANT2~5) o Sich e
Retur oss 2.46 <1005 5 <1248 MLBMB HB MIMO PRX
Tota racated efficncy : 70 ANT 11| 16952690 52/84/530/866/B41
Endoe coron s vetnen s <
an between 24G antanas > 2038, 5G amennas > 2508 sy
o i SGanlzrma (4 pos,cual band, ANTS ~5) -
s 66 <1208 Support 330074200 848 nag/n77
g:;;gag;';ﬁ"w ~85%) antomnas <025 | ANT 1] 240072500 (101 155971606 GNSS L1
Isdation botween antoanas > 2508 ANt 2 200072500 | crrc MLB MB HB DRX
51505850 | C36-Cles | | ANT 12| 169572690 82/84/830/866/B41
q Support 20072500 | cimcii
ANT -
ANTG6| 592577125 | cica3s 515075850 | C36-C165 330074200 MLB‘:::’B"?O v:x Mri ';‘::{ :,.7; o
~ ¥ - econdary
ANT7 soasrazs | crcass | [ o1 a00as0 | e 16952690 gyl
ANTS| s925-7125 | cicass 51505850 | C36°C165 | | anT 13
ANTS| 92577125 | crcss 20002500 | crcu UHB MainTX / PRX
ANTS -
515075850 | C36-C165 330074200 848 nag/n77




Airgain’) ) )

ANTS_Duat b s, ol ed
;

ANT9_6GHz LR180U FR, Cable fed

FR4, Cable fed
ANT11_LTE R FR4, Cablo fed
ANT12_LTE . ¢ FR4, Cable fed
ANTHSITE NGGAKCGP-PK1-LP160u4L | FRd. Cable fed




S-Parameter — Return Loss for IOT Antenna

Airgain’) ) )

[dB] tyune
[MARKERS: _MHz a8
ALS1P - S11
1:2400 -16.27
2:2500 -14.33

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




S-Parameter — Return Loss for Dual-band AntennasAirgain‘ ) ) )

d8] e
[MARKERS MHz. dB MHz dB
A2.S1P - S11
1:2400 -15.68 3:5150 -16.27
2:2500 -18.99 4: 5850 -22.61
A3.S1P - S11
1:2400 1439 3:5150 -23.75
i 212500 1212 45850 3922
A4SITP-S11
-18] ———— 1: 2400 -20.36 3:5150 -18.11
2:2500 -13.68 4:5850 -23.71
A5STP-Si1
29
12400 1463 3:5150 -17.02
22500 2622 415850 2303
25
EY
I |

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




S-Parameter — Return Loss for 6GHz Antennas  Airgain’) ) )

[dB] tyune

[MARKERS: _MHz a8
A6-A7-AB-AD.54P - S11

1:5925 -12.64
2: 7125 -14.59

A6-A7-AB-AD.S4P - 522

1: 5925 -15.95
2:7125 -24.33

A6-A7-AB-A9.54P - 533

1:5925 -12.47
2: 7125 -14.30

A6-A7-AB-A9.S4P - 544

1: 5925 -17.93
2:7125 -33.63

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




S-Parameter — Return Loss for LTE Antennas Airgain‘ ) ) )

[d8] sty
MARKERS: MHz B MHZ & MHE iy
A1051P - 511
1:617 -14.10 3:1695 -10.19 5:3300 -7.29
2:894 -11.15 4: 2690 -18.07 6:4200 -9.98
A1LSTP- 511
1:617 -7.58 3:1695 -13.66 53300 -15.30
2:894 -12.64 412690 -10.22 6:4200 -12.49

Hz
600 1340 2080 2820 3560 4300 5040 5780 6520 7260 8000




S-Parameter — Return Loss for LTE Antennas  Airgain’) ) )

[dB] Atyune
[MARKERS: _MHz 8 Tz B
A12.51P - 511
1:1695 -13.57 3:3300 -18.66
2:2690 -14.90 4: 4200 -11.92
A13.51P - 511
1:1695 -16.13 3:3300 -12.65
212690 -9.43 4:4200 -9.47

[MHz
600 1340 2080 2820 3560 4300 5040 5780 6520 7260 8000




S-Parameter — Isolation for 10T to other Antennas  Airgain’) ) )

[dB] Aayune

-10

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




S-Parameter — Isolation for I0T to other Antennas(The Worst)  Airgain’) ) )

[dB] Atyune

1200 2286 30 928 55925 310
22500 983 w0 7 & 7z ous

-20)
-30

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




S-Parameter — Isolation for Dual-band Antennas  Airgain’) ) )

[¢8] yun
[MARKERS: _MHz 8 Tz B
A2-A3.52P - 521
1:2400 -20.74 3:5150 -22.30
2:2500 -20.47 4:5850 -20.39
-19 A2-A4.52P - 521
1:2400 -40.75 3: 5150 -30.73
212500 -29.47 4: 5850 -37.40
A2-A5.52P - 521
1:2400 -21.82 3: 5150 -26.37
2:2500 -20.17 4: 5850 -40.12
A3-A4.52P - 521
1:2400 -21.22 3:5150 -24.71
2:2500 -20.93 4:5850 -26.50
A3-A5.52P - 521
1:2400 -21.56 3: 5150 -20.86
2: 2500 -22.00 4: 5850 -23.79

A4-A5.52P - 521

[tz 1:2400 -23.78 3: 5150 -26.07
2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 33500 2331 48980 aa16




S-Parameter — Isolation for 6GHz Antennas

[dB] tyune

Airgain’) ) )

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

[MARKERS: _MHz

A6-A7.52P - 521

1:5925
2: 7125

A6-AB.52P - 521

1: 5925
2:7125

2014
-24.09

-34.93
-31.43

A6-A9.52P - 521

A7-AB.52P - 521

AB-A9.52P -

1:5925 -33.
2: 7125 -33.

-29.93
-37.45

A7-A9.52P -

-20.70
-21.58




S-Parameter — Isolation for Dual-band to 6GHz Antennas Airgain‘ ) ) )

[d8] styune

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




S-Parameter — Isolation for Dual-band to 6GHz Antennas (The Worst) Airgain‘ )) )

[d8] styune
o m—y o — fz—n
he-Aos2P-S21

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




S-Parameter — Isolation for LTE Antennas Airgain) ) )

[d8] sty
MARKERS: MHz B MHZ & MHE iy
AL0-ALI-AI2-AL3.54P - 512

1:617 -13.71 22,07
2894 -17. 0 -20.
A10-A11-AI1Z-A13.54P - 513
-19.19 -17.82 -28.93
-23.91 21,97 -33.23
AL0-ALL-AIZ-AL3.54P - S14
1:617 -34.92 3:1695 -23.24 -52.18
2:894 -26.46 412690 -26.30 -52.61
AL0-ALI-AI2-AL3.54P - 523
1617 -22.02 -16.47 5:3300 -27.89
2:894 -2957 -20.70 614200 -a2.65
AL0-AI1-AIZ-A13.54P - 524
1:617 -32.08 -28.15 -35.47
2:894 -12.77 24,32 -44.01
AL0-ALL-AIZ-AL3.54P - 534
[Mhz] " :
— EsiTaaRy 3:1695 -18.85 -25.57
600 1340 2080 2820 3560 4300 5040 5780 6520 7260 8000 2894 1973 2 2600 -19.14 3397




S-Parameter - Isolation for ANT10 to Wi-Fi Antennas  Airgain’) ) )

(081 Sy MARKERS. Wz 46 ETFE—TY ETEE—TY
AL0-AL-AZA3.S4P S13
12400 3101 35150 4240 5:5925 -43.0
2:2500 2875 413850 5146 617125 52.2
AI0ALAZA3SAP - S14
-10} 1: 24 3:5150 5433 55925 -47.2
2:2500 4070 4:3850 4471 617125 -46.7:
A10-A4-AS-AG.S4P - S12
12000 2644 35150 3734 5:5925 -a3.
2:2500 2777 413850 3640 617125 455!
A10-A4-AS-A6.54P - 13
 1:2400 2886 3:5150 4190 5:5925 -a2.0:
202500 3176 413850 40.42 617125 469
A10-A4-A5-A6.54P - S14
12400 4276 35150 3976 5:5925 -48.6
2:2500 4304 415850 4235 617125 3.0
A10-A7-A8-A9.54P - 512
o 1:2400 3888 3:5150 -44.46  5:5925 -47.2
2:2500 4146 413850 49.02 617125 4571
R10-A7-AB-AD.S4P - 513
o 12400 4228 35150 6193 5:5925 -a1a
2:2500 4668 415850 4152 617125 426

600 1340 2080 2820 3560 4300 5040 5780 6520 7260 8000 [AioA7ABADSAP-SI4

o 12400 3960 35150 6235  5:5925 -a3.
2:2500 3770 415850 4545 617125 -39.11




S-Parameter — Isolation for ANT10 to Wi-Fi Antennas (The Worst)  Airgain’) ) )

[d8] e
[FARKERS: iz Wz dB Cra—ca |
oA AR Si7 ST

12400 2644 35150 -37.34 515925 -43.1
2:2500 2777 413850 3640 617125 455!

[MHz]
600 1340 2080 2820 3560 4300 5040 5780 6520 7260 8000




S-Parameter - Isolation for ANT11 to Wi-FiAntennas  Ajrgain) ) )

48] s T —y Er— Er—
ALL-AL-AZALSHP - S13
12000 3634 3SISD 4188 55925 333
207500 3354 43850 3459 617125 -4z
AITATAZAI S - 513
-10] w0 w932 o3I das 559
207500 3969 43850 5059 6i7125
ATLAGASAGS4P - S12
12000 2819 3SISD 4000 55925 33
207500 2536 43850 3328 617125 607
ARG ASAGS4P - 513
12000 2642 3SISD I8 55925 34
207500 2716 4380 3549 6i7125 367
AT A& ASAGS4P - 514
12000 4785 3SIS0 39 55925 376
2i7500 S586 4380 3591 617125 36
ATTA7-ABAD 547 - 512
102000 4909 3SISD 4426 55925 -38.2
2i7500 3858 43850 3699 617125 63w
ATTA7-AGAD 547 - 513
102000 4101 3SISD 006 55925 -40.0
Mtz 2i7500 3835 43850 3646 617125 a7
600 1340 2080 2820 3560 4300 5040 5780 6520 7260 8000 [ATra7AsA9Sa?-S1
12000 3702 3SISD M0 55925 348
27500 3502 43850 3922 617125 62




S-Parameter — Isolation for ANT11 to Wi-Fi Antennas (The Worst) Airgain‘) ) )

[d8] e
[FARKERS: Wz dB Cra—ca |
LA ASTS Si7 ST
12400 2819 3:5150 -40.00  5:5925 -33.1
2:2500 2536 415850 33.28 617125 60.7

[MHz]
600 1340 2080 2820 3560 4300 5040 5780 6520 7260 8000




S-Parameter - Isolation for ANT12 to Wi-Fi Antennas  Airgain’) ) )

48] s T —TY Er— Er—
AL2-ALAZALSP - S13
 raa0 239 3SID ansa 55925 50
207500 3271 43850 5051 617125 395
A ATAZAIS - 513
-10] 1200 2876 351D 4265 55925 383
207500 3344 43850 3841 617125 376
AI2AGASAGSaP - S12
-20}
 r200 3103 3SID 323 55925 60
207500 2662 43850 5469 617125 a3
30| A2 A4 ASAGSAP - S13
a0 233 3SI0 883 55925 462
40| 207500 277 43850 4337 6i7125 a0
A2 AGASAGSP 514
_s0| 1200 002 3SID 4491 55925 49
207500 3363 43850 4909 617125 a9z
A2 A7ABAD 547 - 512
-89 ————— 1:2400 -28.18 3:5150 -45.77 5:5925 -45.2:
207500 3441 33850 4372 6i7125 -azm
70} A2 A7 AAD 547 - 513
120 043 3SID 6357 515925 463
Mtz 207500 3444 43850 4421 6i7125 36
600 1340 2080 2820 3560 4300 5040 5780 6520 7260 8000 [ArzaAsA9Sa?-Si
a0 w77 3SI0 3670 55925 500
207500 4528 43850 4850 6i7125 3us




[dB]

S-Parameter — Isolation for ANT12 to Wi-Fi Antennas (The Worst) Airgain‘) ) )

seyun

E [MHz]
600 1340 2080 2820 3560 4300 5040 5780 6520 7260 8000

[MARKERS: dB MHz B MHz dB |
A12-A4-AS-A6.547 - S13
12400 2332 3:5150 3883 55925 462
2:2500 2477 413850 4337 617125 401




[d8]

S-Parameter — Isolation for ANT13 to Wi-Fi Antennas

600

1340 2080

[MHz]
2820 3560 4300 5040 5780 6520 7260 8000

Airgain’) ) )

MARKERS. Wz 46 ETFE—TY ETEE—TY
AL3-ALAZA.S4P - S13

12400 293¢ 35150 3148 5:5925 387

2:2500 3011 413850 3693 617125 3.5
AI3ALAZA3SAP S14

12400 3788 3:5150 55025 415

2:2500 2875 i 5850 6:7125 3.1
A13A4ASAGSAP - S12

12400 3599 3:5150 4354 55925 -39.2

2:2500 3325 413850 3625 617125 4L7;
A13A4ASAGSAP 513

12400 3279 3:5150 4662  5:5925 -48.2

2:2500 3123 413850 4252 617125 37
A13-A4-A5-A6.S4P - S14

12400 3501 3:5150 5049 5:5925 -43.4

2:2500 35.01 413850 4320 617125 533
A13-A7-AB-A9.54P - 512

12400 3635 3:5150 4190  5:5925 -40.6

2:2500 3303 413850 3789 617125 467
R13-A7-ABADS4P - 513

12400 3685 35150 3443 55925 329

2:2500 3094 415850 3271 617125 473
A13-A7-AB-A9.S4P - 514

12400 3852 35150 3820 55925 -49.6

2:2500 3828 415650 4598 67125 -46.21




[dB]

S-Parameter — Isolation for ANT13 to Wi-Fi Antennas (The Worst) Airgain‘) ) )

savune

600

1340 2080 2820

[MHz]
3560 4300 5040 5780 6520 7260 8000

| ——cy TRy Cr—r
AL3-ALAZA3.S4P SI3
1:2400 2934 35150 3148 5:5925 387
2:2500 3011 413850 3693 617125 345




Summary Table for Antenna Return Loss Airgain’) ) )

) Max (dB)

10T A1_2G -14.33

Dual Band A2 - A5_2G -12.12
Dual Band A2 - A5_5G -15.13
6G Antenna A6 - A9_6G -12.47
LTEA10& A11_LB. 544
LTE A10- A13_MB 6.96
LTEA10- A13_HB. -10.16
LTE A10- A13_UHB -7.29

LTE A11_GNSS L1 -11.88




Summary Table for Antenna Isolation Airgain’) ) )

Frequency (MHz) Max (dB)

10T A1 & Dual Band A2-A5_2G 2057

10T A1 & Dual Band A2-A5_5G 2097

10T A1 &6G Antenna A6-A9_6G 2024

Dual Band A2 - A5_2G 2017

Dual Band A2 - A5_5G 2039

6G Antenna A - A9_6G 2014

Dual Band A2 - A5 & 6G Antenna A6 - A9_5G&6G 23.01
LTE A10- A13_LB. -9.01

LTE A10- A13_MB 1236

LTE A10-A13_HB. -14.18

LTE A10- A13_UHB 2213

Dual Band A2-A5 & LTE A10-A13_2G 2278

Dual Band A2-A5 & LTE A10-A13_5G -33.28

10T A1 & LTE A10-A13 -19.83

6G Antenna A6 - A9 & LTE A10 - A13 -28.87




Airgain) ) )

Radiated Measurements

All the test including cable loss and the typical cable loss list as follow

Atenuaton (@B/tmeter) | 1GH [<16
26tz <21
aorz <25
iorz <30
sorz <a4
6oz <a7




Antenna Peak Gain & Efficiency— 2.4 GHz |IOT Antenna

Frequency (MHz) Peak Gain (dBi) Efficiency (%)

2400
2410

2420

2470

Average

24

24

20

241

21

25

20

25

22

22

22

68.0

68.6

68.1

689

Airgain’) ) )



Antenna Realized Efficiency (%) — 2.4 GHz Wi-Fi Antennas Airgain‘) ) )

Frequency (MHz) Ant2_2G4 (%) Ant3_2G4 (%) Ant4_2G4 (%) Ant5_2G4 (%)
2400 g I .

67.2 69.8 726 735
2410 68.9 701 722 74.1
2420 68.9 69.8 70.7 725
2430 702 69.5 710 72.2
2440 722 705 75 726
2450 7.9 707 710 713
2460 714 704 70.6 70.7
2470 731 709 703 718
2480 726 710 69.9 710
2490 734 710 69.7 711
2500 724 714 69.1 .5

Average 711 704 708 72.0




Antenna Realized Efficiency (%) — 5 GHz Wi-Fi Antennas

Airgain’) ) )

Frequency (MHz) Ant2_5G (%) Ant3_5G (%) Ant4_5G (%) Ant5_5G (%)

5150
5200
5300
5400
5500
5600
5700
5800
5850

Average

705



Antenna Realized Efficiency (%) —

6 GHz Wi-Fi Antennas

Airgain’) ) )

) Ant6_6G (%) Ant7_6G (%) Ant8_6G (%) Ant9_6G (%)

5925
6000
6100
6200
6300
6400
6500
6600
6700
6800
6900
7125

Average

652
673
685
696
69.0
69.8
705
69.7
702
711
706
659
689

70.1
702
724
710
719
710
705
69.3
68.6
69.5
70.3
725
706

68.5
70.0
69.6
70.2
69.7
707
70.2
700
68.0
68.8
68.6
68.0
69.4

67.2
69.7
70.1
68.7
69.5
703
70.0
67.8
69.7
71.0
66.9
68.8



Antenna Peak Realized Gain — 2.4 GHz Wi-Fi Antennas

Airgain’) ) )

Frequency (MHz) Ant2_2G4 (dBi) Ant3_2G4 (dBi) Ant4_2G4 (dBi) Ant5_2G4 (dBi)
2400 22 il 5.1 42

2410

2420

2430

2440

2450

2460

2470

2480

2490

2500

24

24

25

28

27

29

3.0

3.2

33

34

5.0

5.0

5.1

5.1

52

52

5.2

5.1

49

47



Antenna Peak Realized Gain — 5 GHz Wi-Fi Antennas

5150

5200

5300

5400

5500

5600

5700

5800

Airgain’) ) )

5G (dBi) Ant3_5G (dBi) Ant4_5G (dBi) Ant5_5G (dBi)
38 40 53 36

3.9

40

4.0

40

44

41

4.0

42

5.2

48

43

5.3

55

57

59

58



Antenna Peak Realized Gain — 6 GHz Wi-Fi Antennas

5925
6000
6100
6200
6300
6400
6500
6600
6700
6800
6900
7125

Airgain’) ) )

6G (dBi) Ant7_6G (dBi) Ant8_6G (dBi) Ant9_6G (dBi)
40 48 42 57

46
48
44
48
48
50
48
47
48
46
53

47
4.9
45
48
46
5.
46
a7
46
a7
5.0

42
41
38
38
40
43
46
45
37
41
54

58
55
52
45
a7
48
48
49
5.0
5.4
5.0



Antenna Realized Efficiency & Peak Gain — Additional LTE Antennas Airgain‘) ) )

Frequency (MHz) Ant10_LTE (%) Ant11_LTE (%) Frequency (MHz) Ant10_LTE (dBi) | Ant11_LTE (dBi)
55.1 362 09 17

617 . 617 E
650 53.8 389 650 13 09
700 55.4 56.8 700 17 0.9
720 483 59.6 720 13 11
750 476 58.2 750 11 17
800 37.2 38.1 800 24 0.0
820 384 359 820 241 23
850 434 39.7 850 04 02
894 39.4 415 894 0.0 04

Average 462 450




Antenna Realized Efficiency (%) —

Additional LTE Antennas

Airgain’) ) )

Frequency (MHz) Ant10_LTE (%) Ant11_LTE (%) Ant12_LTE (%) Ant13_LTE (%)

1695

596

59.0
60.0
63.7
63.3
58.6
52.8
57.4
65.0
64.7
56.0
515
52.3
524
55.0
57.7
59.1
58.7
55.6
525
47.0
443
56.5



Antenna Realized Efficiency (%) — Additional LTE Antennas

) Ant10_LTE (%)
3300 444

3400
3500
3600
3700
3800
3900
4000
4100
4200

Average

498

60.4

59.2

56.6

60.3

56.9

Airgain’) ) )

_LTE (%) Ant13_LTE (%)
68.5

68.5 64.0
68.9 68.1
655 693
65.4 695
69.4 70.5
732 69.4
70.0 66.4
68.6 65.0
63.7 628
68.2 66.6



Antenna Peak Realized Gain — Additional LTE Antennas

1695
1710
1750
1800
1850
1900
1950
2000
2050
2100
2150

Airgain’) ) )

LTE (dBi) | Ant11_LTE(dBi) | Ant12 LTE(dBi) | Ant13_LTE (dBi)
20 53 23 40

22
34
33
33
37
35
34
40
47
39
34
48
54
48
5.0
56
52
55
54
52

53
50
5.0
43
32
39
63
66
55
43
36
49
55
55
5.4
46
39
37
25
16

26
24
29
25
34
38
40
31
25
27
28
30
34
38
40
44
43
a7
49
46

39
31
34
39
36
42
37
45
46
37
34
40
37
40
36
36
45
47
43
44



Antenna Peak Realized Gain — Additional LTE Antennas

Airgain’) ) )

) Ant10_LTE (dBi) | Ant11_LTE(dBi) | Ant12_LTE(dBi) | Ant13_LTE (dBi)
3300 22 43 63 61

3400

3500

3600

3700

3800

3900

4000

4100

4200

35

44

37

28

39

44

46

37

46

43

42

33

29

26

41

35

56

64

55

58

58

57

6.2

6.1

58

59

55



Antenna Peak Gain & Efficiency— GNSS Antenna

— —

1559
1575
1580
1590
1607

Average

35

45

45

46

46

58.9

66.8

65.8

857

649

64.4

Airgain)) )



Summary Antenna Efficiency & Peak Gain — Wi-Fi Antennas Airgain‘) ) )

Band Group Min (%) Max (%) Avg (%) Band Group Peak Gain (dBi)

Ant1_IOT 66.6 69.0 67.9 Ant1_IOT

Ant2_2G4 67.2 73.1 711 Ant2_2G4 34
Ant3_2G4 69.5 711 704 Ant3_2G4 37
Antd_2G4 69.1 726 70.8 Antd_2G4 52
Ant5_2G4 70.7 74.1 720 Ant5_2G4 44
Ant2_5G 70.9 73.6 722 Ant2_5G 42
Ant3_5G 68.6 724 70.3 Ant3_5G 55
Antd_5G 68.9 735 711 Antd_5G. 59
Ant5_5G 69.8 73.2 7.8 Ant5_5G. 49
Ant6_6G 65.2 711 68.9 Ant6_6G. 53
Ant7_6G 68.6 725 70.6 Ant7_6G 5.1
Ant8_6G 68.0 70.7 69.4 Ant8_6G. 54

Ant9_6G 64.2 71.0 68.8 Ant9_6G 58




Summary Antenna Efficiency & Peak Gain — LTE Antennas Airgain‘ )) )

Ant10_LTE Ant11_LTE Ant12_LTE Ant13_LTE

BandGroup  Min(%) Max (%) Avg(%) Min(%) Max(%) Avg(%) Min(%) Max (%) Avg(%) Min(%) Max (%) Avg(%)

LB 37.2 55.4 46.2 35.9 59.6 450 - - B B s o
MLB - - - 58.9 66.8 64.4 - - - - o o
MB 453 60.4 515 51.5 65.0 58.7 433 58.8 522 515 659 60.1
HB 48.8 58.7 54.2 443 59.1 53.6 55.1 66.0 622 528 658 60.5
UHB 4.4 60.5 54.7 472 60.3 54.1 63.7 73.2 68.2 60.9 705 66.6
LB 17 17 - -
MLB - 46 - -
MB a7 66 40 46
HB 56 55 49 a7

UHB 48 46 64 6.2




Antenna Front/Back Hemispheric Coverage Ratios Airgain’) ) )

Frequency (MHz)| Ant2 (dB) | Ant3(dB) | Ant (dB) | Ants(dB) [l Frequency (MHz)| Ant10 (dB) | Anti1(dB) | Ant12(dB) | Ant13 (dB)

2400 -0.16 041 650 1.07

2440 -0.10 -1.28 344 -0.03 800 1.27 3.66 - -

2480 -0.88 -1.08 275 -0.75 894 324 0.73 - -

5150 -0.51 -1.43 0.78 -117 1695 1.46 7.14 -0.78 -0.10

5500 -1.10 -0.50 273 -1.93 2000 6.36 5.06 -4.77 -3.42

5850 -1.07 -0.19 237 -1.40 2450 6.08 5.42 -5.82 -2.74
3800 4.65 5.07 -6.31 -7.36

5925 -0.26 3.05 0.74 -0.06

6500 -0.93 191 0.05 0.63

7125 -0.38 2.00 0.36 0.28




Antenna Peak Realized Gain (Max-Min) — Wi-Fi Antennas Airgain‘) ) )

9.58 12.87 11.69 16.63

XZ (StoS) 8.99 15.48 17.71 19.54 925

YZ (FtoB) 8.30 17.67 15.37 17.86 14.42
I e B Y

3.81 5.60 15.98 16.70 12,65

XZ (StoS) 11.05 2361 15.32 16.39 15.75

YZ (FtoB) 11.24 18.15 15.97 18.73 14.22
I e B B T AT

571 12.28 16.30 11.85 13.22

XZ (StoS) 15.68 21.02 19.75 15.89 19.06

YZ (FtoB) 16.81 23.38 23.26 18.58 20.20




Antenna Peak Realized Gain (Max-Min) — LTE Antennas Airgain‘ )) )

800MHz Ant10_LTE Ant11_LTE

5.59 6.16 11.31
XZ (StoS) 5.30 7.40 9.25
YZ (FtoB) 6.50 9.92 7.75
I g e T T TR
17.75 18.27 8.15
XZ (StoS) 10.99 16.24 17.40 15.15 1361
YZ (FtoB) 13.35 21.97 19.66 19.51 21.78
573 19.93 13.09 24.07 28.86
XZ (StoS) 16.40 2248 1545 25.65 2233

YZ (FtoB) 14.79 2307 18.28 2281 2384




Envelope Correlation Coefficient— 2.4 & 5 GHz Wi-Fi Antennas Airgain‘ )) )
mmmm

0.043 0125 0.060 0.156 0.056 0.071
2410 0.038 0.136 0.053 0.162 0.029 0.054
2420 0.033 0.097 0.049 0471 0.043 0.030
2430 0.032 0.088 0.043 0172 0.031 0.032
2440 0.032 0.086 0.041 0.166 0.040 0.033
2450 0.030 0.082 0.036 0.160 0.078 0.025
2460 0.027 0.059 0.025 0.150 0.067 0.013
2470 0.025 0.059 0.024 0.136 0.059 0.021
2480 0.023 0.045 0.018 0.129 0.065 0.011
2490 0.020 0.041 0.018 0.124 0.069 0.012
2500 0.020 0.038 0.018 0.124 0.066 0.015
5150 0.075 0.113 0.043 0.112 0.043 0.029
5200 0.080 0.098 0.042 0.108 0.050 0.028
5300 0.085 0.098 0.049 0.092 0.037 0.025
5400 0.080 0.091 0.036 0.098 0.058 0.023
5500 0.088 0.088 0.037 0.133 0.051 0.022
5600 0.082 0.099 0.037 0.132 0.040 0.021
5700 0.071 0.096 0.034 0.111 0.036 0.021
5800 0.075 0.103 0.031 0.092 0.045 0.028

5850 0.075 0.107 0.035 0.092 0.052 0.029




Envelope Correlation Coefficient — 6 GHz Wi-Fi Antennas

Airgain’) ) )

Frequency (MHz) Ant6_Ant7 Ant6_Ant8 Ant6_Ant9 Ant7_Ant8 Ant7_Ant9 Ant8_Ant9

5925

6000

6100

6200

6300

6400

6500

6600

6700

6800

6900

7125

0.061

0,043

0.033

0.045

0.042

0.040

0.037

0.036

0.041

0.035

0.032

0.040

0.082

0.069

0.069

0.088

0.077

0.084

0.077

0.093

0.088

0.076

0.069

0.081

0.064.

0.064

0.053

0.063

0.072

0.072

0.074

0.063

0.055

0.045

0.047

0.071

0.078

0.074

0.066

0.055

0.056

0.058

0.072

0.072

0.076

0.105

0.121

0.133

0.145

0.142

0.129

0.124

0.127

0.123

0.123

0.130

0.131

0.124

0.093

0.019

0.023

0.027

0.035

0.033

0.032

0.033

0.036

0.031

0.023

0.022

0.028



Envelope Correlation Coefficient — Additional LTE Antennas  Airgain’) ) )

Freuency )| sovo |

617 0.316
650 0.178
700 0.359
720 0.105
750 0.173
800 0.197
820 0.083
850 0.211

894 0.162




Envelope Correlation Coefficient — Additional LTE Antennas Airgain‘) ) )

1695 0097 0,088 0112 0.021 0.062 0.261
1710 0.082 0.076 0.108 0.030 0.101 0.279
1750 0.086 0.049 0.086 0.051 0.124 0.237
1800 0.111 0.028 0.094 0.049 0.144 0.475
1850 0.110 0.020 0.217 0.048 0.158 0.111
1900 0.121 0.024 0.216 0.056 0.112 0.079
1950 0.128 0.044 0177 0.039 0.059 0.123
2000 0.142 0.076 0.169 0.058 0.043 0.070
2050 0.146 0.090 0.181 0.059 0.048 0.063
2100 0.135 0.090 0.135 0.072 0.061 0.085
2150 0.090 0.089 0.095 0.041 0.093 0.211
2170 0.101 0.110 0.081 0.046 0.109 0.156
2300 0.136 0.098 0.066 0.026 0.038 0.133
2350 0.123 0.065 0.108 0.022 0.046 0.132
2400 0471 0.050 0.162 0.020 0.059 0.104
2450 0.191 0.045 0.096 0.023 0.084 0.088
2500 04179 0.057 0.085 0.023 0.097 0.125
2550 0.193 0.068 0.075 0.040 0.088 0.122
2600 0.186 0.061 0.040 0.066 0.104 0.132
2650 0.131 0.051 0.036 0.106 0.140 0.128

2690 0.146 0.076 0.031 0.096 0.163 0.139




Envelope Correlation Coefficient — Additional LTE Antennas  Airgain’) ) )

Frequency (MHz) Ant10_Ant11 | Ant10_Ant12 | Ant10_Ant13 | Ant11_Ant12 | Ant11_Ant13 | Ant12 Ant13

3300 0.250 0.101 0.079 0.046 0.133 0.084
3400 0.209 0.066 0.057 0.031 0.077 0.065
3500 0.224 0.090 0.049 0.035 0.105 0.027
3600 0.246 0.110 0.037 0.029 0.112 0.024
3700 0.225 0.143 0.039 0.036 0.136 0.017
3800 0.198 0.161 0.026 0.044 0.084 0.005
3900 0.200 0.122 0.028 0.033 0.119 0.002
4000 0.261 0.095 0.042 0.028 0.113 0.003
4100 0.223 0.088 0.056 0.030 0.137 0.006

4200 0273 0.065 0.060 0.047 0.112 0.003




Antenna Uncorrelated Gain — Additional LTE Antennas Airgain‘) ) )

Frequency (MHz) | Uncorrelated Gain (dBi) Jll  Frequency (MHz) | Uncorrelated Gain (dBi) Jll Frequency (MHz) | Uncorrelated Gain (dBi)

617 1555 3300
1710 i 3
650 02 1750 16 3400 20
700 13 1800 12 3500 32
1850 09
720 08 1900 10 3600 26
1950 12
750 03 050] 5 3700 21
800 A7 2050 17 3800 21
2100 09
820 28 ) o0 3900 18
850 08 2110} 04 4000 16
2300 12
894 10 2350 18 4100 15
400 = 4200 09
2450 19
2500 23
2550 20
2600 22
2650 15

2690 11




Airgain) ) )

Radiation Patterns
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Total Gain Patterns: Ant4_2G4
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Coverage Total Gain Patterns: Wi-Fi Antennas at : (o
2440MHz Airgair) ) )
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Uncorrelated Gain Patterns: Wi-Fi Antennas at 2G4
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Total Gain Patterns: Ant3_5G Airgain’) ) )
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Total Gain Patterns: Ant4_5G Airgain’) ) )
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Coverage Total Gain Patterns: Wi-Fi Antennas at
5500MHz
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Uncorrelated Gain Patterns: Wi-Fi Antennas at 5G Airgain') ))
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Coverage Total Gain Patterns: Wi-Fi Antennas at
6500MHz
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Uncorrelated Gain Patterns: Wi-Fi Antennas at 6G Airgain') ))
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Total Gain Patterns: Ant10_LTE Airgain) ) )
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Total Gain Patterns: Ant11_LTE Airgain’) ))
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Coverage Total Gain Patterns: LTE Antennas at 800MHz  Airgain’) ) )
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Uncorrelated Gain Patterns: LTE Antennas at LB Airgain’) ))
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Total Gain Patterns: Ant11_LTE Airgain’) ))
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Coverage Total Gain Patterns: LTE Antennas at : (o
¢ 2600M Airgair) ) )
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Coverage Total Gain Patterns: LTE Antennas at
3800MHz
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Uncorrelated Gain Patterns: LTE Antennas at MB to : (o
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Total Gain Patterns: Ant11_GNSS
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Total Gain 3D Pattern: Ant1_IOT at 2440MHz Airgain) ) )

CCOWIFIY Antt_IOT: Frequency = 2440 Mtz Max Gain= 2.1 4B

z




Total Gain 3D Pattern: Ant2_2G4 at 2440MHz Airgain‘ ) ) )

CCOWIFIT Ant2 2G4 Frequency = 2040 Mz Pask Gain =28 dBi CEOWFT Ant_ 2641 Py = 1440 Max Gai 1.8 001

z




Total Gain 3D Pattern: Ant3_2G4 at 2440MHz Airgain' ) ) )

CCOWIFIT Ant3 2G4 Froquency = 2040 Mz Pesk Gain =14 dBi

z




Total Gain 3D Pattern: Ant4_2G4 at 2440MHz Airgain‘ ) ))

CCOWIFIT Antd_2G4: Froquency = 2040 Mz Pask Gain =51 dBi

2z




Total Gain 3D Pattern: Ant5_2G4 at 2440MHz Airgain‘ ) ))

CCOWIFT AntS_2G4: Froquency = 2040 Mz Pesk Gain =18 dBi




Uncorrelated Gain 3D Pattern at 2440MHz Airgain) ) )




Total Gain 3D Pattern: Ant2_5G at 5500MHz Airgain‘ ) ) )

CCO WIFI? Ant2_SG: Froquency = 5500 MHz Pesk Gain = 4 481




Total Gain 3D Pattern: Ant3_5G at 5500MHz Airgain‘ ) ) )

CCOWIFIZ Ant3_5G: Frequancy = 5500 MHz Pesk Gain = 4.2 481

z




Total Gain 3D Pattern: Ant4_5G at 5500MHz Airgain‘) ) )




Total Gain 3D Pattern: Ant5_5G at 5500MHz Airgain‘ ) ) )




Uncorrelated Total Gain 3D Pattern at 5500MHz Airgain) ) )

20 WIFIY Uncormalated_SG: Froquency = 5500 Mz Peak Gain = 2.1 dBi

z




Total Gain 3D Pattern: Ant6_6G at 6500MHz Airgain‘ ) ) )

CCO WIFI? AniS_6G: Froquency = 6500 MHz Pesk Gain = § 481




Total Gain 3D Pattern: Ant7_6G at 6500MHz Airgain’) ) )

CCOWIFIZ Ant?_EG: Frequancy = 8500 Mz Pesk Gain = 5.1 dB1




Total Gain 3D Pattern: Ant8_6G at 6500MHz Airgain‘ ) ) )




Total Gain 3D Pattern: Ant9_6G at 6500MHz Airgain‘ ) ) )

CCOWIFI? AntS_EG: Frequancy = 8500 MHz Pesk Gain = 4.8 dBI




Uncorrelated Total Gain 3D Pattern at 6500MHz Airgain’) ) )

20 WIFIY Uncorrelated_8G: Fraquency = 6500 Mz Peak Gain = 2.8 4Bi

z




Total Gain 3D Pattern: Ant10_LTE at 800MHz Airgain‘) ))

CCOWIFTT Ant10_LTE: Fraquency = 800 M Peak Gain= 21 481

z




Total Gain 3D Pattern: Ant11_LTE at 800MHz Airgain’) ))




Uncorrelated Total Gain 3D Pattern at 800MHz Airgain’) ) )

1O VHFIT Uncorrelsted LTE: Frequency = 800 Mz Peak Gain =-1.7 431

z




Total Gain 3D Pattern: Ant10_LTE at 2600MHz Airgain‘ ) ) )

CCO WIFI? Ant10_LTE: Froquency = 2600 Mz Pesk Gain = ssam OO Wi A0 LTE: Froqueey - 2600 Max Gon =55t




Total Gain 3D Pattern: Ant11_LTE at 2600MHz Airgain‘) ) )

CCOWIFI? Antt1_LTE: Fraquency = 2600 Mz Pesk Gain =37 4B

z




Total Gain 3D Pattern: Ant12_LTE at 2600MHz Airgain‘ ) ) )

CCO WIFI? Antt2_LTE: Frequencyl 2600 Mz Peak Gain = 47 4Bi

Y




Total Gain 3D Pattern: Ant13_LTE at 2600MHz Airgain‘ ) ) )

£CO WIFIT Antt3_LTE: Fr 7 2600 Mz Posk Gain = 47 4B GO WIFT Art13_LTE: Froqueney +2600 i Goii= 4.7 bl

& B

o




Uncorrelated Total Gain 3D Pattern at 2000MHz Airgain’) ) )

/O WIFI? Uncorrsisted LTE: Frequency = 2000 Mz Peak Gain=1.5 dBi




Uncorrelated Total Gain 3D Pattern at 2600MHz

Airgain) ) )




Uncorrelated Total Gain 3D Pattern at 3800MHz Airgain) ) )

OWIEI? Uncorrsisted LTE: rm..m, 2800 bz Posk Gain= um\

@ ||
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Total Gain 3D Pattern: Ant11_GNSS at 1575MHz Airgain‘ ) ))

CCO WIFIY Antt1_GNSS: Froquency = 1575 MHz Max Gains 45 481




Conclusions Airgain) ) )

® The test results for Ant10 have been updated, and the passive results look similar to before




