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10303- | [EEE 802.16e WIMAX (3115, 5, X | 501 6518 | 1761 | 496 | 500 | +96%
AAA 10MHz, B4QAM. PUSC)

Y | 483 65,72 7 73 50.0

Z | 535 6600 5.13 50.0
10304- | |EEE BOZ 158 WIMAX (20:18, Sms, X | 480 6503 708 | 417 | 500 | 296%
AAA 10MHz. B40AM. PUSC)

Y | 465 6564 | 17.2¢ 50.0

Z 510 6568 17 .51 50.0
10305- | |EEE B02.16& WIMAX (3115, 10ms, X | 443 6669 | 1915 | €02 | 350 | +96%
AN 10MHz. B4GAM, PUSC. 15 symbols)

Y | a31 6750 | 19.20 350

Z 1 504 6900 | 20.54 350
10306- | IEEE B0Z.16e WIMAX (29:18, 10ms, X | 417 6588 | 1876 | 602 | 350 | =06%
AAA 10MiHz, B40AM. PUSC, 18 symboals)

Y | 461 6650 | 16.85 350

Z | 522 6743 | 18.77 350
10307- | IEEE BOZ. 158 WIMAX (29.16, 10ms, X | 488 8610 | 1876 | 602 | 350 | =96%
AAA 10MHz. OPSK, PUSC, 18 symbois)

Y | 450 66,71 | 16.78 350

Z | 517 6785 | 10866 350
10308- | [EEE 802 16 WIMAX (23.18, 10ms, X | 464 6623 | 1885 | 602 | 350 | 08 %
AA 10MHz, 160AM, PUSC)

Y | 448 6693 | 1894 350

o 2| 534 6804 | 16.98 350

10309- | [EEE 502,168 WIMAX (28:18, 10ms, X | aB4 6612 | 1890 | 602 | 350 | =96 %
AAA 10MHz, 16QAM, AMC 2x3, 18 symbols)

Y 464 8574 18.96 35.0

Z | 531 6773 | 1884 350
10310- | IEEE 802,160 WIMAX (29:18, 10ms, X | 412 6504 | 16.73 | 602 | 350 | z06%
AAA 10MHz. QPSK. AMC 2x3, 18 symbols)

Y | 456 6666 | 1883 350

Z | 518 67.55 | 10.76 35.0
10371~ | LTE-FDD (SC-FOMA, 100% RB, 15 X | 288 6769 | 1536 | 000 | 1500 | 296%
AAC MHz, OPSK)

Y | 30 6.96 5.18 150.0

Z | 303 67.76 | 15.42 150.0 |
10313~ | DEN 1.3 X | 3.76 72.67 592 | 699 | 700 | *96%
AAA

Y | 491 7801 | _18.07 70.0

Z | 665 7887 | 18.47 70.0
10314- | IDEN 16 X | 525 8037 | 2171 | 1000 | 200 | +96%
AAA

Y | 018 | 89292 | 26.15 30.0

Z | 1088 | 9038 | 2528 30.0 |
10315- | IEEE 802 11D WiFi 2.4 GHz (DSSS, 1 X | 105 8262 | 1407 | 047 | 1500 | +96%
AAB Mbps, 96pc duty cyce)

Y |07 6386 | 1507 1500

Z | 107 62388 | 14.31 150.0
10316- | IEEE BOZ.11g WiFi 2.4 GHz (ERP- X | 460 8634 | 1595 | 017 | 1500 | £96%
AAB OFDM, 6 Mbps, 96pc duty cycle)

Y |_aa7 8677 | 1617 150.0

Z | 469 €637 | 1608 150.0
10317 | IEEE 802 118 WiFI 5 GHz (OFDM, 6 X | 480 6034 | 1585 | 017 | 1500 | =6.6%
AAB Mbps, BEpc duty cycle}

Y |_aa7 66.77_| 1617 150.0

Z | _a63 6637 | 16.08 150.0
10400- | IEEE BOZ2.11ac WiFl (20MHe. 63-QAM, | X | 4.73 6667 | 1583 | 000 | 160.0 | £9.6%
ARG 99pc duty cycle)

Y | 456 | 6705 | 1614 150.0

Z |_481 6664 | 1500 150.0
10401- | IEEE 802.118¢ Wirl (40MHZ 64-QAM. | X | 5.38 6683 | 1608 | 000 | 1500 | £9.6 %
AAC 88pe duly cycle)

Y | 522 6701 | 1620 150.0

Z 544 B6.77 16.12 150.0
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10402- | [EEE 802.11ac WiFi (B0MHz, 64-QAM, | X | 566 6732 | 16.18 | 000 | 1500 | 296%
AAC 99pc duly cycle)

Y | 552 67.49 | 16.31 1500
2| 674 67.32 | 1625 1500
10403- | COMAZ000 (1XEV-DO, Rev. 0) X 3 6630 | 1298 | 000 | 1150 | 296%
AAS
Y | 128 6805 | 13.15 1150
Z | 13a 66.43 | 13.92 1150 =
10404- | COMAZ000 (1XEV-DO, Rev. A) X | 1.8 6630 | 1288 | 000 | 1150 | +96%
AAB
= Y | 129 66,05 | 13.15 115.0
Z | 13a 66.43 | 13.32 115.0
10406- | COMAZ000, RC3, 5032, SCHO, Fall X | 2572 | 10350 | 26.31 | 000 | 1000 | £96%
AAB Rato
¥ _| 10000 | 11578 | 27.16 1000
Z | 1125 | 0304 | 2433 100.0
10410- | LTE-TDD (SC-FOMA, 1 RB, 10 MHz, X | 7284 | 11660 | 2006 | 3.23 | BOO | t96% |
AAC QPSK, UL Subframe=2.3 4,7 8 9)
Y | 10000 | 12353 | 30.54 B0.0
Z | 100,00 | 12258 | 31.47 £0.0
10415- | |EEE BOZ 11b WIFI 2.4 GHz (DSSS, 1 X | noa 6180 | 13356 | 000 | 1500 | =96 %
ARA Mbgs, $9po duty cycle)
Y 1.00 63.07 14.51 150.0
Z | 098 61.85 | 13.60 150.0
10416- | IEEE 802 110 WiFi 2.4 Gz (ERP- X | #55 6634 | 1589 | 000 | 1500 | =96 %
AAA OFDM, & Mbps. 98pc duty eyele)
Y | a4z 6677 | 1611 50,
Z | 48 8627 | 1594 50,
10417- | IEEE BOZ 11am WiFi 5 GHz (OFDM, 6 X | 455 66.34 | 1589 | 000 | 1500 | =86 %
A Mips, 99pc tuty cycle)
Y | 442 8677 | 1611 150.0
= Z | 461 6627 | 1594 150.0
10418- | IEEE 802.11g Wi 2.4 GHz (DSSS- X | 453 66.47 | 1589 | 000 | 1500 | =86%
AAA QFDM, & Mbps, 98pe duty cycls, Loag
preambule)
Y | a4z 86.96 | 16.14 150.0
Z | a5 6639 | 1593 1500
10418. | IEEE 802 11g WiF| 2.4 GHz (DSSS- X | 456 6643 | 1580 | 000 | 1500 | £06%
AMA QOFDM, 6 Mbps. 88pc duty cycle, Short
preambule)
Y 4.44 66.90 16.14 150.0
Z | 462 | 0636 | 1595 150,0
10422- | IEEE 802.11n (HT Greentield, 7.2 Mops, | X | 4,68 8645 | 16503 | DOD | 150.0 | =86%
AAA BPSK)
Y | 455 §6.88 6.15 150.0
Z | 418 66,39 ar 150.0
10423- | IEEE BOZ 110 (MT Groenaeid, 43,9 X | 486 66.79 6.06 | 000 | 1500 | =8.6%
AAA Mbgs, 16-QAM)
Y | 46d 67.16 | 16.25 150.0
Z | 495 | 6676 | 1611 150.0
10424- | IEEE 802 11n (HT Groenfeld, 72.2 X | 478 66.73 | 1602 | 000 | 1500 | 288%
AAA _Mbps, 64-0AM)
¥ | 482 6712 | 16.22 50.0
Z | 485 6669 | 16.07 150.0
10425- | IEEE 802.11n (HT Greenbeld, 18 Mbps, | X | 5.35 7. 16.18 | 0.00 500 | +8.6%
AAA BPSK)
Y |20 67.30 | 16,36 150.0
F3 542 67.02 | 16.24 150.0
10426- | IEEE 802,11n (HT Greenfeld, 80 Mbps, | X | 5.35 6706 | 16.18 | 000 | 1500 | £06%
AAA 16-GAM)
Y| 521 6733 | 1637 150.0
Z | 543 | 67086 | 16.26 150.0
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10427- | IEEE 802.11n (T Groenfiokl, 150 Mbps, 537 6708 | 1620 | 000 | 1500 | =96 %
AAA B4-0AM}

5.21 6728 | 1634 150.0

545 7.08_| 1626 150.0
;Aamw LTE-FDD (OFOMA, 5 MHz, E-TM 3.1) 478 015 | 1785 | 000 | 1500 | 96 %

%32 7199 | 1845 150.0

427 68961 | 17.72 150.0
10437, | LTE-FDD (OFDMA, 10 MHz, E-TM 3.1) 424 66.77 | 1586 | 000 | 1500 | £9.6%
AB

4.08 6734 | 1607 160.0

%33 86,71 | 1504 150.0 =1
10432- | LTE-FOD (OFDMA, 15 MHz E-TM 3.1) 454 6673 | 1595 | 000 | 1500 | £96%
AAB

438 §7.19 16.17 160.0

462 8668 | 16.01 150.0
10433- | LTE-FDD {OFDMA, 20 MHz, E-TM 3.1) 479 6677 | 1604 | 000 | 1500 | =96 %
AAB

463 8735 | 16.24 150.0

487 8673 | 16.10 150.0
10434~ | W-CDMA (BS Test Moo 1, 64 DPCH) 434 7088 | 17.82 | 000 | 1600 | 9.6 %
AAA

448 7308 | 1845 1500

434 7024 | 17.68 150.0 i
10435- | LTE-TDD (SC-FDMA, 1 RB_ 20 MHz, 64,35 | 114.75 | 2856 | 3.23 | BOO | =96%

AC QPSK, UL Subframe=2,3.4.7.8.9)

100.00 | 12324 | 30.41 80.0
100.00 | 122.37 | 3139 0.0 —=
10447- | LTE-FDD (OFDMA. § MHz. E-TM 3.1, 352 | 6662 | 1520 | 000 | 1500 | £9.6%
AAB Clipping 44%)
330 | 6742 | 1525 150.0
362 | 8657 | 1535 150.0
0448- | LTE-FDD (OFDMA. 10 MHz, E-TM A1, 407 | 6654 | 1571 | DOD | 1500 | =96 %

AAB Clippin 44%)

393 | 6713 | 1583 1500
415 | 6647 | 1579 150,
10443 | LTE-FDO (OFDMA, 15 MHz, E-TM 3.1, 434 | 6655 | 1684 | DOD | 1500 | 296%

| AAB | Ciping 44%)

421 67.03 16.07 150.0
441 66.49 15.90 150.0
453 86,52 1589 0.00 150.0 +96%

10450~ LTE-FDD (OFDMA, 20 MHz, E-TM 3.1,
AAB | Clgping 84%)

>ing|=i XNl XING<<]  XINI<] XN XINEC] XN XIN<] XN XN XN X

442 6694 | 1011 150.0
4 60 €647 | 1504 150.0
10451- | W-COMA (8S Tesl Modal 1, 64 DPCH, 342 €678 | 1467 | 000 | 1500 | 268%

AAA Clipping 44%)

321 67.95 | 14.74 150.0
3.53 665.76 15.06 150.0
621 §7.70 16.40 .00 1500 296%

10456- | IEEE B02 11a¢ WiFi (160MHz, B4-GAM,
AAA 98pe duly cycle)

Y

Z

X

Y 6.10 67.91 16.94 150.0

4 6.28 67.72 16.47 150.0
10457 - UMTS-FDD [DC-HSDPA) X 378 54.98 15,59 0.00 1500 196%
AAA

Y 3.73 6546 5 82 150.0

N Z | 381 64.01 5.64 150.0 —

10458- COMAZ000 (1xEV-DO, Rev. B, 2 X 394 69,89 715 0,00 1500 | 2498%
AAA cariers)

Y 4.03 71.98 17.58 150.0

Z 3.93 69.21 17.04 150.0 ]
10456- COMAZ000 (1xEV-DO, Rav. B, 3 X 516 68,03 18.00 000 1500 | +986%
AAA camiers)

Y 5.06 69.27 18.24 150.0

4 517 67.42 17.84 150.0
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10460- UMTS-FDOD (WCDMA, AMR) X 077 64,66 13.80 0.00 1500 | =96%
AAA

Y 0.86 67.88 15.89 150.0
Z | 078 64.75 | 1387 150.0
10461- LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, X 3047 107.58 27.80 328 80.0 £86%
AN QOPSK, UL Subframe=2.34.7.8.9)
Y | 10000 | 13051 | 3374 80.0
2 100.00 125.96 33.13 80.0
10462- LTE-TDD {SC-FDMA, 1 RB, 1.4 MHz, X 282 70.26 1338 323 80.0 06 %
AAA 16-QAM, UL Sublrame=2,3,4.7 8.9)
Y 278 7115 12.62 80.0
- — Z | 10000 | 11076 | 2593 B0.0
10463- LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, X wm 64.683 10.58 323 80.0 £96%
AAA 64-QAM, UL Suts 2347839)
Y 0.93 6117 8.01 B0.0
= Z 5846 101.81 | 2312 80.0
10464 LTE-TDD (SC-FDMA, 1 RB, 3 MHz, X | 2196 10168 | 25564 3.23 80.0 £06%
AM | GPSK, UL Sublrame=2.3,4,78.5)
Y | 10000 | 127.29 | 32.08 80.0

i Z | 10000 | 12396 | 32.04 50.0
10465- LTE-TDD (SC-FDMA, 1 RB, 3 MHz, 16- X 232 68.22 12.49 3.23 800 =06 %
AAA QAM. UL Subframe=2 34 7,69)

Y 1.83 6742 11.20 80.0

Z | 10000 | 110.18 | 2564 80.0
10466- LTE-TDD {SC-FDMA, 1 RB, 3 MHz, 64- X 1.57 B3.73 1012 323 80.0 £96%
ARA QAM, UL Subtrame=2,3.4.7,8.9)

Y 0.86 80.55 7.65 80.0

— Z | 222 90.62 | 20.27 B80.0

10467~ LTE-TOD (SC-FOMA, 1 RB, 5 MHz, X | 2620 10415 | 2631 323 80.0 £96%
AAC QPSK, UL Sublrame=234.7.8.9)

Y | 100.00 | 12768 | 3226 80.0

S r4 100.00 12419 32.14 80.0

10458- LTE-TDD {SC-FDMA, 1 RB, 5 MHz, 16- X 242 BB.67 12.68 323 80.0 £06%
AAC QAM. UL Subframe=2,3.4.7.8.8)

Y 2.02 B68.32 11.56 80.0

2 | 10000 | 11035 | 2572 B0.0
10465- LTE-TDD (SC-FDMA, 1 RB, 5 MMz, 64- X 1.57 63.756 10.13 323 0.0 +906%
AAC QAM, UL Subframe=234.7.8,9)

Y 0.86 60.58 7168 800

Z | 2188 80.96 20.35 80.0
10470- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X | 2631 104.23 | 2632 iz B0.0 =B86%
AAC QPSK. UL Subframe=2.34.7.8.9)

Y | 10000 | 127.73 | 32.27 B0.0

Z | 10000 | 12422 | 32.15 £0.0
10471- LTE-TDD (SC-FDMA, 1 RB, 10 MHz. 18- | X 241 66.60 12,85 323 B0 £96%
AAC QAM, UL Sublrame=2.3.4.7,8.9) -y

Y. 1.98 6B.12 11.47 80.0

F 4 100.00 110.30 25.69 800
10472- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, 84- | X 1.56 B3.70 10,10 323 BO.O £986%
AAC QAM, UL Sublrame=22347.8,9)

¥ 0.85 60.50 761 BO.O

Z | 2182 | 9001 20.32 80.0
10473- LTE-TOD (SC-FOMA, 1 RB, 15 MHz, X | 26.18 10413 | 2629 323 80.0 £96%
AAC QPSK, UL Sublrame=2.34.7.8.9)

Y | 100.00 | 127.68 | 3225 80.0

Z | 10000 | 12419 | 32.14 800 i)
10474~ LTE-TDD (SC-FOMA, 1 RB, 18 MHz 16- | X 2,39 68.54 12.63 323 80.0 £96%
AAC QAM, UL Subframe=2,3.4.7.6.9)

Y 196 68.04 11.44 800

Zz 100.00 110.31 2569 80.0
10475- LTE-TDD {(SC-FOMA, 1 RB, 15 MHz, 84 | X 1.55 63.68 10.08 iz 80.0 £96%
AAC QAM, UL Subframe=2,3.4.7.8,8)

Y 0.85 60.48 7.61 80.0

Z 1 2133 20.88 20.27 80.0
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10477 LTE-TDD (SC-FDMA, 1 RB, 20 MHz, 16- | X 23 8818 1245 323 8.0 296%
AC GAM, UL Subframe=2.3.4,7.8.9)

Y 1.81 67.30 1113 80.0
Z | 100.00 110.14 2561 80.0
10478- LTE-TDD {SC-FDMA, 1 RB, 20 MHz, 84- | X 1.55 8362 10.05 23 800 =08 %
AAC QAM. UL Subframe=2.3.4.7,6.9)
Y 0.85 60.43 .57 80.0
Zz 2081 90.38 2018 80.0
104789- LTE-TDD (SC-FOMA, 50% RB, 14 MHz, | X 516 79.49 092 323 80.0 +96%
AAA QPSK. UL Subtrame=2.34.7.8 9)
Y 4.15 10483 | 28.32 80.0
r4 3.87 87.46 2429 B80.0
10480- LTE-TDD (SC-FOMA, 50% RB. 1.4 MMz, | X 5.95 7761 18.64 3.23 80.0 +96%
AAA 16-QAM, UL Subframe=234,7 8 9)
Y 30 64 98.91 23.94 80.0
Z | 1132 | 8643 | 2241 80.0
10481~ LTE-TDD (SC-FDMA, 50% RB, 14 MHz, | X 517 7517 1742 323 80.0 +96%
AAA 64-QAM, UL Sublrame=2,3,4,7.8.9)
Y 13.26 ar.41 20.30 80.0
Zz 10.14 8416 21.38 80.0
10482- LTE-TDD {SC-FDMA, 50% RB, 3 MHz, X 257 68.99 1563 223 80.0 +96%
AAA QPSK, UL Sublrarme=2.34.7.8.9)
Y | 304 7292 | 1876 80.0
Z 3.87 73.97 18.10 80.0
10483~ LTE-TOD (SC-FDMA, 50% RS, 3 MHz, X 432 7291 17.03 223 80.0 +968%
AAA 16-0AM, UL Subirame=2.3.4.7 8.9)
Y 5.01 75.54 16.98 80.0
Z 7.43 80.32 20.50 80.0
10484~ LTE-TDD (SC-FDMA, 50% RB, 3 MHz, X 414 71208 16.71 223 80,0 £66%
AAA 64-QAM, UL Subframe=2,3.4.7.8.9)
Y #.35 73,57 16.26 80.0
- — Z 8 79.01 20.08 80.0
10485- LTE-TDD (SC-FOMA, 50% RE, 5 MHz, X 286 70.08 1683 223 800 +06%
AAC QPSK, UL Subframes2.3 4,7 8.9)
Y 346 74,84 18.69 80.0
Zz 4.07 74.54 18.96 80.0
10486- LTE-TOD (SC-FDMA, 50% RB, 5 MMz, X am 67.74 1548 223 80.0 £68%
AAC 16-QAM, UL Subframe=2,3.4.7.8.9
o Y. 318 £9.98 16.02 80.0
= Z | 3Bs | 7058 | 17.08 80.0
10487~ LTE-TDD {SC-FOMA, 50% RB, 5 MHz, X 3.04 67.53 15.38 223 80.0 £96%
AAC 54-QAM, UL Subframe=23.4.7.8.9)
Y 3.13 69486 15.77 80.0
Z | 385 70.2% 6.95 = 60.0
10458~ LTE-TDO (SC-FOMA. 50% RB, 10 MHz, | X 328 70.14 17.37 223 800 £96%
AAC QPSK, UL Subframe=2.3478.9)
Y 356 73.22 189 80.0
Z 433 T3.67 19.03 80.0
10468- LTE-TDD (SC-FOMA, 50% RB. 10 MHz, | X 3.36 67.71 16.48 2.23 B0.O 96 %
AAC 16-QAM, UL Subframe=2.34.7.8.9)
Y 3.42 B8.57 17.30 80.0
4 401 69.84 17.65 80.0
10490- | LTE-TDD (SC-FDMA, 50% RB, 10 MHz, | X 3.47 6763 | 1648 | 223 800 | £96%
AAC 654-QAM. UL Sublrame=2.34.7.8.9)
Y 350 69.38 722 80.0
Z 411 69.62 7.58 80.0
10481- LTE-TODD (SC-FDMA, S50% RB, 15MHz, | X 362 69.38 747 2.23 80.0 +96%
AAC QPSK. UL Subframe=2.34.7.8.9)
Y 372 7146 18.33 800
z 447 72.05 18.47 80.0
10402- LTE-TDD (SC-FDMA, 50% RB, 15 M2, | X 376 57.37 16.58 223 80.0 +96%
AAC | 16-QAM, UL Subframe=2,34,7.8.9)
Y 372 68.59 17.23 80.0
F4 4.34 60.08 17.55 80.0
Certificate No: EX3-3803_Sep17 Page 28 of 38

F-TP22-03 (Rev.00)

HCT CO.,LTD.



I CT

FCC ID: ZNFX210JM

Report No: HCT-SR-1806-FC002-1

HCTCO, LTD.

EX3DV4- SN-3903 September 28, 2017
10483 [ LTE-TDD (SC-FDMA, 50% RB, 15 MHz, | X | 3.84 6729 | 1657 | 223 | 800 | 2986%
AAC 64-QAM, UL Subframe=2,3,47.6,8)

Y |37 6845 | 1717 B0.0
Z | 44 88,93 | 17.51 50.0
104848 | LTE-TDD (SCFDMA, 50% RB, 20 MHz, | X | 3.86 7063 | 1753 | 223 | BO.O | £9.6%
AAC QPSK, UL Subframe=2,3.4.7.8.9)
Y |06 73.05 36 B0.0
Z | 442 73.76 a7 80.0
10495. | LTE-TDD (SCFDMA, 50% RB, 20 MHz, | X | 4.78 67.74 6.74 | 223 | 800 | 296%
AAC 16-QAM, UL Subframe=2.3.4.7.8.8)
Y | _3.76 66.93 7.43 0.0
Z | 440 66.50 7.75 80.0
10486. | LTE-TDD (SCFDMA, 50% RB, 20 Mz, | X | 3.88 | 67.65 671 | 223 | B0O0 | =68%
AAC 64.QAM, UL Subframe=2.3.4,7.8.9)
Y | 383 GB66 | 17.34 80.0
Z | a7 89.26 | 17.88 B0.0
10487- | LTE-TDD (SC-FDMA, 100% RS, 1.4 X | 203 66.21 | 1363 | 223 | 800 | =06%
AAA MHz. OPSK, UL Subframe=2,3.4.7,8.9)
Y 92 56.80 2.99 80.0
Z | 314 71.28 | 18.37 80,0
10498~ | LTE-TDD (SC-FDMA, 100% 8, 1.4 X | 188 6285 | 11,10 | 223 | 80O | 296%
AAA MHz, 16-QAM. UL
Sublr 234789)
¥ 31 6035 | 868 0
Z | 268 86,50 | 1345 80.0
10489- | LTE-TOD (SC-FDMA, 100% R8. 1.4 X 85 6247 | 1078 | 223 | BoD | +98%
AAA MHz, B4-0AM, UL
Subframe=2.3.4.7.8.9)
[=="—" Y | 128 6000 | 83z B0.0
Z | 265 66,02 | 13.11 80.0
10500- | LTE-TDD {SC-FDMA, 100% RB, 3MHz, | X | 2449 684 | 1690 | 223 | BOO | +90%
AAA QPSK, UL Sublrame=2.34.7.8.9)
Y | 3é2 7385 | 1866 800
Z |_a07 73271 | 16,83 800
10501- | LTE-TDD (SG-FDMA, 100% RB, 3MHz, | X | 317 67.74 | 1586 | 223 | 800 | =06%
AAA 16-QAM, UL Sublrame=2.3.4.7.8.9)
¥ 3 6595 | 16,58 80.0
Z | _3m 7020 | 17.27 80.0
10502- | LTE-TDD (SC-FOMA, 100% RB, SMHzZ, | X | 3.24 8768 | 1580 | 223 | 800 | +9.0%
AAA 54-0AM, UL Subframo=2.3.4.7.8 9]
Y | 335 69.80 | 16.43 80.0
Z 3.97 7005 1717 80.0
10503- | LTE-TDD (SC-FDMA, 100% RB, 5MHz, | X | 325 6067 | 1729 | 223 | 800 | =06%
AAC QPSK. Ut Subframe=2.34.7,8,9)
Y | 360 | 7299 | 18.80 800
Z | 427 7345 | 1804 80.0
10504- | LTE-TOD (SC-FDMA, 100% RB, 5MHz, | X | 3.35 | 6763 | 1641 | 223 | 800 | 296%
AAC 16-QAM, UL Subframe=2.3,4,7,8.9)
Y | 340 | o946 | 17.24 80.0
Z | 400 6875 | 17.50 80.0
10605~ | LTE-TDO (SC-FOMA, 100% RB, 5 MHz, | X | 345 6755 | 1640 | 223 | 800 | 66%
AAC 64-0AM. UL Sublrame=2.34,7,8.9)
Y | 348 €926 | 17.15 80.0
Z | 408 6853 | 1753 80.0
10506- | LTE-TDD (SC-FDMA, 100% RB, 10 X | 383 7080 | 1748 | 223 | 800 | *968%
AAC MHz, QPSK, UL Subframe=2.3.4.7.8.8)
= Y |_ao02 7288 | 18.78 80.0
Z | 488 7361 | 18.89 80.0
10507- | LTE-TOD (SC-FOMA, 100% RB, 10 X | 377 6768 | 1671 | 223 | B0.0 | +96%
AAC MHz, 16-QAM, UL
Sublrame=2.34.7.89)
Y 374 $8.86 17.39 B0.0
Z | 438 6952 | 17.71 80.0
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10508- LTE-TOD (SC-FOMA. 1D0% RB, 10 X 3,66 67.42 16.67 2.23 80.0 +96%
AAC MHz, 64-QAM, UL

Subframe=2.34,7.8.9}
Y 3.8 58.58 17.30 60.0
r4 4.4 69.20 17.61 80.0
10509- LTE-TOD (SC-FOMA. 100% RB, 15 X 4.2 62.86 17.22 223 B0.O 196%
AAC MHz, QPSK, UL Subframe=234,7.8.9)
Y 4,36 71.56 B8.23 800
F4 512 7220 1B.35 B0.0
10510- LTE-TDD (SC-FDMA, 100% RB, 15 X 429 67.71 6.81 223 B0.0 196%
AAC MHz, 168-QAM, UL
Sublrarma=2.34.7.8.9)
Y 4.20 6850 17.35 B0.0
. F4 4.87 £9.28 17.67 80.0
10511 LTE-TDD {SC-FDMA. 100% RB, 15 435 87.50 16.78 223 800 £96%
AAC MHz, 64-0AM, UL
Subtrame=2,34,7.8.9}
Y| 425 6826 | 1728 800
Z 4,99 68.08 17.60 80.0
10512- LTE-TDOD (SC-FOMA, 100% RB, 20 X 435 7107 17.56 223 800 £96%
AAC MHz, QPSK. UL Subframe=2.3 4,7.8.6)
¥ 456 73.19 18.76 80.0
Fa 545 73.96 18.88 80.0
10513~ LTE-TDD (SC-FDMA, 100% RE, 20 X 416 6792 16.88 223 80.0 06 %
AAC MHz, 16-QAM, UL
Subframe=2.3,4.7.8.9)
4.09 68.74 17.45 80.0
r4 4,78 £9.66 17.81 50.0
10514. LTE-TOD (SC-FOMA, 100% RB, 20 419 67.57 16.80 223 80.0 £96%
AAC MHz, 64-QAM, UL
Subframe=2,34.7.8.9)
Y | 41 8832 | 17.32 80.0
Z 4.77 89.16 17.67 80.0
105615- |IEEE 802.11b WiFi 2.4 GMz (DSSS, 2 X 0.94 61.08 13.54 0.00 150.0 196 %
AMA | Mbps, 98pc duty cycle)
Y 0.96 63.23 14.56 150.0
Zz 0.94 61.94 13.59 150.0
10516 IEEE 802.11b WiFi1 2.4 GHz (DSSS, 5.5 X 0.45 64,32 13.38 0.00 150.0 £96%
AAA Mbps. 98pc duty cycle)
Y 0.55 69,14 16.68 150.0
Z 0.45 6451 13.43 150.0
10517 fEEE 802.11b W 2.4 GHz (DSSS, 11 X 0.76 62.97 13.58 0.00 150.0 198%
AAA | Mbps, 99pc duty cycie)
Y 0,80 8490 1508 150.0
Z| 076 6302 | 1365 150.0 =
10518 IEEE 802.11am WIiFI 5 GHz (OFDM, 9 X 454 86.40 15.87 0.00 1500 +96%
AAA Maips. 99pc duty cyce)
Y | 442 66.86 | 10.09 150.0
Z 4.8 66.34 15.92 150.0
10519 IEEE 802 11am WIFI 5 GHz {OFDM, 12 x 474 66.87 1600 0.00 150.0 +86%
AAA | Mibps, 99pc duty cycle)
Y 458 8§7.05 16.18 150.0
Z 482 88.63 16.08 150.0
10520~ IEEE B02.11a/ WiFiI 5 GHz (OFDOM, 18 X 458 6662 15.91 .00 150.0 =068 %
ASA | Mbps, 99p0 duty cycle)
Y 443 §7.00 16:.11 150.0
Z 4.67 86.50 15087 150.0
10521- IEEE 802,11ah Wi 5 GHz (OFDM, 24 x 452 66.61 1589 0.00 150,0 296 %
AAA dul &
Y 437 66.99 16.10 150.0
Zz 4.60 66.59 15.95 1500
10622- IEEE 302,11&/h WiFi 5 GHz (OFDM, 36 X 458 66.65 15.96 0,00 150.0 196%
AAA | Mbps, 99pc duly cycle)
Y 4.43 87.10 16.19 150.0
Z 4.65 66.57 15.99 150.0
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10523- IEEE 802.11am WiFi 5 GHz (OFDM, 48 | X 4.45 66.53 15,80 0.00 1500 | z96%
AR Mups, 99pc duty cycle)

Y 4.33 67.04 16.08 150.0
ST Z 452 6646 16.84 150.0
10524 |EEE 802 11amh WiFi 5 Gz (OFDM, 54 | X 4.52 66.58 1593 0.00 1500 | =986%
AAA Mibps, 99pc duty cycie)
Y 4.37 67.03 16,16 1500
Z 4.60 66.53 15.98 150.0
10525- IEEE 802 11ac WiFi (20MHz, MCSO, X 4.49 65.63 15.52 0.00 150.0 296 %
AAA_| 99pc duty cydle) -
Y 438 | B613 16,78 160.0
4 4.55 55.58 15,57 150.0
10626- |EEE B02.11ac WIFi {20MH2, MCS1, X 4.67 66.00 15,67 0.00 1500 | =296%
AMA 99pc outy cycs)
Y | 482 B6.44 | 1591 150.0
Z 475 65.95 15.71 150.0
10627- IEEE 802.11ac WIFi {Z0MHz2, MCSZ, X 458 65.96 15.61 0.00 1500 | £98%
A | 99pc duty cycie)
Y 4,45 6641 85 150.0
Z 4.66 6591 5.66 1500
10528- IEEE 802.11ac WiFi (20MHz, MCE3, X 4.60 B5.98 1584 Q.00 1500 =06 %
AAA | 9pc duty cycie)
Y 447 66,42 588 130.0
Z 4.68 65.93 5.69 150.0
10529- IEEE 802 11ac WiFi {20MHz, MCS4, X 4.60 65.98 584 0.00 1600 | £96%
AAA 99pc duty cycle]
X 447 56.42 15.88 150.0
z 468 65.93 15.69 150.0
10531- |IEEE 802 11ac WiF| (20MHz, MCSE, X 460 66.09 15.85 0,00 1500 | £96%
AAA Sd9pc duty cycle)
Y 4.44 66.48 15.87 150.0
T r4 489 56.06 15.71 150.0
10832- |EEE 802 11ac WiF| (20MHz, MCS7, X 446 65.94 1558 0,00 1500 | 296%
AAA S%pc duty cycle)
Y 432 66.36 15.81 150.0
Z 454 65.92 15,64 150.0
10633- |IEEE 802 1tac WiFi (20MHz, MCSS, X 461 66.01 15.62 0.00 1500 | =298%
AM | 99pc duty cycle)
Y 4.43 66.48 15.88 150.0
Z 4.69 65.96 15.67 150.0 ]
10534~ |EEE B02.11ac WIFI (40MHz, MCSO, X 513 66.17 1674 0.00 1500 296%
AAA S9pc duty cyle)
Y 5.00 606,47 1593 150.0
2 520 B6.15 1579 150.0
10535- |EEE 802.11ac WiFi (40MHz, MCS1, X 519 656,31 16,79 0.00 1500 [ 298%
AAA 99pc duty cycle)
Y 5.06 66.61 16.00 150.0
Z | 526 | 8628 | 15.84 150.0 .
10536- IEEE 802.1Tac WIF| (40MHz, MCS2, F3 508 66,28 1576 0.00 1500 | =98%
AMA | 99pc duty cycie)
Y 4.94 66,60 15.97 150.0
Fd 5.13 66,26 1581 150.0
10537- IEEE 802.11ac WIFI (40MHz, MCS3, X 5.12 66.25 1575 0.00 1500 | 296%
AAA_ | 99pc duty cyce)
Y | 489 | 6658 | 1598 1500
Z 520 66.24 15.80 150.0
10538- |IEEE B02 11ac WIFI (40MHz, MCS4, X 523 66,31 15.82 0.00 1500 | $96%
AAA S9pc duty cycle)
Y 07 66.35 559 150.0
Z 31 66.31 15.88 150.0
10540- IEEE BO2 11ac WIFI (40MHz, MCSE, X A4 66.27 1581 0.00 1500 | 296%
AMA | ofpcdulycycle)
¥ 5.00 68,53 15.96 150.0
r4 521 66.25 1588 1500
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10541- IEEE BO2 11ac WIFi (40MHz, MCS7, X 512 66.18 1576 000 150.0 +96%
AMA 99pc duty cycle)

Y 4.08 645 1594 150.0

r4 520 86.18 1583 1500
10542- IEEE BOZ 11ac WiF (408Hz. MCS3, X 5.28 66.25 15.82 0.00 150.0 196%
AAA | 99pc duly cycle)

Y 514 658,53 16.00 150.0

Z 5.35 66.23 15.87 150.0
x‘;ﬁ- IEEE 802.1%ac WiFi (40MHz, MCSS, X 5.36 6829 15.85 0.00 1500 £96%

S9pc duty cycle)

Y 5.20 6654 16.02 150.0

Z | 544 | €626 | 1580 150.0 =2]
:&i“- |EEE 802.1tac WiFi (S0MMHz, MCSO, X 543 66.32 1575 0.00 150.0 298%

$9pc duty cycie)

Y 5.33 66.58 15.93 150.0

Z 548 66.29 15680 150.0
10645 IEEE B0Z.11ac WiFi (80MHz, MCS1, X 5,61 66.67 1587 0.00 180.0 £986%
AAA Auly cydle)

Y/ 549 66.91 16.05 150.0

Z 5.68 66.68 15.93 150.0
10546- IEEE 802 11ac WIFi (80MHz, MCS2, X 5.50 46.55 1583 0.00 1500 £96%
AAA S4pc duty cydio)

Y | sar 6673 | 1587 150.0

b4 5.57 86.56 1589 150.0
10647 {EEE 802.11ac WiFi {80MHz, MCS3, X 558 66.60 1585 0.00 500 +06%
AMA | 99pc duty cycle)

Y A4 66.77 15.99 150.0

Z .66 66.64 15.92 150.0
10548- |EEE BOZ 11ac WIFi (BOMMz, MCS4, X a7 67.33 16.18 0.00 500 £06%
AAA #8pc duty cycle)

Y 5.58 €7.36 16.26 150.0

r4 .90 67.49 16.31 150.0
10550~ |IEEE B02.11ac WiFi (BOMMz, MCSE, X 552 66.53 15.83 0.00 150.0 £98%
AM\ | 99pc duty cycle)

Y 5.40 66.78 16.01 150.0

Z | 559 | e652 | 1588 150.0 =
10551~ |EEE 802.11ac Wi (BOMHz, MCS7, X 553 66.50 1582 0.00 150.0 296%
AAA Bopc duty cycle)

Y .38 6875 15.96 150.0

Z B0 | 6659 | 1588 150,0 |
10552- IEEE 802,11ac WiFi (B0MHz. MCS8, X 45 6540 15.74 0.00 150.0 2986%
APA S8pe duty cycle)

Y 5.35 B6.68 15835 150.0

Z | 561 6638 | 1570 150.0 =
10553~ IEEE 802.11ac WiFi (B0MHz. MCS9. X 554 66.45 15.79 Q.00 150.0 296%
AAA 99pc duty cycle)

Y 541 66.67 15.95 150.0

I Z | 561 65644 | 1584 150.0
10554 IEEE 802.11ac WIFi {160MHz. MCSO, X 5.82 66.70 15.85 0.00 1500 196%
AAB 99pc duty cycle) s

Y 574 66.91 16.00 150.0
Z | 588 | 66.66 | 1581 150.0 |
10555~ IEEE 802.115c WIFI (160MHz. MCS1. X 5.95 66,86 1597 0.00 150.0 296%
AAB 98pc duty cycla)
Y 584 67.15 16.10 150.0
Z 6.02 67.00 16.03 150.0 ]
10556 IEEE 802.11ac WIFI {160MHz, MCS2. X 5.97 67.01 15.98 0.00 1500 $£96%
AAB
Y 5.86 87.20 18.12 150.0
Z | 603 | 67.01 | 1604 150.0
10557- IEEE 802 .11ac WIFI (160MHz, MCS3, X 595 66,96 15.97 0.00 150.0 +96%
LAAB | 99pc duty cycie]
¥ 583 87.13 16.10 150.0
Z 6.02 66.98 16.04 150.0
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10558- IEEE 802 11ac WiFI (160MHz. MCS4, X 5900 67.11 16.08 ¢.00 160.0 +96%
AAB 98pe duty cyce)

Y 5.87 67.28 16.18 50.0
Z | 607 | 6715 | 1614 150.0
10560~ IEEE 802 11ac WiF (160MHz, MCSS, X 6.00 67.00 16.04 Q.00 50.0 £96%
AAB 9gpc duty cyclo)
Y .87 67.14 16.16 150.0
Z 07 £7.01 16.11 150.0
10561- IEEE 802 11ac WIiFi (160MHz, MCS7, X a1 66.83 16.05 0.00 150.0 t98%
AAB | 89pc duty cyce)
Y 79| _67.09 | 1617 150.0
4 .98 66.95 16.12 150.0
10562 IEEE 802 11ac WIF| (160MHz, MCS8, X .03 67.30 16.23 0.00 150.0 +86%
AAB | 99pc duty cyce)
Y | 587 67.35 | 16,30 150.0
Z | 612 67.37 | 16.33 150.0
10563- IEEE 802.11ac WIFi {160MHz, MCS9. X 6.33 6776 16.41 0.00 150.0 2968 %
AAB
b 5.94 67.20 16.18 150.0
Z B5.42 67.82 16.50 150.0
10564~ |EEE B02.11g WiFi 2.4 GHz (DSSS- X 4.87 66.51 16,04 046 150.0 £98%
AAA OFDM, 9 Mbps, 99pc duty cycle)
Y 4.73 66,89 16.22 150.0
- Z | 494 | oea4d | 1612 150.0
10565- |EEE BO2.11g WIFl 2.4 GHz (DSSS- X 512 66.99 16.38 046 150.0 £98%
AAA | OFDM, 12 Mbps, 99¢c duly cycle)
¥ 4.94 67.32 16,54 150.0
Z | 520 | 6698 | 1648 150.0 —
10566- |IEEE B02.11g WIFi 2.4 GHz {DSSS- X 4.94 66.83 16.18 0.48 150.0 £906%
AAA | OFDM, 18 Mbps, 99pc duly cyclo)
Y 478 B7.15 16.35 150.0
e 2| 503 | B682 | 1627 150.0
10567 IEEE 802 11g WiFi 2.4 GHz (DSSS- X 4.97 67.24 16,55 046 150.0 £96%
AAA OFDM, 24 Mbps. 88pc duly cycle)
Y 4,82 67.59 16.75 150
o Z | 506 | 6120 | 1681 150,
10568~ |EEE 802 11g WiFi 2.4 GHz (DSSS- X 485 66.54 159 048 150 +96%
AAA OFDM. 36 Mbps. 89pc duty cyclo) o
Y 468 66.89 18.08 150.0
Z 4054 66.54 16.01 150.0
10568- |EEE B02.11g WIFi 2 4 GHz (DSSS- X 482 67.29 16.58 0,46 150.0 +986%
AAA OFDM. 48 Mbps. 99pc duly cycle)
Y 4.80 87.77 1686 150.0
Z | 499 | 6723 | 1663 150.0
10570- |IEEE B02.11g WiFi 2.4 GHz (DSSS- X 466 87.12 16.51 0.46 150.0 +86%
ARA OFDM. 54 Mbps, 99pe duty cyde)
Y 48 5754 16.74 150.0
Z 504 57.08 18.57 150.0
10571~ IEEE B0Z.11b WIFI 24 GHz (DSSS, 1 X 113 83,18 1436 0.45 1300 L£96%
AAA | Mbps, 80pc duly cycle)
Y | 115 | 6440 | 1538 130,
Z 1.19 63.85 14.87 130.(
10572 IEEE 802116 WIFI 2.4 GHz (DSSS, 2 X 1.13 6361 14.67 0.46 130 £96%
AAA | Mbps, S0pc duty cycle)
Y | 116 | 6496 | 1574 130.0
= Z | 120 | ©434 | 1517 130.0
10573 I'EEE B02.11b WIFl 2.4 GHz (DSSS, 55 X 092 71.08 1674 046 1300 +96%
AAA Mbps. $0pc duty cycle)
Y 1.60 8235 2216 130.0
p 4 127 7489 1833 130.0
10574 IEEE 802.11b WIFi 2.4 GHz [DSSS, 11 X 114 67,38 16.60 0.46 1300 $96%
AMA___| Mbps, 90pe duty cycie)
Y 125 70.54 18.86 130.0
2 1.26 68.73 17.31 130.0
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10575- IEEE 802.11g WiFi 2.4 GHz {DSSS- X | 465 6627 16.06 046 1300 £98%
AAA OFDM, 6 Mbps. 80pc duty cycle)

Y 4.52 66.68 16.26 130.0
2 474 66.30 16.19 150.0
10576~ IEEE 802 11g WiFi 2.4 GHz (DSSS- X 468 66.43 1813 0.48 130.0 £96%
AAA OFDM. 9 Mbps. 90pc duty cycle)
Y 4.55 66.87 16.35 130.0
Z A77 £6.46 16.26 130.0
10577 IEEE 802 11g WiF| 2.4 GHz (DSSS- X 4.90 66.76 18.32 046 130.0 +96%
AAA OFDM, 12 Mbps. 90pe duty cyele)
Y 473 87.13 18.50 130.0
Z 500 66.79 18.44 130.0
10578- IEEE 802.11g WiFi 2.4 GHz (DSSS- X 479 86.91 1641 0.4 130.0 +06%
AAA QOFOM, 18 Mbps, 90pe duly cychis)
Y 463 67.30 16.62 130.0
Z 489 66.95 16.54 130.0
10579- IEEE 802.11g WiFi 2.4 GHz (DSSS- x 455 66,17 1570 D48 1300 =968%
AAA OFDM, 24 Mbps. 80pc duty cycle)
Y | 433 | 8847 | 1566 130.0
Z 4.66 66.28 15.87 130.0
10580- IEEE 802.11g WiFi 2.4 GHz (DSSS- x 459 66.17 1570 046 1300 =06%
AAA OFDM. 36 Mbps. 90pc duty cycle)
Y 447 68.52 15.88 130.0
Z | a7 6626 | 15.87 130.0
10681- IEEE B02.11g WIFI 24 GHz (DSSS- x 468 88.93 16.34 046 130.0 06%
AAA OFDM, 48 Mbps. 90pc duty cycle)
Y 454 67.35 16.58 130.0
z 479 | 66899 | 1647 130.0
10582- |EEE 802,11g WiFi 2.4 GHz [DSSS- X 450 6591 1648 046 30.0 206%
AAA OFDM, 54 Mbps, 90pe duty cycse)
¥ 4.31 86.20 15,62 130.0
- Z | a2 6603 | 1567 130.0
10583~ |IEEE 802.11a/h WiFi 5 GHz (OFDM, 6 X 485 66.27 16,06 046 130.0 286%
AAA Mbps, 80pe duly cycle)
Y 4.52 66.68 .26 130.0
r4 4,74 66,30 p 130.0
10584- IEEE 802.11ah WiFi 5 GHz (OFDM, 8 X 468 66,43 K 046 1300 | £96%
AAA Mbps. 80pc duty cycie)
Y 4,55 66.87 16.35 130.0
r4 477 66,46 16.26 1300
10565~ IEEE 802, 11ah WiF| 5§ GHz (OFDM, 12 X 490 66.76 1632 0.46 1200 +86%
AAA Miips, 90pc duty cycie)
Y 473 67,13 16.50 130.0
o Z 5.00 66.79 16.44 130.0
10586~ {EEE 802 11am WiFi 5 GHz (OFDM, 18 X 479 66.91 1641 048 30.0 +06%
AAA Mbps, 90pc duly cycle)
Y 4.63 67.30 | 1662 130.0
Z 489 88.55 16.54 300
10587- IEEE 802 113/ WiFi 5 GHz [OFDM, 24 x 455 60.17 1570 046 30.0 +96%
AMA Mbps, 90pc duty cycle)
Y 4.38 66.47 15.86 130.0
Z 4.66 69.28 15,87 130.0
10598- IEEE 802 11a/h WIFi 5 GHz (OFDM, 36 X 459 68.17 1570 046 130.0 296 %
ARA___ | Mbps, 90pc duty cycln)
Y 4.42 66.52 15.88 130.0
Z 4.7 66.26 15.87 1300
10589- IEEE B02.11a/h WiFi 6 GHz (OFDM, 48 X 468 6693 16.34 GA46 1300 296%
AAA Mbps, 80pc duty cycle)
Y | 454 67.35 | 16.58 130.0
4 479 66.99 A7 1300
10560- IEEE 802,11ah WiFi § GHz (OFDM, 54 X 450 6591 3.48 0.46 1300 296 %
AAA Mbps. 90pc duty cyda)
Y 4.3 66.20 15.62 1300
Z 462 66.03 16.67 130.0
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10591~ IEEE 802 11n (HT Mixad, 20MHz, X 4.81 £6.36 1616 0.46 1300 | £96%
AAR MCS0, 80pc duty cycle}

Y 467 86.76 16.38 130.0

2| 4% | 6639 | 1631 1300
10592- |IEEE 802.11n (HT Mixed, 20MHz, X 4.97 86.70 16.31 0.48 1300 | £96%
AAA MCS1, 80pc duty cycle)

Y 481 87.07 16.51 130.0

4 507 66.73 16.43 1300
10583~ |IEEE 802,1n (HT Mixed, 20MHz, X 489 66.61 16.98 046 1200 | £56%
AAA MCS2

Y 472 65.95 1837 30

Z | 46 | 8667 | 1633 130,
10594~ IEEE 802.11n (HT Mixod, 200z, X 405 €6.78 16.35 048 300 £96%
AAA MCS3, 80pe duly cyle)

Y 478 67.54 16.54 130.0

Z 5.05 66.82 16.47 130.0
10585- IEEE 802,110 (HT Mixed, 200z, X 4.91 85.72 16.24 048 1300 | £886%
AAA MCS4, 80pc duty cycle)

Y 475 6703 1644 130.0

4 5.02 68.78 16.368 130.0
10596- IEEE 802.11n (HT Mixed, 20MHz, X 485 86.70 16.23 048 1300 | +98%
AAA MCSS. 80pc duty cyde)

Y | 468 | 6707 | 1643 30.0

Z 4.85 £68.78 16.36 30.0
10697~ IEEE 802.11n (HT Mixad, 20MHz. X 4.80 66.61 16,12 0456 1300 | £98%
AAA duty eycle)

Y 463 B66.95 16.28 130.0

Z 4.90 66.69 16.27 130.0
10596 IEEE 802.11n (HT Mixed, 20MHz. X 478 66.87 16.39 0486 130.0 £96%
AAA MCS7, 80pe duty cycle)

Y 4.62 67.21 16,56 130.0

Z | 488 | 8894 | 185 130.0 el
10599- VEEE 802.11n (HT Mixed, 40MHz. X 547 66.95 16.40 0.46 130.0 t98%
AAA MCS0, 90pe duty cycle)

Y | 531 67.15 | 16.54 30,0

= = Z | 556 | 6701 | 1652 300

10600- IEEE 8G2.11n (HT Mixud, 40MMz. X 5.59 67.31 1654 045 300 £36%
AAA MCS1. 80pc duty cycie)

Y | 540 | pr43 | 6.6 30,0

r4 573 67.50 16.74 30,0
10601- IEEE 802 11n (MT Mixed, 40MHz, X 549 B67.00 16.45 048 300 £96%
AAA | MCS2, 90pc duty cycie)

Y 5.32 57.28 18.60 1300

Z | 560 B7.21_ | 16,61 130,0
10602- IEEE 802 11n (HT Mixed, 40MHz, X 5.57 57.07 15.36 046 1300 | =96%
AAA MCS3, 90pe duty cyde)

Y 542 67.36 16.54 1300

Z | 569 | 6720 | 1652 130.0
10€03. |EEE 802 11n (HT Mixed, 40MHz2. X 567 B7.43 16,67 046 1300 | =968%
AAA MCS4, S0pc duty cyde)

Y 551 67.70 165.86 1300

Z | 579 | 6756 | 16.83 130.0
10604~ |EEE 802.11n (HT Mixed. 40MHz, X 5.47 66,90 16,40 046 1300 | =98%
ARA MCSS, 90pc duty cyce)

Y 538 67.34 16.66 130.0

Z | 557 | BeA8 | t8.53 130.0
10605- |EEE 802 11n (HT Mixéd, 40MHz, X 550 6715 16.51 046 1300 | =96%
AAA MOS8, 90pc duty cyde)

Y | 541 67.39 | 16.68 130.0

Z | 586 | 6723 | 16.66 130.0 ]
10606- IEEE 802 11n (HT Mixed, 40MHz, X 535 66.66 16,13 0.46 1300 | £96%
AMA MCS7, 90pc duty cycie)

Y 5.17 66.78 16.23 130.0

r4 545 66.75 1628 130.0
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mgr- IEEE B0Z T1ac WiFi (20Mz, MCS0, 463 | 6583 | 1578 | 046 | 1300 | =96%
$0pc duty cycie)

452 6611 | 1603 130.0
272 8564 | 1580 130.0
483 | 6604 | 1594 | 046 | 1300 | =98 %

10608- IEEE 802.11ac WiFi {20MHz, MCS1,
AAA 90pc duty cycse)

488 | 6647 | 1618 136.0

493 | €607 | 16.06 1300
10608- | IEEE 802.11ac WiFi (20MFz, MCS2, 471 | 6588 | 1578 | 046 | 1300 | =96%
AAA duty cyche)

457 | 0630 | 1600 130.0

481 | 6593 | 1591 130.0

a7r | &0

10610 | IEEE 802.11ac WiFi (20MHz, MCS3, 584 | 0A6 | 1300 | =96 %
duty cycle}

A | $0p0 duf

462 | 6647 | 1618 130.0

10611~ | [EEE 802.115¢ Wik (20MHz. NGSA. 468 | 6585 | 1570 | 046 | 1300 | 396%

AAA B0pe duty cycle)

2

66.27 16.02 130.0
479 65.92 15.93 130.0 =1
4,60 65.98 15.81 D46 1300 | 296%

10612- IEEE 802,11ac WiFi (20MHz, MCS5,
AAA 90pe duty cycle)

453 | 6640 | 1608 130.0

480 | 6604 | 1595 | | 1300
10613- | IEEE 802.11ac WIFI (20MHz, MCS6, 470 | 6586 | 1571 | D46 | 1300 | +86%
ADA 90pc duty cyde)

453 | @624 | 1591 1300

481 | 6597 | 1588 130.0

10614- IEEE 802.11ac WIF] {20MHz, MCET,

464 | 6608 | 1585 | 046 | 1300 | +96%
AAA 90pc duty cyce)

449 66.48 16.18 130.0
g 66.15 16.09 130.0
10615- |EEE 802.11ac WiFi (20Miz, MCSE, 468 £5.68 1555 046 130.0 +906%
AAA | 90pc duty cydie)
453 | 6608 | 1578 )
4.79 8573 15.70 130,
10616- |EEE B0Z2.11ac WiFi (400MHz, MCSO, 528 66.20 16.01 046 a0, £08%

AAA 80pc duty cycle)

10617~ IEEE 802,172 WiFi (40MHz, MCS1, :SJ 66.30 6.02 046 1300 | +986%

AAA 90pt: duty cycle)

10618- IEEE 802.11ac WiFi {40MMz, MCS2, 5.23 66.35 16.07 0.48 1300 | +98% |

AAA 80pc duty cycie)

510 | 6667 | 1628 1300
53z | 6841 | 16.18 130.0
525 | 6647 | 1581 | 046 | 1300 | +96%

10619~ IEEE 802 11ac WiFi (40MHz, MCS3,
AA | 90pc duy cycle)

i<l xnl<] xlni<| el ximi=|  xINI=|  xIN|<] XN XIN|<T XN NI XN XNl XN XINI<] XN X
-~
N

11 665.44 16.10 130.0
35 | 6824 | 1604 130.0
10620- | [EEE 802,118 Wil (40MHz, MCS4, 35 | 6825 | 1600 | 046 | 1300 | =96%
AAA 80pc duty cycle)
19| 6646 | 16.1¢ 130.0
46 66.35 | 16.1 150.0 o
10621- | IEEE 802,112c WIF| (#0MHzZ, MCS5, 36 | 6638 | 1619 | 046 | 1300 | =96%
AAA 90pc duty cycle)
521 66.65 37 130.0
4 6643 | 16.30 130.0 T
10622- | [EEE 802.11ac WIFI (40MHz, MCS6, 34 66 AT 22 | 046 | 1300 | 96 %
AAA 90pc duty cycia)
520 | 6674 | 1641 1300
5.43 6652 | 16.33 1300
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10623~ | IEEE 802.118C WiFi (40MHz, MCS?, X | 523 6604 | 1588 | 046 | 130.0 | £96%
AAA 90pc duty cycle)

Y .08 6.29 | 16.05 30.0
4 .33 6612 | 16.02 30,0
10624- IEEE 802.11ac WiF) (40MHz, MCS8, X 42 8524 | 1605 | 046 300 | z06%
AAA 90pc duty cycle)
Y 28 @50 | 16.22 130,0
Z 52 8630 | 1617 130.0
10625 IEEE 802.118c WiFi (40MH2, MCS9, x T 6714 | 1655 | 046 | 1300 | 296%
AAA 90pe duty cycle)
¥ 548 67.00 | 16563 130,
4 5.68 6723 | 1668 130,
10628 IEEE B02.115¢ WiF| (BOMHz, MCS0, x 5.56 6629 | 1588 | 046 130, +96%
AR 90pc duty cycle)
Y| 546 | 8654 | 16.15 130.0
Z | 583 88.32 | 1609 130.0
10627- IEEE 802.11ac WiFi (B0MHz. MCS1, X | 578 66.76 | 16.17 | 048 | 1300 | 296 %
AMA 90pe duty cycle)
Y 566 67.01 | 1638 1300
4 587 8582 | 1629 130.0
10628. | IEEE B02.11ac WiF) (BOMHzZ, MCS2, X 5.60 6638 | 1592 | 046 | 1300 | =96%
ARA S0pc duty cydle)
Y 548 66,53 05 130.0
I Z .69 86,47 05 130.0
10629- | IEEE B0OZ.11ac WiF| (BOMHZ MCSa, X ) 66.48 1596 | 046 | 1200 | 206%
AAA Spc duly cycle)
Y | 554 66.60 | 18,08 130.0
Z | 578 66.54 | 16.08 130.0
10630 | IEEE 802 11ac WiF) (80MHz, MCS4, X | @06 6773 | 1658 | 046 | 1300 | =96%
ARA $0pc duty cycle)
Y .78 B7.53 | 1654 130.0
Z | B2¢ BB.07 | 16.84 130.0
10631 |EEE 802 11ac WIFi (80MHz, MCS5, X | 6oz 6775 | 1673 | 046 | 1300 | =96%
AAA 90pc duty cyce)
Y 5.80 67.70 | 16.83 0.0
Z 516 6764 | 1696 0.0
10632 | IEEE 802 11ac WIF| (80MHz, MCS5, X 577 6689 | 18.38 | 048 300 | =08%
AAA S0pc duty cycie)
Y 65 67.14 | 1657 130.0
Z 66 6683 | 1648 130.0
10633- | JEEE 802.11ac WIiFi (80MHz, MCS7, X BE 6658 | 1605 | 046 | 1300 | =86%
AAA 80pa duty cycie)
Y | 553 56.74 | 16.10 130.0
= —— Z! 570 6672 | 16.20 130.0
10634- | IEEE 802.11ac WiFI (B0MHz, MCS8, X | 586 8662 | 1613 | 046 | 1300 | +96%
AAA 90pc duty cycie)
(s 5.63 6681 | 16.28 130.0
= Z 877 572 | 16.28 120.0
;Moes& |EEE 802.11a¢ ;NFI (BOMHz, MCS9, X 5.65 6594 | 1552 | 046 | 1300 | +66%
90pc duty cycle
Y| 538 €605 | 1562 130.0
Z | 565 €6.08 B7 130.0
10638- | IEEE 802.11ac Wik (160MHz, MCS0, X | 587 0668 | 1608 | 048 | 1200 | +96%
AAB 90pc duty cycle)
Y | 581 6688 | 1623 130.0
2] 804 86.72 | 16.19 130.0
10637- | IEEE 802.11ac WiFi (100MHz, MCS1, X1 &n 6701 | 1623 | 046 | 1300 | +96%
AAB 90pc duty cycle)
Y| 800 57.18 | 1837 130.0
2] 620 i7.09 | 16.35 1300
10638- | IEEE 802 11ac Wi (160MHz, MCS2, X 6n 6699 | 1620 | 046 | 1300 | 296%
AAB duty cycle)
Y | 601 67.20 | 16.35 130.0
Z | 820 67.06 | 1632 1300
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10839- | IEEE 802 11ac WiFi [160MHz, MCS3,

611 | 6693 | 1625 | 046 | 1300 | 296%
AAB S0pc duty cycle)

88| 67.34_| 1637 130.0
20 | 67.00 | 1638 130.0
A1 | 67.00 | 16,18 | 0A6 | 1300 | £96%

10640- | IEEE 802 11ac WiFI (160MHz, MCS4,
- 99pc duty cycle)

5.97 67.10 16.20 1300
67.13 16.34 130.0
5.14 66,85 1613 G486 130.0 288 %

..§...

10641- EEE 802.11ac WiFi ($60MHz, MCS5,
AAB S0pc duty cyck)

§03_| 6704 | 1628 150.0
8691 | 1625 130.0
10642. | IEEE 802 118c WiFl (160MHz, MCS®, 621 | 6713 | 1648 | 046 | 1300 | 296%
AAB | 90pc duty cycke)
808 | 6734 | 1680 300
630 | 6726 | 1650 30.0
10643- | IEEE 802 11ac WiFi (160MHz, MCST, 803 | 6681 | 1618 | 046 | 1300 | £96%

AAB S0pe duty cycie)

5.91 65,97 16,31 130.0
.12 66.91 16.31 130.0
a8 6734 1648 048 1300 96 %

MWin|=C| XN XIN|<| XINI<| XIN|<| X

10644 | |EEE B02.17ac Wirl (160MHz, MCS8,
S0pc duty cycle)

AAB Clipping 44%)

4.04 6639 16.60 ED.0
4.46 ©6.56 16.82 B0.0
410 6542 16.26 223 8.0 296%

10654- | LTE-TDD (OFDMA. 15 MHz, E-TM 3.1,
AAB Clipping 44%)

4.04 66.01 16.60 80.0
4.40 66.25 16.82 B0.0
415 6545 1631 223 800 +96%

10655- | LTE-TDD (OFDMA, 20 MHz, E-TM 31,
AAB Clipping 44%)

4.10 65.96 16.63 80.0
446 66.30 16.36 80,0

Y 6.01 67.30 16.49 130.0
Z | 633 | 67,53 | 1665 130.0
}&%45- IEEE B02 118 Wi (160MHz, MCS9, | X | 658 | 6803 | 1675 | 046 | 1300 | 296%
| 90pc duty cycle)
Y 6.10 57.22 641 130.0
Z | 660 | 6805 | 1685 130.0
10646 | LTE-TDD (SC-FDMA, 1 RB, 5 MHz. X | 1416 | 10058 | 3372 | 830 | 600 | t986%
AAD QPSK, UL Subframe=2.7)
Y | 1639 | 10936 | 37.64 0.0
Z | 2810 | 11477 | 3850 50,0
10B47- | LIE-TDO (SC-FOMA, 1 RB, 20 MHZ X | 1281 | 9884 | 3331 | 930 | 600 | t96%
AAC QPSK. UL Sublame=2.7)
¥ | 1355 | 10558 | 3660 60.0
Z | 2578 | 113.54 | 3828 60.0
10648~ | COMAZ0G0 (1% Agvanced) X | 068 | 6237 | 1024 | 000 | 1500 | +96%
AAA
Y| 081 | 8294 | 990 1500
Z | _071_| 6250 | 1056 150.0
10662- | LTE-TDD (OFDMA, 5 MHZ E-TM3.1, | X | 358 | 6599 | 1588 | 223 | 800 | £96%
AAB | Cipping 44%)
Y| 354 | G719 | 1648 80.0
- Z 383 67.04 16.69 80.0
10653 | LTE-TDD (OFOMA, 10 MHz, ETM31. | X | 412 | 6570 | 1625 | 223 | 800 | £06%
Y
z
X
Y
z
%
%
z

' Uncartainty ts determined using the max. dewiaticn fram iinear resp Bpplying gular distribution and s expressed for the squam of the
finid value
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Calibratlon Laboratory of \s\\\\,‘/‘ S v, S Schwelzerischer Kalibriordienst
Schm{d & Partner % ¢ Service suisse détalonnage
Engineering AG b Servizio svizzero di taratura
Zeughausstrasse 43, BIOA Zurich, Switzeriand '-4,,7—\\\\‘.\? S Swiss Calibration Sarvice
N M

Accradited by the Swins Accraditation Secvice {SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of callbration certificates

Accreditation No.: SCS 0108

cient  HCT (Dymstec) Centificate No: DB35V2-441_Sep17
CALIBRATION CERTIFICATE
Obgect D835V2 - SN:441
Calbration procedurais) QA CAL-05.v8 !
Calibration pracedure for dipole validation kits above 700 MHz
Cadbration dae: September 21, 2017

Cadbration Equipment used (MATE crilical for calration)

This cadbration canificate documents the traceability 1o nasional standards, which realze the physical units of moaswemants (S1)
The measurements and Ihe uncarairties with confidence probabilty are given on the following pages and are pan of e cembcate.

AR callbvations have been canducted In the closed laboratory tacilty: anvironmant temperature (22 = 3)°C and humidity < 70%

Primary Standards lID# Cal Dae (Cortificato No ) Scheduled Calbration

Power mater NA® | sn: 104778 04-Apr17 (No. 217-02521/02522) Apr18

Power sansor NRP-281 SN 103244 04-Apr-17 (No. 217-02521) Apr-18

Powne 3ansor NAP-281 SN: 103245 04-Apr-17 (No. 217-02522) Apr18

Aeference 20 UB Attanustor SH: 5058 (20K) 07-Apr-17 (No. 217-02528) Ape-18

Type-N mismaich combnation SN: 5047.2/ 06327 TT-Ape-17 (No. 217-08529) Apr-18

Aelerence Probe EXIDVE SN: 7349 31-May-17 (No. EX3-7329_May17) May-18

DAEA SN: 601 25-Mar-17 (No. DAE4-601_Mart7) Mar-18

Secondary Standards 0 * Check Date (in house) Scheduled Chack

Power meter EPM-4424 SN: GBIT480704 07-0ct-15 (In housa check Oct-18) In housa check: Oct-18

Powsr sansor HP 8481A SN: LISarzazrey 07-0ct-15 (I house check Oct-18) In house chack: Oct-18

Powee sansor HP 8481A SN: MYa1092317 07-0ct-15 (In house check Oct-16) In house check: Oct-18

FIF genersicr RS SMT-08 SN: 100972 15-Jun-15 (in house check Oct-16) in house chack: Oct-18

Network Analyzar HP 8753E SN: USS7390665 18-0ct-01 (In hause check Oct-18) In houss chack: Oct-17
Name Function Signature

Caibrated by: Michas! Webar Laboratory Techrcian M

Approved by: Katji Pokavic Technioal Manager /M'

lssued Septembar 21, 2017

This cabtiration cedificate shall not be repreduced axcept in full without weittan approval of the laboratory,

Cortificata No: DB35V2-441_Sep17?

Pago 1 of 8

F-TP22-03 (Rev.00)

HCT CO.,LTD.



| |
ha FCC ID: ZNFX210JM Report No: HCT-SR-1806-FC002-1

HCTCO,LTD.

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughsusstrasse 43, B004 Zurich, Switzertand

S Sohweizerischer Kalibrierdienst
c Service sulsse détalonnage
s Servizio svizzero di taratura

Swiss Cafibration Service
Accredited by the Swiss Accredtation Service (SAS) Accreditation No,: SCS 0108
The Swiss Accroditation Service is one of the signatories to tho EA
Multiloteral Ag: t for the gnition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, June 2013

b) IEC 62209-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices usad next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

= Feed Point Impedance and Retumn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

s SAR measured: SAR measured at the stated antenna input power.

* SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector,

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Codificate No: DB35V2-441_Sep17 Page2cl8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52,100
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Canter - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, d2 =5 mm
Frequency 835 MHz = 1 MMz
Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 415 0.90 mhoim
Measured Head TSL parameters (220+02)"C 409+6% 0.83 mho/m + 6 %
Head TSL temperature change during test <058"C -
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.41 Wikg
SAR far nominal Head TSL parameters normalized to 1W 9.38 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm?® (10 g) of Head TSL condition
SAA measured 250 mW Input power 1.55 Wika
SAR for nomenal Head TSL parameters normalized to 1W 6.07 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were appliad.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.87 mho/m
Measured Body TSL parameters (220 £0.2)°C 553+6% 0.88 mho/m + 6 %
Body TSL. temperature change during test <05°C e —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.37 Wikg

SAR for nominal Bady TSL parameters

normalized to 1W

9.41 Wikg = 17,0 % (k=2)

SAR averaged over 10 ecm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.55 Wrkg
SAR lor nominal Body TSL parameters normalized 10 1W 6.16 W/kg = 16.5 % (k=2)

Caentificate No: DB3SV2-441_Sep17
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.1Q-231Q
Retumn Loss -321dB

Antenna Parameters with Body TSL

Impedance. transformed to feed point 4760-50/Q
Retum Loss -249d8B

General Antenna Parameters and Design

| Electrical Delay (one direction) [ 1.371 ns

Alter long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semingid coaxial cable, The center conductor of the feeding line is directly connected to the
second am of the dipole, The antenna is therefore shont-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when Inadad according to the position as expiained in the
"Measurement Conditions” paragraph. The SAR data are not affectad by this change. The overall dipole length fs still
according to the Standard.

No excessive force must be applied 1o the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.
Additional EUT Data
Manulactured by SPEAG
Manulactured on March 09, 2001
Cenificate No: DE35V2-441_Sep17 Pagedol 8
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DASYS5 Validation Report for Head TSL

Date: 21.09.2017
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz: Type: D835V2; Serial: D835V2 - SN:441

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; o = 0.93 S/m; & = 40.9; p = 1000 ke/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07): Calibrated: 31.05.2017:
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 28.03.2017
» Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA: Serial: 1001

» DASYS252.10.0(1446), SEMCAD X 14.6.10(7417)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 62.34 V/m; Power Drift =-0.08 dB

Peak SAR (extrapolated) = 3.75 Wikg

SAR(1 g) = 2.41 W/kg; SAR(10 2) = 1.55 W/kg

Maximum value of SAR (measured) = 3.28 W/kg

dB
0

-2.40
-4.80
-1.20
-9.60
-12.60

0dB =328 W/kg=5.16 dBW/kg

Certificate No; D835V2-441 Sept7 Page 5ol 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 21.09.2017
Test Laboraory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:441

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: = 835 MHz; 0 = 0,98 S/m; & = 55.3: p = 1000 kg/m’
Phantom section; Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI €63,19-2011)

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.2, 10.2, 10.2); Calibrated: 31.05.2017:
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 28.03.2017
» Phoentom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA: Serial: 1005

« DASY5252.10.0(1446); SEMCAD X 14.6.10(7417)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=53mm, dy=5mm, dz=5mm

Reference Value = 59.66 Vim; Power Drift =-0.09 dB

Peak SAR (extrapolated) = 3.57 Wike

SAR(1 g) = 2.37 W/kg; SAR(10 g) = 1.55 Wikg

Maximum value of SAR (measured) = 3.12 W/kg

dB
0

2.40
| -4.80
-7.20
-9.60
12.00

0dB =312 Wikg =494 dBW/kg

Certificate No: D835V2-441_Sep17 Page 7of 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of s, Sutidbakonec i
Schmid & Pariner % YN S ccesime d'étalonnage
Engineering AG D 2 C' geuviiosviizers di taratura
Zoughausstrasse 43, 8004 Zurich, Switzoriand "mv ‘\‘ b~/ S Swiss Calibration Service

Accredited by the Swiss Accroditation Service (SAS)
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
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Primary Standards De Cal Date (Centificate No ) Schedued Calibration

Power mater NRP SN 104778 O4-Apr-17 (No. 217-02521/02522) Apr-18

Power s2nsor NRP-291 SN: 103244 O&-Ape-17 (No. 217-02521) Apr-18

Power sansar NRP.Z81 SN: 103245 O4-Apr-17 (No. 217-02522) Apr-18

Rederence 20 dB Attanuator SN. 5058 (20k) O7-Apr-17 (No. 217-02528) Apr18

Type-N mismatch combington SN. 5047.2 7 08327 O7-Apr-17 (No. 217.02529) Apr18

Rederence Probe EXIOV4 SN: 7348 30-0ec-17 {No. EX3-7349_Dect7) Dec.18

DAE4 SN 801 26-0ct-17 (No. DAEASN_Cen?) Oct.18

Secondary Standards Dw Check Dals (n houss) Scheduled Check

Powar meter EPM-442A SN: GB3I74B0704 07.Cct-15 (in house check Oct-18) In house check: Cct-18

Fowar sensar HP 8431A SN, US37292783 07-Cres-15 (in housa check Oct-16) in housa chack: Oct-18

Powar sensar HP 8481A SN: MY41092317 07.0ct-15 (in house check Oct-18) In house check. Oct-1B

RF genarstor RAS SMT.08 SN, 100972 15Jun-15 (in house check Oct-18) in house check: Oct-18

Natwork Anslyzer HP 8763E SN: US37300685 18.0ct-01 (In house check Oct-17) In house chack: Ocs-18
Name Function
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, “IEEE Recommendad Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

¢) IEC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 8 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed Point Impedance and Retumn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures fow
reflected power. No uncertalinty required.

» Electrical Delsy: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

* SAR measured: SAR measured at the stated antenna input power.

* SAR normalized: SAR as measured, normalized to an input power of 1 W al the antenna
connector,

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement Is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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FCC ID: ZNFX210JM

Report No: HCT-SR-1806-FC002-1

Measurement Conditions

DASY system configuration. as far as not given on page 1.
DASY Version DASYS V52.10.0
Extrapolation Advancad Extrapolation
Phantom Modular Flat Phantorn
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy,dz = Smm
Frequency 1900 MHz 1 MHz
Head TSL parameters
The following parameters and caiculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°'C 40.0 1.40 mhoim
Measured Head TSL parameters (220202)°C 405+6% 1.37 mha/m + 6 %
Head TSL temperature change during test <05°C _ —
SAR resuit with Head TSL
SAR averaged over 1 cm’® (1 g) of Head TSL Candition
SAR measured 250 mW input power 9.88 Wikg
SAR for nominal Head TSL parameters normalized to 1W 40.1 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW Input powes 5.18 Wikg
SAR for nominal Head TSL parameters normalized to 1W 21.0 Wikg £ 16.5 % (k=2)

Body TSL parameters
The foliowing parameters and calculations were applied.
Tomperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.562 mho/m
Measured Body TSL parameters (220202)°C 55226% 1.47 mho/m & 8 %
Body TSL temperature change during test <05°C —_ —_
SAR result with Body TSL
SAR averaged over 1 ¢cm” (1 g) of Body TSL Condition
SAR measured 250 mW input power 0.84 Wikg

SAR for nominal Body TSL parameters

normailzed (o 1W

39.6 Wikg £ 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

5.14 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

20.9 Wikg £ 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5140+82|0
Returmn Loss ~240dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4770+49j0
Retum Loss -2514d8B

General Antenna Parameters and Design

| Esectrical Delay (one direction) | 1,194 ns |

After long term use with 100W radiated powaer, only & sight warming of the dipole near the feedpoint can be measured,

The dipole is made of standard semirigid coaxial cable, The center conducior of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added (o the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurament Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according 1o the Standard

No excessive force must be applied to the dipoje arms, because they might band or the soldered connections near the
feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
Manufactured on December 10, 2004
Cartificate No: D1900V2-54061_Mar18 Page 4 of 8

F-TP22-03 (Rev.00) HCT CO.,LTD.



| |
ha FCC ID: ZNFX210JM Report No: HCT-SR-1806-FC002-1

HCTCO.,LTD.

DASYS5 Validation Report for Head TSL
Date: 15.03.2018

I'est Laboratory: SPEAG, Zurich, Switzeriand
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d061
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: = 1900 MHz; o = 1.37 S/m; & = 40.5; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASY5 (IEEE/AEC/ANSI C63.19-2011)
DASYS52 Configuration:

» Probe: EX3DV4 - SN7349; ConvF(8.18, 8.18, 8.18); Calibrated: 30.12.2017:

« Sensor-Surface: 1.4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated; 26.10,2017

» Phantom: Flat Phantom 5.0 (front}; Type: QD 000 PSO AA; Serial: 1001

« DASYS2 52.10.0(1446); SEMCAD X 14,6.10(7417)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 107.8 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 18.3 Wikg

SAR(1 g)=9.88 W/kg; SAR(10 g) = 5.19 W/kg

Maximum value of SAR (measured) = 15.1 W/kg

-3.40
-6.80
-10.20
-13.60

-17.00

0dB =151 Wkg=11.79 dBW/kg

Certificate No: D1900V2-54061_Mar18 Page 50f 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 15.03,2018
lest Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d061
Communication System: UID 0 - CW; Frequency: 1900 MHz )
Medium parameters used: = 1900 MHz; o = 1.47 S/m; &, = 55.2; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS2 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.15, 8.15, 8.15); Calibrated: 30.12.2017:
» Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 26.10.2017
» Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

= DASYS52 52.10.0(1446); SEMCAD X 14.6,10(7417)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5Smm

Reference Value = 101.9 V/m; Power Drift = -0,04 dB

Peak SAR (extrapolated) = 17.1 W/kg

SAR(] g) = 9.64 W/kg; SAR(10 g) = 5,14 Wikg

Maximum value of SAR (measured) = 13.9 W/kg

-3.40
-6.80
-10.20
-13.60

-17.00

0dB = 13.9 W/kg = 11.43 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accrediied by Ihe Swiss Accradgabon Seevice (SAS)
The Swiss Accreditation Sorvice is one of the signatories to the EA
Muftilsteral Ag for the gnition of calibration certificates

CALIBRATION CERTIFICATE

Onjsct

Accreditation No.: SCS 0108

Certificsta No: D2450V2-965 Feb18

D2450V2 - SN:985

Callbration procedure(s)

QACALGEND. i i T
Calibration procedure for dipole validation kits above 700 Mz

Caiibration date; February 16, 2018 ‘

Thez calibration carificate documents the traceability to national standards, which realize the physical units of measuements 31
Ther s and the L intias with confidancs probability are given cn the following pages and are part of the cenfficate.

Al calibeations have been condactad in the closad lboratory leclity: eavironment femparature (22 « 3)°C and humidly < 70%

Callbration Equipment used (MBTE critical for calibraticn)

Primasy Standarcs ID# Caé Date (Caniticate No.) Schedusad Calloration

Power meder NAP SN: 104778 04-Apr-17 (No. 217-0252102522) Apr-18

Power sensor NRP-Z61 SN: 103244 04-Apr-17 (No. 217-02521) Apr-18

Power sansor NRP-Z81 SN: 103245 04-Apr-17 (No. 217-02522) Apr-18

Releronco 20 dB Attanuator SN: 5056 (20&) O7-Apr-17 (No. 217-02528) Apr-18

Typo-N mismatch combnation SN: 5047 2/ 08327 O7-Apr-17 (No. 217-02529) Ape-18

Roforence Probe EX30V4 8N: 7542 30-Doc-17 (No. EX3:7340_Dac17) Dec-18

DAE4 SN: 601 26-0ct17 (No. DAE4-601_Octi7) Oct-18

Secondary Standards 1D # Chock Data (n house) Scheduled Check

Power meler EPM-4424 SN: GB37480704 07-Cct-15 {in house chock Oct-16) In house check: Ocl-18

Power sensor HP 8481A 8N: US37292785 07-0ct-15 {In house chack Oct-18) In house check: Oct-18

Power sansoe HP 84814 SN MY41092317 07-Cct-15 {in house check Oct-16) In house check: Oct-18

FF genersior AAS SMT-06 SN: 100072 15-Jun-15 (i hause check Oct-16) In house check: Oct-18

Network Anatyzar HP 8783E 8SN: US37390585 18-Oct-01 {in house check Oct-17) In house check: Oct-18
Name Functicn nature

Callbratod by: Michae Webeor |aboratory Technician %w-

Approved by: Katja Pokavie Techrical Manager

e

I1ssued: February 19, 2018

This cadbration certificate shal not ba reproduced except in full withoul written appraval of the labormtory.
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FCC ID: ZNFX210JM

Report No: HCT-SR-

1806-FC002-1

HCTCO,,LTD.
Calibration Laboratory of S, S Schweizerischer Kalibriordionst
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG = Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzarland TN S swiss Calibration Service

Accradited by the Swiss Accreditation Senvice (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA

Muitilaternl Agr L for the recognition of calibration cerfificstes
Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

Accreditation No.: SCS 0108

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate
{(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of

300 MHz to 6 GHz)", July 2016

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30

MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented

parallel to the body axis.

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantomn. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low

reflected power. No uncertainty required.

* Electrical Delay: One-way delay between the SMA connector and the antenna feed point.

No uncertainty required.

SAR measured: SAR measured at the stated antenna input power,
SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna

connector.

= SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the

nominal SAR result.

probability of approximately 95%.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage

Centificate No; D2450V2-965_Feb18 Page 20l 8
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FCC ID: ZNFX210JM Report No: HCT-SR-1806-FC002-1

Measurement Conditions

DASY system configuration, as [ar as not given on page 1.
DASY Version DASYsS V52.10.0
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacar
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following paramaters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 382 1.80 mho/m
Measured Head TSL parameters (22.0+0.2}°C 378+6% 1.87 mhoim =26 %
Head TSL temperature change during test <05°C - —_
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measurad 250 mW input power 13.1 Wikg
SAR for nominal Head TSL parameters normalized to 1W 51.1 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.07 Wikg
SAR for nominal Head TSL parameters nommalized to 1W 23.9 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and caiculations were applied,
Temperature Permittivity Conductivity
MNominal Body TSL parameters 220°C 827 1.95 mho/m
Measured Body TSL parameters {220=202)"C 514+6% 2.04 mho/m =6 %
Body TSL temperature change during test <05°C eee —
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.9 Wikg
SAR for nominal Body TSL parameters normalized to 1W 50.2 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.98 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23,6 Wiy = 16,5 % (k=2)

Certificate No: D2450V2-965_Feb18 Paga 3ol 8
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Appendix (Additional assessments outside the scope of SCS 01 08)
Antenna Parameters with Head TSL

Impedance, transformead to feed point 5490+4252

Retum Loss -242d8

Antenna Parameters with Body TSL

Impedance, transformed o feed point 5090+63|Q
Return Loss -240d8

General Antenna Parameters and Design

| Electrical Delay (ane direction) ] 1.183 ns B

After long term use with 100W radiated power, only & slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard seminigid coaxial cable. The center conductor of the feeding line is diractly connected to the
second arm of the dipofe. The antenna is tharefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arms in order to imprave matching when loaded according to the pasition as explainad in the
"Measurement Conditions® paragraph, The SAR data are not alfected by this change. The overall dipole length is still
according to the Standard,

No excessive force must be applied 1o the dipole arms, because thay might bend or the soldered connections near the

feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manufactured on November 19, 2014
Certificate No: D2450V2-865_Feb18 Page 4 of 8
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DASYS Validation Report for Head TSL

Date: 16.02.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 965

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f= 2450 MHz; o = 1.87 S/m; & = 37.9; p = 1000 ke/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.88, 7.88, 7.88): Calibrated: 30.12.2017;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 26.10.2017
+ Phanton: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

« DASY52 52.10.0(1446); SEMCAD X 14.6,10(7417)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 112.7 V/m: Power Drift = -0.05 dB

Peak SAR (extrapolated) = 26.2 W/kg

SAR(1 g) = 13.1 W/kg: SAR(10 g) = 6.07 W/kg

Maximum value of SAR (measured) = 20.7 Wikg

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =20.7 W/g = 13.16 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 16.02.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 965

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: = 2450 MHz; o = 2.04 $/m; g = 51.4; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANST C63.19-2011)

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(8.01, 8.01, 8,01); Calibrated: 30.12.2017;
= Secnsor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 26.10.2017
» Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA: Serial: 1002

=  DASYS52 52.10.0(1446); SEMCAD X 14.6.10(7417)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5Smm

Reference Value = 104.7 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 25.8 W/kg

SAR(1 g) = 12.9 W/kg; SAR(10 g) = 5.98 W/kg

Maximum value of SAR (measured) = 20.0 W/kg

dB
6

-5.00

-10.00
-15.00
-20.00

-25.00

0dB =20.0 W/kg = 13.01 dBW/kg
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Accreditation No.: SCS 0108

Client  Dymstec Certificate No: OCP-DAKS-1031_Apri18
CALIBRATION CERTIFICATE

Otject DAKS-3.5 - SN: 1031

Callbration procedure(s) QA CAL-33.v2 _ ,

Caiation date April 17, 2018

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI1)
The measurements and the uncerainties with confidance probabiity are given on tha following pages and are part of the cenlificate

AR calibrations have baen conducied in the closed laboratery faciity: environment temperature (22 + 3°C and humicity < 70%,

Calibration Equipment used (M&TE critical for calibraticn)

| Primary Stardards D# Cal Date (Certdicate No) Schaduled Casbration
OCP DAK-3 5 (wexghited) SN: 1249 10-Oct-17 (OCP-DAK3. 5-1248_Oct17?) Oct-18
| Secondary Standards D# Check Date (n house) Scheduied Check
Rohde & Schwarz ZVASD To170 6-Jun-17 (In house check Jun-17) Jun.18

Digital Thermometer DTM3000 2148 19-May-17 (DTM-2148_May17) May-18

Methanol 99.9% Type 34860 STBH4051 04-Apr-18 (bottle openad, chack Apr-18) Ape-19

Hoad Liquid, HBBL U16 17071441 25-Jul-17 (in house check Jul-17) Jul-18

0.1 moll. NaCl solution Type 35275 | SZBF3280V 20-Ape-17 (in house check Apr-17) Apr-18

0.05 moL. NaCl solution 1604131 20-Ape-17 (in house check Apt-17) Apc-18

Head Gel, SL AGH LO8 AB-B 150430 20:Ape-17 (in house check Ape-17) Apr-18

Seolid Substrate AK9 20-Ape-17 (in house check Apr-17) Apr-18

Name Function Signature

Calibrated by Michael Weber Laboratory Technician

Appraved by Katja Pokovic

L2

Issued: April 18, 2018
This caltation certificate shalf not be reproduced sxcept in full without written approval of the laboratory
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Description of the dielectric probe

Dielectric probes are used to measure the dielectric parameters of tissue simulating media in a wide
frequency range. The complex permittivity &, = (e'/eg) - j(£"/e0) is determined from the S parameters
measured with a vector network analyzer (VNA) with software specific to the probe type. The
parameters of interest e.g. in standards [1, 2, 3] and for other applications are presented are calculated
as follows:

(Relative) permittivity &' (real part of &, = (&'/eq) - j(£"/e0) where &, = 8.854 pF/m is the permittivity in free
space)

Conductivity o =2 1 f£" &,

Loss Tangent = (£"/&")

The OCP (open ended coaxial) is a cut off section of 50 Ohm transmission line, similar to the system
described in [1, 2, 3, 5], used for contact measurement The material Is measured either by touching the
probe to the surface of a solid/gelly or by immersing it into a liquid media. The electromagnetic fields at the
probe end fringe into the material to be measured, and its parameters are determined from the change of
the S,y parameters. With larger diameter of the dielectrics, the probe can be used down to lower
frequencies.

The flange surrounding the active area shapes the near field similar to a semi-infinite geometry and is
inserted fully into the measured lossy liquid.
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The probe is connected with a phase and amplitude stable cable to a VNA which is then calibrated with
Open, Short and a Liquid with well-known parameters.

All parts in the setup influencing the amplitude and phase of the signal are important and shall remain
stable.

Handling of the item

Before usage, the active probe area has to be cleaned from any material residuals potentially
contaminating the reference standards. The metal and dielectric surface must be protected to keep the
precision of the critical mechanical dimensions. The connector and cable quality are critical; any
movements between calibration and measurement shall be avoided.

The temperature must be stable and must not differ from the material temperature.

Methods Applied and Interpretation of Parameters

The calibration of the dielectric probe system is done in the steps described below for the desired
frequency range and calibration package (SAR/MRI liquids, Semi-solid/solid material). Because the
standard calibration in step 3 is critical for the results in steps 4 to 8, the sequence 3 to 8 is repeated 3
times. As a result, the result from these 3 sets is represented.

1, Configuration and mechanical / optical status.

2. Measurement resolution is 5 MHz from 10 to 300 MHz, 50 MHz from 300 to 6000 MHz and 250 MHz
from 6 to 20 GHz,

3. Standard calibration uses Air / Short / Liquid. 1 liter liquid quantity is used to reduce the influence the
reflections. The liquid type is selected depending on the lowest frequency and probe diameter:

DAK-1.2, DAK-3.5, Agilent OCP: de-ionized water (approx. 22 °C)
DAK-12: saline solution with static conductivity 1 S/m (approx. 22 °C)
NPL OCP: pure ethanol {approx. 22 °C)

4. The cable used in the setup stays in a fixed position, i.e. the probe is fixed and measuring from the
top in an angle of typ. 20° from the vertical axis. For DAK and Agilent probes, the refresh function
(air standard) is used previous to the individual measurements in order to compensate for possible
deviations from cable movements. After insertion of the probe into a liquid, the possible air bubbles
are removed from the active surface.

5. Measurement of multiple shorts if not already available from the calibration in the previous step
(NPL). Evaluation of the deviation from the previous calibration short with graphical representation of
the complex guantities and magnitude over the frequency range. Probe specific short is used. This
assessment shows ability to define a short circuit at the end of the probe for the VNA calibration in
the setup which is essential at high frequencies and depends on the probe surface quality.

6. Measurement of validation liquids in a quantity of 1 liter at well defined temperature. Evaluation of
the deviations from the target. The targets base on traceable data from reference sources. The
deviation of the measurement is graphically presented for permittivity and conductivity (for lossy
liquids) or loss tangent (for low losses at low frequencies).

7. Measurement of lossy liquids in a quantity of 1 liter at well defined temperature. Head tissue
simulating liquid or saline solution with 0.5 S/m static conductivity are representative, The target data
base on traceable data from reference sources or from multiple measurements with precision
reference probes or different evaluations such as transmission line or slotted line methods.
Evaluation of the deviation from the target and graphical representation for permittivity and
conductivity over the frequency range

8. Semi-solid / solid material calibration:

Measurements of an elastic lossy broadband semi-solid gel with parameters close to the head tissue
target. Measurements of a planar very low loss solid microwave-substrate. The average of 4
measurements of the same sample at different location is shown as a single result. The deviation of
the permittivity and conductivity from the reference data is evaluated.

Measurements of a planar very low loss solid microwave-substrate. The average of 4 measurements
of the same sample at different location is shown as a single result. The relative deviation of the
permittivity and the absolute deviation of the loss tangent is evaluated.

The targets base on multiple measurements (on the same material batch at identical temperature)
on convex and planar surfaces with precision reference OCP,
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The measurement on semi-solid / solid materials is sensitive to the quality and planarity of the probe
contact area, such as air gaps due to imperfect probes (resulting lower permittivity values),
9. Table for the probe uncertainty: The uncertainty of the probe depending on probe type, size, material
parameter range and frequency is given in a table. It represents the best measurement capability of
the specific probe but does not include the material (deviation from the target values).
10. Appendix with detailed results of all measurements with the uncertainties for the specific

measurement. In addition to the probe uncertainty (see above), it includes the uncertainty of the
reference material used for the measurement. A set of results from independent calibrations
represents the capability of the setup and the lossy materials used, inciuding the precision of the

measured material and the influence of temperature deviations. Temperature and operator influence

was minimized and gives a good indication of the achievable repeatability of a measurement.

11. Summary assessment of the measured deviations and detailed comments if not typical for the probe

type.

Dielectric probe identification and configuration data

Item description

Probe type OCP Open-ended coaxial probe

Probe name SPEAG Dielectric Assessment Kit DAK-3.5

Type No SM DAK 520 AA

Serial No 0010

Description Open-ended coaxial probe with flange
Flange diameter: 19.0 mm
Dielectric diameter: 3.5 mm
Material: stainless steel

Connector 1 N pos.

Software version

DAK Measurement Solver 2.4.0.814
Calibration Type: Air / short / water (set to measured water temp.)
Probe type: "DAK3.5" (software setting)

Further settings VNA bandwidth setting: 50 Hz
SCS 0108 Accessories used for customer probe calibration
Cable Huber & Suhner Sucoflex 404, SN: 4361, length 1 m,
PC3.5 neg. — PC3.5 neg.
Short DAK-3.5 shorting block, type SM DAK 200 BA

Contact area covered with cleaned Cu stripe

Additional items used duri

measurements

Adapter 1 PC3.5 pos. — PC2.4 (VNA side)

Adapter 2 PC3.5 pos. - PC3.5 neg. (probe side)

Adapter 3 N neg. — PC3.5 neg. (probe side, between probe and cable)
Notes

» Before the calibration, the connectors of the probe and cable were inspected and cleaned.
* Probe visual inspection: according to requirements
* Short inspection: according to the requirements
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Probe Uncertainty

The following tables provide material and frequency specific uncertainties (k=2) for the dielectric probe. The
values in the tables represent the measurement capability for the probe when measuring a material in the
indicated parameter range. They include all uncertainties of
e probe system
possible systematic errors due to the design

.
« calibration
.

temperature differences during the calibration and measurements, as described,

= VNA noise

Apart from the material used for the calibration (de-ionized water), material uncentainties of the reference
materials used during the measurement in Appendix A are not included in these tables.

DAK-3.5
Permittivity range Frequency range (sigma /LT range) Unc. (k=2)
1-15 10 MHz - 20 MHz -
20 MHz - 200 MHz -
200 MHz - 3 GHz LT<0.1 2.4%
3 GHz -6 GHz LT <0.1 2.0%
6 GHz - 20 GHz LT<0.1 2.1%
10-40 10 MHz - 20 MHz
20 MHz - 200 MHz -
200 MHz - 3 GHz sigma: 1-10S/m 1.9%
3 GHz -6 GHz sigma:1-10S/m 2.3%
6 GHz - 20 GHz sigma > 10 S/m 3.5%
35-100 |10 MHz-20 MHz -
20 MHz - 200 MHz s
200 MHz - 3 GHz sigma : 1—10 S/m 1.8%
3 GHz - 6 GHz sigma: 1~ 10 S/m 1.9%
6 GHz - 20 GHz sigma > 10 S/m 2.4%
Conductivity range (S/m) Frequency range (epsilon / LT range) Unc. (k=2)
1-10 10 MHz - 20 MHz -
20 MHz - 200 MHz
200 MHz - 3 GHz eps:35-100 2.7%
3 GHz - 6 GHz eps:35-100 3.0%
6 GHz - 20 GHz eps:10-40 3.0%
Loss tangent range Frequency range (epsilon / LT range) Unc. (k=2)
<01 10 MHz - 20 MHz .-
20 MHz - 200 MHz —
200 MHz - 3 GHz eps:1-15 0.03
3 GHz - 6 GHz eps:1-15 0.03
6 GHz - 20 GHz eps:1-15 0.03
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Calibration Results

Uncertainty limits (k=2) for the material measurements in the figures of Appendix A are represented with
red dashed lines. These uncertainties contain - in addition to probe uncertainty - the uncertainty of the
material target parameter determination.

The measurements show the results obtained from independent calibrations for the same material, The
differences between the individual measurement curves give therefore an indication for the obtainable
repeatability and shall lie within the uncertainties stated in the tables.

Materials for DAK-3.5 calibration:
Appendix A with curves for Methanol, HSL, and 0.05 mol/L NaCl solution (200 MHz - 6 GHz, optional 14
GHz), HS gel and low loss solid substrate are optional,
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Appendix A: Detailed Results (additional assessments outside the scope of SCS0108)
A1 Probe appearance and calibration sequence

A.1.1 Appearance

The OCP appearance is fully according to the expectations:

= the flange surface is intact

A.1.2 Calibration sequence

The following sequence was repeated 3 times in the low frequency range from 200 — 300 MHz in 5 MHz
steps and in the high frequency range from 300 to 6000 MHz in 50 MHz steps, and from 6 GHz to 14 GHz

in 250 MHz steps.
= Air
*» Short 1 short, then immediate verification with a second short (with eventual repetition)

* Water De-ionized water, temperature measured and set in the software (for DAK-12 0.1 mol/L
saline solution, temperature measured and set in the software)

* Methanol Pure methanol, temperature measured and set in the software

* Liquids  Measurement of further liquids (e.g. Head tissue simulating liquid and 0.05 mol/l saline)

* Cleaning Probe washed with water and isopropanol at the end of the sequence.

» Shorts 4 additional separate short measurements to determine the deviation from the original

* Refresh Refresh with Air

*  Solid 4 separate solid low loss planar substrate measurements to determine one average
(optional)

* Semisolid 4 separate head gel measurements on fresh intact surface to determine one average
(optional)

* Cleaning Probe washed with water and isopropanol at the end of the sequence

Evaluation of the additional shorts from the calibrated (ideal) short point at the left edge of the Smith Chart,
represented as magnitude over the frequency range (fig. 2.1.x) and in polar representation (fig. 2.2.x).

Evaluation of the Liquid measurements and representation of the permittivity and conductivity deviation
from their reference data at the measurement temperature. The results of each of the 3 calibrations is
shown in the appendix for each material (fig. 3ff) in black, red, blue. The red dashed line shows the
uncertainty of the reference material parameter determination.

Evaluation of the Semisolid measurements (optional) by representing the 3 average deviations (each
resulting from the 4 separate measurements per set), equivalent to the liquid measurement.
Representation of the permittivity and conductivity deviation from their reference data at the nominal
temperature.

Evaluation of the Solid measurements (optional) by representing the 3 average deviations (each resulting
from the 4 separate measurements per set), equivalent to the liquid measurement. Representation of the
permittivity deviation from their reference data and the loss tangent at the nominal temperature.
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A2  Short residual magnitudes

After each of the 3 calibrations with a single short (as per the DAK software), 4 additional separate, short
measurements were performed after the liquid measurements and evaluated from the S11 data. The
residuals in the graphs represent the deviation from the ideal short point on the polar representation on the
VNA screen,
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Fig. 2.1a Magnitude of the residual of the shorts, 200 MHz — 14 GHz, after calibration a)
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Fig. 2.1b Magnitude of the residual of the shorts, 200 MHz — 14 GHz, after calibration b)
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Fig. 2.1¢c Magnitude of the residual of the shorts, 200 MHz — 14 GHz, after calibration ¢)
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Fig. 22a-c = Complex representation of the residuals of the shorts, 200 MHz - 14 GHz,
after calibrations a)-b) in the top and ¢) in the bottom

All shorts have good quality. Some minor deviations might be visible from contact quality (left - right),
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A3

Methanol

Methanol (99.9% pure) was measured at a temperature of 22 +/- 2 °C. The liquid temperature was
stabilized within 0.05 *C of the desired temperature. Deviations are presented relative to the nominal
material parameters at this temperature, calculated from NPL data for this temperature. For the
measurements the Noise Filter was activated in the software.

Fig. 3.1

Fig. 3.2
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Note: Conductivity error can be high at low frequencies due to the low absolute conductivity values,
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A4 Head Tissue

Broadband head simulating liquid was measured at a temperature of 22 +/- 2 °C. The liquid temperature
was stabilized within 0.05 °C of the desired temperature. Deviations are presented relative to the reference
data for this material. Those parameters have been evaluated from multiple measurements on the used
bath with precision reference OCP and further methods. For the measurements the Noise Filter was
activated in the software.

Permittivity devistion
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Fig. 4.1 HSL permittivity deviation from target, 200 MHz - 14 GHz
Conductivity deviation
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Fig. 4.2 HSL conductivity deviation from target, 200 MHz - 14 GHz
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A5  0.05 mol/L NaCl solution

0.05 moel/L NaCl / water solution has a static condu
Liquid). It was measured at a temperature of 22 +/

clivity of 0.5 S/m, similar to MRI HCL (High Conductivity
-2 °C. The liquid temperature was stabilized within 0.05

°C of the desired temperature. Deviations are presented relative to the reference data for this material.

These parameters have been derived from the theoretical mode! according to (7], matched to the

measurements from reference probes and other sources.
A quantity of 1 liter was used for the measurement. For the measurements the Noise Filter was activated in

the software,

Fig. 5.1
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Fig. 5.2 0.05 mol/L solution conductivity deviation from target, 200 MHz - 14 GHz
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Appendix B:  Nominal parameters of reference materials used for calibration (additional
assessments outside the scope of SCS0108)

Permittivity of reference materiais
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Fig. B.1 Permittivity of reference materials

Conductivity of reference materials
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Fig. B.2 Conductivity of reference materials

Loss Tangent of reference materials
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Fig. B.3 Loss tangent of reference materials
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