Report No. HCT-SR-1906-FC001

EX30V4- SN;3968 September 25, 2018
10541- | IEEE 802.11ac WiFI (40MHz, MCST, X | 504 6612 | 1593 | 0.00 | 1500 | =96%
AAB 98pc duty cycle)

Y 10 .31 16.01 150.0

Z .00 66.01 15.85 150.0
10542 | IEEE 802.118c WiFl (40MHz. MCS8, X 19 66.21 16.00 | 000 | 1500 | z96%
AAB 98pc duty cycle)

Y| 526 6.3 | 16.06 150.0

2| 515 6610 | 1501 150.0
1%43- IEEE B02.113c WiFi (40MHz, MCS9, X | 527 €524 | 1604 | 000 | 1500 | 96 %

_ B9pc duty cycle)

Y| 533 6842 | 16.10 150.0

Z| 52 6614 | 15096 150.0
Aaam |EEE B02 11ac WiFi (BOMHz, MCSO, X | 537 6624 | 1592 | 000 | 1500 | +96%

AAB | B8pc duly cycle) i

Y | 543 6644 | 1590 150.0

Z | 533 66.14 | 1584 150.0
10545 | IEEE 802 11ac WIFi (80MHz, MCS1, X | 55 8670 | 1610 | 000 | 1500 | 296%
AAB 99pc duty cycie)

Y| 562 66.84 14 150.0

e Z | 553 56.60 .03 150.0 —
10546- | IEEE 802.11ac WIiFi {80MHz, MCS2, X | 543 66.43 98 | 000 | 1500 | 296 %
AAB

Y 49 6663 | 16.05 150.0

Z .30 66.32 | 1590 150.0
10547- | IEEE 802.11ac WIFi (80MHz, MCS3, X 60 6649 | 1600 | 0D0 | 1500 | =96 %

| AAB _99pc duty cyde)

Y | 566 66.67 | 16.06 150,

Z | 546 66.38 | 1592 150.
10548- | [EEE 802 11ac WIFI (B0MHz, MCS4, X | 877 6748 | 1647 | 000 | 150. +06%
AAB 99pc duty cycle)

Y| 57 67.55 | 1648 150.0

Z 72 8737 | 16.39 150.0
10550- | IEEE 802 11ac Wik (80MHz. MCS6, X AT 6650 | 1603 | 000 | 1500 | £9.6%
AAB 99pc duty cycle)

Y 52 6666 | 16.07 150.0

e Z 43 6641 | 15085 150.0
10551~ IEEE 802,11ac Wi (B0MHz, MCS7, X A5 66.50 1509 0.00 1900 | £96%
AAB | 89pc duty cycle) o

Y .52 8670 | 18.05 150.0
2 42 6639 | 1500 150.0
10552- | IEEE B02.11ac WiFi (B0OMMz, MCS8, X .38 6630 | 1588 | 000 | 1500 | £96%
AM8 | 99pc duly cycle) -
Y | 544 6650 | 1596 150,
: Z| 53 66.19 | 1581 150,
10553- IEEE 802.11ac WiFi (B0MHz. MCS9, X | 548 6633 | 1594 | 000 | 150 $06%
AnB _ 99pc duty cycln)
Y 52 6654 | 1601 150.0
Z A2 6622 | 1586 150.0
10554- | |EEE 802.11ac Wil (1860MHz, MCSO, X 78 662 | 1602 | 000 | 1500 | =96%
AAC 99pc duty cycle)
Y 5 B4 66.80 | 16.08 150.0
Z 575 6652 | 1595 150.0
10555- IEEE 802.11ac WiFi (1600MH2, MCS1, X 5.92 66.94 16.16 0.00 1500 | 296%
AC 88pc duty oycle)
Y 96 6708 | 1620 150.0
Z ) B8 66.84 | 16.08 150.0
10556- | IEEE 802 11ac WiFi (160MHz, MCS2, X .64 6698 | 1647 | 000 | 1500 | t96%
AAC 99pc duty cycle)
Y | 588 6714 | 1622 150.0
T Z| 590 66.88 | 1810 150.0
10557- | [EEE B02.11ac WiFi (160MHz, MCS3, X | 589 6686 | 1613 | 000 | 1500 | +96%
AAC 89pc duly cycle) —
Y | 585 67.08 | 16.19 150.0
Z | 588 6676 | 1606 150.0
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ﬂscsa- IEEE 802 11ac ;mm (160MHZ. MC34, X | 5894 6702 | 16.23 | 000 | 1500 | 296% |
99pc duty cycle;
Y | 599 67.20 | 16.29 150.0
Z | 590 6602 | 1615 150.
xsceo- IEEE 802.11ac WIF) (160MHZ. MCS8, X | 593 BEBE | 1618 | 000 | 1500 | +0.6%
99pc duty cycle)
Y | 6499 67.06 | 16.25 150.0
Z | sag 66.76 | 1611 50.0
xcsm- IEEE 802.11ac WIFI (160MHz, MCST, X | 588 86.86 | 1622 | 000 | 1500 | 96%
98pe duty cycle)
Y| 59 $7.03 | 1628 150.0
Z 583 66.76 | 1615 150.0
ms:z— IEEE 802.11ac WiFl (1600Hz, MCSB, X | 581 87.20 | 16.39 | 000 | 1500 | 29.6%
AA 99pc duty cycle)
Y | 603 709 | 1646 150.0
- Z | 503 708 | 163 150.0 ]
10563 | IEEE 802.11ac WIFI (160MHz MCS9, X | 612 5728 | 16.38 | 0,00 | 1500 | x06%
AAC 99pc duty cyde)
Y 6.21 67.56 16.50 150.0
Z | 606 67.12 | 16.29 150.0
10564. | IEEE BO02.11g WiF1 2.4 GHz (DSSS- X | 477 56.52 622 | 046 | 1500 | *06%
AM OFDM. 8 Mops, S9pc duty cycle)
Y | 485 | 6674 .30 50.0
. Z | 473 66.44 6. 14 50.0
10565- | IEEE B02.11g WiFi 2.4 GHz (DSSS- X | 499 66.98 54 | D46 500 | =96%
AAA OFDM, 12 Mups, 99pc duty cycle)
Y | 507 67.16_| 1663 150.0
Z | ags5 66.88 | 16.46 150.0
10566- | JEEE 802.11g WiFi 2.4 GHz (DSSS- X | 483 6681 | 1635 | 046 | 1500 | x96%
AAA OFDM. 18 Mbps, S3pc duty cycie)
Y| 491 6702 | 1645 150.0
Z | a7 6671 | 16.26 150.0
10567- | IEEE BOZ.11g WiFi 2.4 GHz (DSSS- X | 485 67.20 | 1671 | 046 | 1500 | *9.6%
AAA OFDM, 24 Mbps. 99pc duty cycle)
Y | 493 67.36 6.77 50.0
Z | a8t 7.08 6.6 .
10568- | IEEE 802.11g WIFi 2 4 GHz (DSSS- X | 474 66.58 612 | 046 500 | £96%
AAA OFOM, 36 Mops, 9pc duty cycle)
Y | 483 G683 | 1626 150,
Z | 410 66.5 16.04 150 0
10568- | IEEE 802.11g WiFi 2.4 GHz (DSSS- X | 482 67.3 1678 | 046 | 1500 | 296%
AAA OFDM, 48 Mbps, $9pc duty cycio)
Y | 4808 67.45 | 16.83 150.0
Z |41t 67.20 69 150.0
"10570- | IEEE B02.11g WiF| 2.4 GHz (DSSS- X | 485 6715 71 | 046 | 1500 | +9.6%
AAA OFDM, 54 Mbps. 99pc duty cycle)
Y | 492 67.a1_| 16.77 150.0
== Z | 480 67.05 | 1662 150.0 O
10571- | IEEE 802,11b WiFi 2.4 GHz {DSSS, 1 X | 107 6346 | 1488 | 046 | 1300 | +96%
AAA Mbps. 90pe duly cyde)
Y | 118 6436 | 1550 130.0
Z | 106 6326 | 1463 130.0
10672- | IEEE BO2 11b WiFi 2.4 GHz (DSSS, 2 X | 108 6306 | 1520 | 046 | 1300 | +06%
AAA
Y 1.19 54.89 15.82 130.0
Z |_1.06 B3.74 | 1494 130.0
10573- | IEEE BOZ 11D WIFI 2.4 GHz (0SS5, 55 | % | 125 7823 | 1986 | 046 | 1300 | =86 %
AAA d
Y | 198 8450 | 22.78 130.0
Z | 113 76.27 | 18.64 130.0
10574~ | IEEE 802.11b WIFi 2.4 GHz (DSSS, 11 | X | 112 6884 | 1770 | 046 | 1300 | 296%
AAA Mbps, 80pc duty cyde) L
Y | 127 70.06 | 1845 130.0
Z | _1.08 8829 | 17.23 130.0
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10575- IEEE 802,11g WIFi 2.4 GHz (DSSS- X 4.56 6633 16.28 048 1300 | 296%
AAA | OFDM. B Mbps, S0pc duty cycie)

Y 464 85.55 16.39 30.0
Z | a52 | 6626 | 16.21 130.0
10576- IEEE B02.11g WIFi 2.4 GHz (DSSS- X 458 66.49 16.34 0.48 130.0 | £9868%
AAA__ | OFDM, 9 Mbps, 90pc duty cyd)
Y 468 66.70 1645 130.0
F4 455 66.42 16.27 130.0
10677- IEEE 802 11g WIF| 2 4 GHz (DSSS- X 478 66,79 16,51 0.46 1300 | +98%
AAA OFDM, 12 Mbps, 80pc duty cycle)
Y 486 66.98 .62 300
Zz 474 66.70 44 30.0
10578- IEEE 802 11g WiFi 2.4 GHz (DSSS- X 467 66.93 16.61 046 300 | 2986%
AAA | OFDM, 18 Mbps, S0pc duty cycle)
Y .75 B7.1 16.70 1300
Zz 4,64 66,84 16.53 130.0
10579- IEEE 802,11g WiF1 2.4 GHz (DSSS- X 4.44 66.18 1590 046 1300 | =96%
AAA OFDM. 24 Mbps, 90pc duty cycle)
Y 453 6647 16.06 130.0
z 4.40 66.11 15.83 130.0
10580~ IEEE 802.11g WIFi 2.4 GHz (DSSS- X 449 6825 15.93 048 1300 | £96%
AAA OFDM, 36 Mgs, 90pc duty cycie)
Y 458 66.5: 16.10 130,
Z | 445 66.1¢ 15.87 130. ]
10581- IEEE 802.11g WIFi 2.4 GHz (DSSS- X 457 68.95 16.55 0.45 130, +96%
AAA | OFDM, 45 Mbps, 90pc duty cyde)
Y | 285 | 6715 | 1664 130.0
. Zz 4.53 66.88 1647 130.0
10582~ IEEE 802,11g WIFi 2.4 GHz (DSSS- x 438 65.95 15.69 046 1300 | £96%
AAA OFDM. 54
Y | 448 | 6626 | 1588 130.0
= Z | 434 6589 | 1562 130.0
10583~ IEEE 802 11a/h WIFI 5 GHz (OFDM, 6 X 456 66.33 16.28 0.48 100 | $t96%
AAB . Mbps, S0pc duty cycle} —
Y 4.64 66.55 1639 130.0
Z | 452 6626 | 16.21 1300
10584- IEEE BO02 112/ WIFi 5 GHz (OFDM, 2 x 458 66.49 16.24 0.46 1300 | $96%
AAB Mbps, S0pc duly cycle).
Y 4.66 66.70 16.45 130.0
Z 4.55 6642 16.27 130.0
10685 |IEEE B02 11am WiFi 5 GHz (OFDM, 12 X 4.78 66.79 16.51 0.48 1300 | $96%
AAB Mbps, 80pc duty cycle)
Y: 4.88 66.98 16.62 30.0
= Z | a4 6670 | 1644 30.0
10586- IEEE BO2 17am WiFi 5 GHz (OFDM, 18 X 467 66.93 16.61 0.46 300 [ +98%
AAB Mbps, S0pc duty cycie)
1 475 67.11 18.70 130.0
Z | 4864 66.84 | 16.53 1300
10587~ IEEE 802 11a/h WiFi 5 GHz (OFDM, 24 X 444 66.18 15,80 0.46 1300 | 296%
AAB
Y 453 66.47 16.06 130.0
Z | 440 | 66.11 | 15.83 130.0
10588- IEEE 802.11aM WIFi 5 GHz (OFDM, 35 X 449 66,256 1593 0.46 1304 +96%
AMB | Mbps, S0pc duty cycle)
Y| 458 6653 | 16.10 1300
Z | 445 | e6.18 | 1587 1300
10589- IEEE B02.11aM WiFi 5 GHz (OFDM, 48 X 457 66,95 16.55 0.46 1300 | 296%
AAB
Y 4.65 67.15 16.64 130.0
Z 453 66.88 16.47 130.0
10590- |IEEE B0Z 11aM WIiFi 5 GHz (OFDM, 54 x 434 6595 1569 0.46 1300 | 296%
AAB
Y | 448 | 6626 | 1588 130.0
r4 434 65.89 16.62 1300
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10591- | IEEE 802.11n (HT Mixed, 200z, X a7t 6640 | 1638 | 046 | 1300 | 288%
AAB | MCSO0, 90pc duty cycle)

Y| 479 6660 | 1849 130.0

Z | a68 6633 | 1632 1300
10592 IEEE 802.11n (HT Mixed, 20MHz X | 488 6673 | 1652 | 046 | 1300 | £98%
A8 MCS1, 90pc duty cycle)

Y | 494 6683 | 1662 130.0

= Z | 482 66.66 6.45 130.0
hs:e— 555 802.11n (HT Mixed, 20MHz, X | 478 6663 | 1639 | 046 | 1300 | £86%

| AAB | MCS2, 80pc duty cycle)

Y | 486 6685 | 1650 130.0
Z | a4 6655 | 16.32 130.0
10584- | FEEE 802.11n (HT Mixed, 20MHz, X | 483 66.80 | 1655 | 046 | 1300 | 296%
| AAB | MCS3, 80pc duty cycle)
Y1 491 6700 | 18865 130.0
Z | 480 6672 | 1648 130.0
10595- | IEEE 802.11n (HT Mixed, 20MHz, X | 480 6675 | 1644 | 046 | 1200 | £96%
| AAB | MCS4, S0pc duty cydle)
Y | a88 6696 | 16.55 130.0
Z | 478 66.67 | 16.38 130.0
10596- | IEEE B02.11n (HT Mixed, 20MHz, X | 473 66.74 | 1644 | 046 | 1300 | £96%
| AAB | MCSS, S0pc duty cycle)
Y | 482 6696 | 16.56 1300
Z | 470 6666 | 1638 130.0
10587- | IEEE 802.11n (HT Mixed, 20MHz, X | 468 6663 | 1632 | D46 | 1300 | 296%
AAB MCS6. 90pc duty cydle)
Y | a7t 6687 | 1644 130.0
o Z ! 465 6655 | 1625 130.0
10596- | IEEE 802.11n (HT Mixad, 20MHz, X | 486 6685 | 1658 | 046 | 1300 | +96%
AAB MCS7, 90pc duty cycle)
Y | 474 67.06_| 1668 130,
Z | 463 66.76 | 16.50 130.
10586- | IEEE B02.11n (HT Mixed, 40MHz, x| 540 6699 | 1664 | 046 | 130. +66%
| AAB | MCS0, 90pc duty cycle)
Y | 548 6717 | 1672 130.0
Z 1 537 6692 | 16.59 130.0
10600- | IEEE 802.11n (HT Mixad, 40MHz. X | 556 6750 | 1667 | D46 | 1300 | 296%
AAB MCS1, 90pc duty cycls)
Y | 568 | 675 | 16.89 130.0
Z | 552 6744 | 1682 130.0
10601- | JEEE B02.11n (HT Mixed, 40MHz, X | 542 67.18 5.73 | 046 | 1300 | £96%
| AAB | MCS2, S0pc duly cycie]
Y 43 57,31 6.78 130.0
3 39 5711 | 16.68 130.0
10602- | IEEE 802 11n (HT Mixed, 40MHz, X 54 21 669 | D46 | 1300 | 296%
AAB [MC83, 90pc duty cycle)
Y| 558 6737 | 1673 1300
Z | 551 6723 | 1666 130.0
10603- IEEE 802.11n (HT Mixed, 40MHz, X 560 67.53 16.96 0.45 1300 | +96%
AAB MCS4 cyda)
b 5.65 67.64 16.94 130.0
Z | 558 6749 | 1692 130.0
10604- | IEEE 802.11n (HT Mixed, 40MHz, x| 543 67068 | 671 | 046 | 1300 | =96&%
AAB MCSS, 80pc duty cycle}
Y A8 57.16__| 16.74 1300
Z 41 5703 | 16.68 130.0
10605- | IEEE 802 11n (HT Mixed, 40MHz, X 54 5737 | 1686 | 046 | 1300 | +98%
AAB MCSB,
Y | 538 747 | 16.90 130.0
Z | 551 37.32 | 16.82 1300
10606~ | IEEE B02.11n (HT Mixed, 400MHz, X | 825 6650 | 16.32 | 046 | 1300 | 206%
AAB MCS?. 90pc duty cycle)
Y1 533 6683 | 1644 130.0
Z | 522 8851 | 16.27 130.0
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1:%07- IEEE 802 11ac WiFi [20Miz, MCSO, X 455 6571 16.00 046 130.0 t96%
S0pc dusty cycle)
Y 463 65.91 16.11 130.0
Z | &51 6562 | 1593 1300
36.})3- IEEE 802 11ac WiFi (20MHz, MCS1, X 472 66.10 16.97 0.46 1300 196%
| AAB | 90pcdutycycie)
Y 481 66.31 16.27 130.0
Z 469 66.01 16.10 130.0
10609- IEEE 802.11ac WiFi (20MHz, MCS2, X 46 B85.93 16.00 046 1300 £96%
AAB 90pc duty cyde)
Y 4.70 B6.17 .12 130.0
BT Z | 458 | 6585 a2 130.0
10610 IEEE 802, 11ac WiFi (20MHz, MCS3, X 466 66.10 16 048 130.0 £96%
AAB 90pe duty cycle)
Y 4.75 66.31 16.27 30.0
Z | 463 | 6601 | 1600 30.0
10611 |IEEE 802.118¢ WiFi (20MHz, MCS4, X 4.58 65.90 16.01 0.46 1300 £96%
AAB . 90pc duty cycle)
Y 4 66 66.13 16.12 130.0
z 4.54 85.81 15.83 130.0
mz- |IEEE B02.11ac WiFi (20MHz MCSS, X 458 66.05 16.05 048 130.0 +96%
. 80pc duly cyclo)
Y A.67 66,29 16.18 130.0
z 4.55 65.96 15.68 130.0
10613- |IEEE B02.11ac WIFI (20MHz, MCSE, X 45 65.92 15.92 046 1300 +96%
L AAB | 80pc duly cycle) ‘
Y 4.68 86.17 16.08 1300
Z | 455 6583 | 15.85 1300
X 453 66.10 1615 046 1300 286%

10614 | IEEE BOZ 11ac WiFl (20MHz, MCST,
, #0pc duty cycie)

452 | 6632 | 1626 130.0
449 | 6600 | 16,07 1300
458 | 6573 | 15.78 | 046 | 1300 | £96%

10615- | IEEE 802 11ac WiFi (20MHz, MCS8,
L AAB | 90po duly cycle)

487 6600 | 1593 130.0
454 .66 1571 1300
10616~ |EEE 802 11ac WiFi (40MHz, MCS0, 5 86.20 16.23 046 1300 *96%
AAB__ | 90pc duly cycie)
28 66.39 16.31 1304
.18 66.12 16.17 130 ¢
10617 IEEE 802.11ac WIFI (40MHz, MCS1, 529 66.42 16.31 0.46 130 296%
ANB | 90pc duty cycle)
534 656.57 16.34 130.0
5.26 66.35 168.268 1300
10618- IEEE B02.17ac WIF| (40MHz, MCS2, 517 66,40 16.32 046 1300 | 296%
AAB | 90pc duty cycle)
5.2: 66.57 16.33 130.0
3 66.32 18.28 130.0
10619- IEEE 802.11ac WIF] (40MHz, MCS3, 518 66.20 16.15 046 1300 296 %
AMB | 90pc duty cycle)
25 6639 | 1624 130.0
RE 66,12 16.09 1300
10620- IEEE B02 11ac WIFi (40MHz, MCS4, .27 66.24 1622 0.46 1300 196%

AAE 90pc duty cyche)

L B (N ] L0 B =1 (N1 03 I3 (V1 B3 B [N 2 0 B 1 (1 B0 1 (9
by

5,34 66.43 16.31 130.0

5.24 6617 16.17 130.0
10621+ IEEE B02 11ac WIF) (4084Hz, MCSS, 5.27 66.37 16.41 0.46 1300 196%
AAB | 90pc duty cycle)

533 66.53 16.46 130

524 66.29 16.35 130.
10622- |EEE 802.11ac WF (40MHz, MCSE6, 529 66.54 16.438 0.46 130 +96%
AAB | 90pc duty cycle)

535 66.70 16.54 130.0

525 66.46 16.43 130.0
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10623- | IEEE B0Z.11ac WiFi (A0MHz, MCST, X | 516 6606 | 1612 | 046 | 1300 | =96%
| AAB _80pe duty cycle)
¥ 23 66.26 | 16.20 1300
z 513 98| 16.06 130.0
10624~ | IEEE 802.11ac WIFI (40MHz, MCS8, X 35 6627 | 1629 | 046 | 1300 | 296%
AAB ag
Y | 54z 645 | 1636 130.0
Z | 5432 5618 | 16.23 130.0
xegs- IEEE B0Z 11ac WIF) (40MHz, MCS8, X | 870 87.18 | 1680 | 046 | 1300 | +96%
| AAB_ | 90pe duly cycle)
¥ 76 67.36_ | 1687 130.0
- Z 65 | 67.07 | 1673 130.0
10626- | IEEE 802.11ac WiFl (B0MHz. MCS0, X 52 8627 | 1620 | 040 | 1300 | 96 %
AAB S0pe duty cyde)
Y | 557 646 | 16.27 130.0
Z | 548 6618 | 16.14 130.0
10627- | IEEE BO2.11ac WiFl (S0MHZ, MGS1, X | 517 B601 | 1648 | 046 | 1300 | +98%
AAB 90pc duly cycle)
Y | 581 67.01 | 1651 130,
Z | 575 66.84 | 16.43 130,
10628~ | IEEE 802.11ac WiFi (B0MHz. MCS2, X | 554 6635 | 16.13 | 046 | 4300 | 296 %
| AAB | 90pc duty cyde)
Y 81 6656 | 1622 130.0
= e Z 51 | 6627 | 16.08 130.0
mzs- |EEE BUZ.11ac WiFI (B0MHz, MCS3, X 62 6641 | 1616 | 046 | 1300 | +96%
== Y | 568 66.60 | 16.24 130.0
Z | 559 6634 | 16.11 130,0 ]
1%30- |EEE 802.11ac Wi (B0MHZ. MCS4, X | 6.08 68.03 697 | 046 | 1300 | 96 %
| AAB | 90pc duty cycle)
Y | 608 6804 | 1606 130.0
Z | 606 6795 | 1691 130.0 )
30631- | IEEE 802 11ac WiFi (SOMHZ, MCSS, X 5.04 6768 | 1699 | 046 | 1300 | +96%
(AAB | 90pc duty cycie)
Y | 599 B7.81 7.02 30.0
Z 30 6157 6.91 30.0
10632- | IEEE BOZ.11ac Wiri (B0MHz, MCSE, x 74 66.96 665 | 048 300 | 96 %
AAB 90, cycle)
Y Wil 87.05 | 1665 130.0
z Xil 689 | 1660 130.0
mpa— IEEE 802.11ac WIFi (B0MHz, MCST. X 60 648 | 1623 | 046 | 1300 | +96%
_S0pc duty cycle)
Y | 567 6671 | 16,42 130.0
Z | 656 66,4 16.18 30.0
10634- | IEEE B02.11ac WiF (B0MHz. MCS8, X | 558 6652 | 1831 | DAB 300 | 96%
| AAB 90pe duty cycle)
Y .65 6672 | 1638 130.0
Z 55 6643 | 1625 120.0
:&a:s JEEE 802 11ac WiFi (80MHzZ, MCSH, % A7 6585 | 1571 | D46 | 1300 | +96%
_S0pc duty cycle)
Y | 654 6613 | 1585 130.0
Z | 543 65.78 | 15.86 130.0
10635~ | IEEE B02.11ac WiFi 160MHz, MCSO, X | 594 8665 | 1630 | 046 | 1300 | =96%
AAC 90pc duty cycle) ——
Y 53 €683 | 16.36 130.
Z a1 6657 | 16.24 130,
3837' 1EEE 802.11ac WiFi {160MHz, MCS1, X 511 €7.07 | 1640 | 046 | 1300 | 296%
Y | 614 6720 | 1653 130.0
Z | 6.08 6700 | 16.44 30.0
10638- | IEEE B02.11ac WiFi (160MHz, MCS2, X | 6.10 67,03 | 16.45 | 046 300 | +96%
AAC 90pe duty cycle)
Y| 614 67.18_| 16.50 130.0
Z | 607 66.96 | 1640 1300
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ms. IEEE :ou 18c Wiri (160MHz, MCS3, X | 607 6694 | 1645 | 046 | 1300 | 96 %
90pc duty cycle)
Y | 612 6713 | 16.51 130.0
——— Z 1 604 66.86_| 16,39 130.0
1%0- IEEE B02.11ac Wi (160MHz, MCS4, X | 607 6695 | 1640 | 046 | 1300 | 296 %
90gc duty cycle)
Y 6.13 67.15 16.48 130.0
Z | 604 | 6688 | 1634 1300
‘1&%41- IEEE :ozmcvm {1600z, MCSS, X | 813 6691 | 1640 | 046 | 1300 | 296%
B0pe duty cycle)
Y A7 67.07 645 130.0
Z A1 66.86 5.96 130.0 |
1%2- IEEE B02.11ac WiFi (160MHz, MCSB, X 18 67.11 66 | 048 | 1300 | 296 %
S0pe duty cycle)
Y 6.21 67.28 16.71 130.0
L 6.12 67.04 1661 130.0
3%43 IEEE gozmcwua (160MFz, MCS7, X | 600 6683 | 1642 | 048 | 1300 | t96%
90pc duty cycie)
Y | 605 6700 | 1648 130,
i Z | 598 66.76 | 1637 130,
10644~ IEEE B02.1%ac WiFi (160MHz, MCSS8, X 614 6725 1665 0.46 304 +06%
AAC duty cycle)
5 4 §.20 67.47 16.74 1300
o Z| 6310 67.16_ | 16.58 130.0
:%5- 1EEE B02 11ac WIF| (160MHz, MCS9, X 6.37 67.57 1677 0.46 1300 +06%
Y | 647 87.90 | 18602 130.0
Z |_631 67.40_| 1668 130.0
10646- | LTE-TDD (SC-FDMA, 1 RB, 5 MHz, X | 1525 | 10738 | 3728 | 930 | 600 | t96%
AAF QPSK, UL Subframe=2.7)
Y | 8259 | 15005 | 5026 60.
Z | 1810 | 11225 | 3914 60.
10647- | LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X | 1317 | 10457 | 3653 | 930 | 60, +96%
AAF QPSK, UL Subframe=2.7)
Y 5735 14283 48.41 60,0
Z 1541 109.07 R 60.0
10648- | COMAZ00G {1x Advanced) X | 056 6168 | 892 | 000 | 1500 | +96%
AAA
Y | 066 | 6285 | 1029 150.0
Z | 051 6097 | B.15 150.0
10652- | LTE-TDD (OFDMA, 5 MHz, E-TM 3.1, X | 343 66.30 | 1629 | 223 | 800 | +96%
AAD Clipping 44%) ;
Y 3.69 67.19 16.78 80.0
Z | 342 6620 | 16.22 80.0
10653 | LTE-TDD (OFDMA, 10 MHz, E-TM 31, | X | 397 6572 | 1650 | 223 | 800 | £96%
AAD Clipping 44%)
Y 420 66.48 16.89 80.0
. Z | 39 65.72 | 16.47 80.0
10654- | LTE-TDD (OFDMA, 15 MHz E-TM 3.1, | X | 396 6537 | 1651 | 223 | 800 | £98%
AAD Clipping 44%)
Y 417 66.11 16.89 80.0
Z | 39 6537 | 16.48 80,0
10655- | LTE-TDD (OFDMA, 20 MHz E-TM 3.1, | X | 402 8535 | 1655 | 223 | B0.0 | £96% |
| AAE Clipping 44%)
Y | 424 66.10 | 1693 80.0
Z | 402 | 6535 | 1653 | 800
10658- Pulse Waveform (200Hz, 10%) x 100.00 109 25486 10.00 50,0 +96%
AAA
¥ | 10000 | 11308 | 2690 50.0
Z | 10000 | 110.56 | 2580 50.0
10659 Putse Wavelorm (200Hz, 20%) X 00.00 108.07 2354 699 600 +96%
AAA
Y | 10000 | 11187 | 2557 60.0
Z 106.00 108.43 2377 60.0
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EX3DV4- SN:3968 September 25, 2018
10660~ Pulse Waveform (200Hz, 40%) X 100.00 106.10 2140 3.98 80.0 96 %
AAA

Y | 10000 | 193.15 | 2485 80.0

Z | 10000 | 10559 | 2124 80.0 ]
10661- | Pulse Waveform (200Hz, 60%) X | 10000 | 100.77 | 1847 | 222 | 1000 | $96%
AAA

Y | 100.00 116.26 25.11 100.0

Zz 100.00 9943 17.54 100.0
10662~ Pulse Waveform (200Hz, 80%) X D18 60.00 388 097 200 +96%
AAA

Y | 100.00 | 121.068 | 25.41 120.0

Z 0.19 60.00 3.60 1200
10670- Biuetooth Low Energy X 100.00 109.06 21.78 219 00.0 £0868%
AAA

Y | 10000 | 11852 | 26.45 100.0

F4 100.00 106.33 20.69 100.0

* Uncenainty is determined using the max daviation from inear respanse applying rectangular distribofion and is expressed lor the square of the

teid value
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Schwelzerischer Katibrierdienst

N

Schmid & Parter % o Serviesskess rémomage

Engineering AG et Servizlo svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland £ /.ﬁ\\“‘. S Swiss Calibration Service
Accredited by the Swiss Accreditation Sendce (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilatersl Agr 1 for the recognition of cailbration certificates

i s Cenificate ho: D750V3-1014_Aug18

Coject D750V3 - SN:1014
Caibration procedure(s) QA CAL-05.v10
Galbration procedurs

Calibration date: August 14, 2018

This calibeation cartficate documents the tracaablity to national standards, which realize 1ha physical units of measurements (S1).
The measurements and the uncentaintas with conlidance probability are givan on the following pages ard are part of the certificate.

Al calibrations have baen conducted in the closed laboratary aciity. environment lemperatues (22 « 3)°C and humidity < 70%,

Caflbration Equipment used (MATE critical for caltiration)

Prynary Standands D¢ Cal Dase (Certificate No ) Schadulod Calbration

Power mater NRF SN 104778 O4-Ape-18 (No. 217-02672/02673) Apr-18

Power sensor NRP-Z91 SN 103244 04-Ape-18 (No, 217-02672) Apr-19

Power sensor NRP-291 SN: 103245 04-Apr-18 (Na. 217-02873) Apr-19

Raferance 20 08 Aftenuatar SN: 5058 (20k) 04-Ape-18 (No. 217-02682) Apr-19

Type-N mmatch combination SN; 5047 2 { 06327 04-Apr-18 (No. 217-02683) Apr-19

Reference Probe EX3DVA4 SN; 7346 30-Dec-17 (No. EX3-7348 Dec17) Dec-18

DAE4 SN: 601 26-0ct-17 (No. DAE4-801_Oct17) Oct-18

Secondary Standards 1D ¥ Chack Data (n house) Scheduled Check

Power matar EPM-4424 SN: GB37480704 07-0¢t-15 (in hoves check Oct-16) In house chack: Oct-18

Power sensor HP B4B1A SH: US3raa27e3 07-0ct-16 (in house check Oct-18) In house chack: Oct-18

Power sensor HP BAB1A SN MYa1092217 Q7-0ct-15 (in house check Oct-16) in house chack: Oct-18

RF generator R&S SMT-06 SN- 100872 15-Jury-15 {in house check Oct-16) in houss chack: Oct-18

Network Analyzer Agllent EB3S8A | SN: USA1080477 31-Mar-14 (in heuse check Oc1-17) In houss check: Oct-18
Name Function

Coltrated by: Man) Sz L

Approved by Katga Pokovie Tochrica Maragar

Issued: August 14, 2018

This calbration cerfificate shall not be reproduced except i full without written approval of tha laboratory
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Calibration Laboratory of e, o s S =
: N2 Kalibrierdienst
Schmid & Partner e &N g Sorvice sulsse d'étalonnage
Engineering AG z 5 Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzertand ‘v,,,’l/%‘\\‘x* 4/ S swiss Calibration Service
W -
Accradited by the Swiss Accrediation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition 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) 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 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

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 B65664, “SAR Measurement Requirements for 100 MHz to 6 GHZ"

Additional Documentation:
) 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 centificate 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 phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Retum Loss ensures low
reflected power. No uncertainty required.

e 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.

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%.

Centlificate No: D750V3-1014_Aug18 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.10.1
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency 750 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.89 mho/m
Measured Head TSL parameters (220=02)°C 409 26% 0.89 mho/m = 6 %
Head TSL temperature change during test <05°C e .-
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.05 Wikg
SAR for nominai Head TSL parameters normalized to 1W 8.15 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 1.33 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.30 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and caiculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL paramelers 220°C 55.5 0.96 mha/m
Measured Body TSL parameters (220+0.2)°C 55.0+6% 0.96 mho/m £ 6 %
Body TSL temperature change during test <05°C - —-—
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Conditlon
SAR measured 250 mW Input power 2.15Wikg
SAR for nominal Body TSL parameters normalized to TW 8.58 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Body TSL condition
SAR measurad 250 mW input power 1.41 Wikg
SAR for nominal Body TSL parameters nommalized to 1W 5.63 Wikg = 16.5 % (k=2)

Certificate No: D750V3-1014_Aug18 Page 30of 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5640+64|0
Return Loss -21.4dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point S03Q+10jQ
Return Loss -396dB
General Antenna Parameters and Design
| Esectrical Delay (one direction) | 1,035 ns |

After long term use with 100W radiated power, only a slight warming of the dipole near the teedpaint 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 amm of the dipole. The antenna is therelore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms In order to improve matching when loaded according to the position as explained in the
"Measurement 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 dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged,

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

March 22, 2010

Centificate No: D750V3-1014_Aug18
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DASYS5 Validation Report for Head TSL

Date: 14.08.2018
Test Laboratory: SPEAG, Zurich, Switzeriand
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1014

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; o = 0.89 S/m; & = 40.9; p = 1000 kg/m”
Phantom section: Flat Section

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

DASY52 Configuration:
+ Probe: EX3DV4 - SN7349; ConvF(10.22, 10,22, 10.22) @ 750 MHz; Calibrated: 30.12.2017
« Sensor-Surface; 1. 4mm (Mechamcal Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 26.10.2017
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Seral: 1001

» DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

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

Reference Value = 59.30 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.10 W/kg

SAR(1 g) = 2.05 W/kg; SAR(10 g) = 1.33 W/kg

Maximum value of SAR (measured) = 2.76 W/kg

LLkk
s A\

0 dB = 2.76 Wikg = 4.41 dBW/kg
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Impedance Measurement Plot for Head TSL

Report No. HCT-SR-1906-FC001
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DASYS5 Validation Report for Body TSL

Date: 14.08.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1014

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz: ¢ = 0.96 $/m: & = 55; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
«  Probe; EX3DV4 - SN7349; ConvF(10.19, 10.19, 10.19) @ 750 MHz; Calibrated: 30.12.2017
« Sensor-Surface: L.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 26.10.2017
= Phantom: Flat Phantom 4.9 (Back): Type: QD 00R P49 AA; Serial: 1005

 DASY5252.10.1(1476): SEMCAD X 14.6.11(7439)

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

Reference Value = 57.92 V/m; Power Drift =-0,02 dB

Peak SAR (extrapolated) = 3.20 W/kg

SAR(1 g) = 2.15 W/kg; SAR(10 g) = 1.41 W/kg

Maximum value of SAR (measured) = 2.85 Wikg

400
+an

100

0 dB = 2.85 W/kg =4.55 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Sedvice (SAS)
The Swiss Accreditation Seevice Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Calibration Equipment used (MATE oritcal far calibration)

il

This calibration cerfificate documants the traceablity 10 national standards, which realize the physical units of measurements (S1),
The measumements and the uncertainties with confidenca probability are given on the following pages and are part of the centiiicate.

All calibrations have bean conductad in the closed laboratory tacilly. eavironment temperature (22 + 3)°C and humédity < 70%.

wown

Report No. HCT-SR-1906-FC001

Service sulsse d'@aionnage
Servizio svizzero di taratura

Accreditation No.: SCS 0108

Primary Standards D& Cal Date (Certificate No.) Schaduled Calibeation
Powsr metes NFIF SN 104778 04-Apr-18 (No. 217-02672/02673) Ape-18

Power sansor NRP-Z91 SN: 103244 O4-Apr-18 {No. 217-02672) Apr18

Power sensor NRP-Z81 SN: 103245 C4-Apr-18 (No. 217.02673) Apr19

Relersnce 20 dB Atwrustos SN- 5058 (20x) Od-Apr-18 [No. 217-02682} Apr19

Type-N mismatch combunation SN: 5047.2 / 08327 O4-Apr-18 (Na. 217-02683) Apri9

Aolerance Probe EXI0V4 SN 7348 30-Doc-17 (No. EX3-7349_Dec17) Dac-18

DAE4 SN 801 26-0ct-17 (No. DAE2-601_Oct17) Cct-18

Secondary Standards 10 ¢ Chock Date {in b Schoeduded Check
Power matar EPM-4424 SN: GBI7480704 07-Oct-15 (in house chack OC1-16) In hause check: Oct-18
Powsr sensor HP B4B1A SN US37202783 07-Oct-15 {In house chack Oct-16) In house check: Oct-18
Power sensor HP BAS1A SN MY41092317 07-0ct-15 (in house check Oct-16) In house check: Oct-18
AF generstor RES SMT-06 SN. 100972 15-Jun-15 {In house chack Oct-18) In house check: Oct-18
Network Analyzer Agilent EBISSA | SN: US41080477 31-Mar-14 (in house chack Oct-17) In house check: Oct-18
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This calibration certificate shull not be reproduced except In 1ull without wHitten aporaval of the sbaratory.
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Calibration Laboratory of A, G Schwoizerischer Kallbrierdienst
Schmid & Partner % c Servica suisse d'étalonnage
Engineering AG B Servizio svizzero di tarstura
Zeughausstrasse 43, 8004 Zurlch, Switzeriand U S Sswiss Callibration Service
(M
Accredited by he Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Servioe is one of the signatories 1o the EA
Multiiaterai Agreement for the recognition 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, “|[EEE 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 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 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 Defay: 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.

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%.

Cenrtificate No: D835V2-4d185_Sep186 Page 20t 8
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Measurement Conditions
DASY systern configuration, as far as not given on 1 page 1.
DASY Version DASYS V52101
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy,dz =5mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters {220202)°C AWB26% 0.81 mho/m + 6 %
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 measured 250 mW input power 2.38 Wikg
SAH for nominal Head TSL parameters normalized to 1W 9.41 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measurad 250 mW input power 1.53 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.06 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mho/m
Measured Body TSL parameters (220+0.2)°C 554 +6% 0.89 mha/m + 6 %
Body TSL temperature change during test <05°C - —
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measured 250 mW input power 241 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.50 W/kg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 6.21 W/kg = 186.5 % (k=2)

Cenificate No: DB35V2-4d165_Sep18
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 505Q-53|Q
Retum Loss -255d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4550Q-76iQ
Retumn Loss -20.7dB

General Antenna Parameters and Design

| Esectrical Detay (one direction) | 1436 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm 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 loaded according to the position as explained in the
"Measurement Conditions*® paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied 1o the dipoie arms, because they might bend ar the solderad connections near the
feedpoint may be damaged

Additional EUT Data

Manutactured by SPEAG
Manutactured on December 28, 2012
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DASYS5 Validation Report for Head TSL

Date: 18.09.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d 165

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

Medium parameters used: =835 MHz; 6 =0.91 S/m: g, = 40.8; p = 1000 k-_..'.’ml
Phuntom section: Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(9.9, 9.9, 9.9) @ 835 MHz; Calibrated: 30.12.2017
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 26.10.2017
« Phantom: Flat Phantom 4.9 (front); Type: QD O0L P49 AA; Seral: 1001

« DASYS5252.10.1(1476). SEMCAD X 14.6.11(7439)

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

Reference Value = 65.64 V/m; Power Dnift = 0.08 dB

Peak SAR (extrupolated) = 3,70 Wikg

SAR(1 g) = 2.38 W/kg: SAR(10 g) = 1.53 W/kg

Maximum value of SAR (measured) = 3.24 Wikg

dB

-2.00
-4.00
-6.00
-8.00
-10.00

0dB =324 Wikg =5.11 dBW/kg

Centificate No: D835V2-44165_Sep18 Page 50f 8



Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 18.09.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d 165

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

Medium parameters used; =835 MHz; 6 =0.99 S/m; &, =55.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration;
« Probe: EX3DV4 - SN7349; ConvF(10.05, 10,08, 10.05) @ 835 MHz; Calibrated: 30.12.2017
» Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
» Elecctronics: DAE4 Sn601; Calibrated: 26.10.2017
« Phantom: Flat Phantom 4.9 (Back); Type: QD O0R P42 AA; Serial: 1005

« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

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

Reference Value = 60.86 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 3.62 W/kg

SAR(1 g) = 2.41 W/kg: SAR(10 g) = L.57 W/kg

Maximum value of SAR (measured) = 3.22 W/kg

dB8

-2.00
-4.00
-6.00
-8.00
-10.00

0 dB = 3.22 W/kg = 5.08 dBW/kg

Certificate No: DB35V2-4d165_Sep18 Page 7 of 8



H—a- Report No. HCT-SR-1906-FCO0T

Impedance Measurement Plot for Body TSL
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Report No. HCT-SR-1906-FC001

Calibration Laboratory of {.\-“‘@""h} S Schweizerischer Kalibrierdienst

Schmid & Partner % Service suisse d'étalonnage
Engineering AG e C  serviio svizzoro i taratur

Zeughausstrasse 43, B004 Zurich, Switzeriand NG S  swiss Calibration Service

g »
ROAR

Accrodaed by the Swiss Accraditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multiiateral Agreement for the recognition of calibration certificates

HCT (Dymstec)
[CALIBRATION CERTI

Accreditation No.: SCS 0108

Clent

Calibration dats;

‘November 19, 2018

This catbration cartificate documents the traceabdlity 1o national standards, which realize ihe physical units of messuremants (S1)
The massurements and the uncartainties with confidence probabiity are given on the following pages and are pan of the cestificate.

Calivration Equipment used (METE critical lor calibvation)

All caibrations have bean conducted In 1ha closed laboratory facility: amsronment temperaturg (22 = 3)°C and humnidiy < 70%.

This calbration cedificate shall not be repmduced excapt in full withaut wntten approval of the laboratary,

Primary Standards Da Cal Date (Centificate No.) Schaduled Callbration

Power meter NRP SN: 104778 04-Apr-18 (N, 217-02672/02673) Apr-19

Pawer sengar NRP-Z51 SN 103244 04-Apr-18 (No. 217-02672) Ape-18

Power sansor NRP-Z81 SN: 106245 04-Apr-18 {No. 217-02673) Apr-19

Roderence 20 dB Attenusice SN: 5058 (20K) 04-Apr-18 [No. 217-02682) Apr18

Typo-N mismatch combination SN: 5047.2 /06327 O4-Apr-16 (No, 217-02683) Apr19

Aelerance Probe EX3DVe SN: 7348 30-Dec-17 (No. EX3-7349_Dec!7) Dac-18

DAE4 SN 601 04-0ct-18 (No. DAES-601_Octi3) Oct18

Secondary Standards D¢ Check Date {In house) Schadiudod Check

Power metar EPM-442A SN: GB37480704 07-0ct-15 {in house check Oct-18) In house check: Oct-20

Power sensor HP B4a14A SN; US37292783 07-0ct-15 (in house check Oct-18) In house check! Oct-20

Power sensar HP B481A SN: MY410682317 07-0ct-15 {in house check Oct-18) In house check: Oct-20

RF generator RAS SMT-06 SN: 100872 1515 (in house check Cet-18) In house chack: Oct-20

Netwark Analyzor Agient EBISEA | SN US41080477 31-Mar-14 {in housa check Oct-18) In house chack: Oct-18
Name Function Signature

Calibratod by: Manu Saitz \aboratary T Y

Seari Ketja PR~ Todbrical Masages /@%’_

1ssued: November 20, 2018

Certificate No: D1800V2-2d007_Nov18
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Calibration Laboratory of ~‘:\¢’_Z’/ S Schweizerischer Kafibrierdienst
Schmid & Partner m c Service suisse d'étalonnage
Englneering AG v Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland U N S swiss Calibration Service
ML
Accredited by e Swiss Accreditation Sendce (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is ane of the signatories 1o the EA
Multilateral Agr ot for the gnition of cafibration 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 used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

¢c) |EC 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 detalls are avallable 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 onented
paralle! to the body axis.

e Feed Point Impedance and Return 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.

* FElectrical 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.

Report No. HCT-SR-1906-FC001

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%.

Centificate No: D1800V2-2a8007_Novi18 Page20f8



Report No. HCT-SR-1906-FC001

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52,102
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (220+02)°C 395+6% 1.37 mha/m £ 6 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAH measured 250 mW input power 9.67 Wikg
SAR for nominal Head TSL parameters normalized to 1W 39.1 W/ikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 5.05 W/kg
SAR for nominal Head TSL parameters normalized to 1W 20,3 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parametess and calcutations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (2202 0.2)°C 540+6% 1.49 mho/m < 6 %
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 9.45 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 38.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 4.96 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.0 W/kg = 16.5 % (k=2)

Certificate No: D1800V2-2d007_Nov18
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Report No. HCT-SR-1906-FC001

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to lead point 4730-73/K
Return Loss -22.0dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 4300Q-60jQ
Retum Loas -20.1dB8
General Antenna Parameters and Design
| Electrical Detay (ne direction) [ 1.205 ns |

After Jong term use with 100W radiated power, oaly a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected 1o 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 to the dipole arms in order to improve matching when loaded according to the position as explained in the
*Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is siill

according to the Standard.

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

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manutactured on

July 23, 2001

Centificate No: D1800V2-2d007 _Novid
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H—a- Report No. HCT-SR-1906-FCO0T

DASYS5 Validation Report for Head TSL

Date: 19.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz: Type: D1800V2; Serial: D1800V2 - SN:2d007

Communication System: UID 0 - CW; Frequency: 1800 MHz

Medium parameters used: f= 1800 MHz; o = 1.37 S/m; & = 39.5; p = 1000 kg/m”
Phantom section: Flat Section

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

DASY52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.3, 8.3. 8.3) @ 1800 MHz; Calibrated: 30.12.2017
= Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: (04.10.2018
= Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

« DASYS5252.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 110.2 V/im; Power Drift =-0.05 dB

Peak SAR (extrapolated) = 18.0 W/kg

SAR(I g) = 9.67 W/kg: SAR(10 g) = 5.05 W/kg

Maximum value of SAR (measured) = 15.0 W/kg

0dB =150 W/kg = 11.76 dBW/kg

Certificate No: D1800V2-2d007_Nov18 Page50f 8
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Impedance Measurement Plot for Head TSL
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H—a- Report No. HCT-SR-1906-FCO0T

DASYS5 Validation Report for Body TSL

Date: 19.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DIS00V2; Serial: D1800V2 - SN:2d007

Communication System: UID 0 - CW; Frequency: 1800 MHz

Medium parameters used: f= 1800 MHz; o = 1.49 S/m; & = 54; p= 1000 kg/m”
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.25, 8.25, 8.25) @ 1800 MHz; Calibrated: 30.12.2017
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04,10.2018
« Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

« DASYS5252.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 103.8 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 16,9 W/kg

SAR(1 g) = 9.45 W/kg: SAR(10 g) = 4.96 W/kg

Maximum value of SAR (measured) = 14.4 W/kg

dB
0

-4.00
-8.00
-12.00

-16.00

-20.00

0dB = 14.4 W/kg = 11.58 dBW/kg

Certificate No: D1800V2-2d007_Novi8 Page 7 of 8



Impedance Measurement Plot for Body TSL

Report No. HCT-SR-1906-FC001
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Calbration dase:
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Report No. HCT-SR-1906-FC001

Schweizerischer Kallbrierdienst
Service suisse d'étalonnage
Servizio svizzero dl tarstura
Swiss Calibration Service

Accreditation No.: SCS 0108

Primary Standards D#* Cal Data (Canificate No,) Schaduied Callbration

Power metes NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr16

Fower sensor NRP-291 SN; 103244 04-Apr-18 (No. 217-02672) Apr-1g

Power sensor NRP-Z291 SN: 103245 04-Apr-18 (No. 217-02573) Apr19

fleferenca 20 9B Attenuator SN: 5068 (20k) O4-Ape-18 (No, 21702662) Apr1g

Type-N mismatch combination SN: 5047.2 7 06327 04-Ape-18 (No, 217-02583) Apr-18

HAeferanca Probe EX3DV4 SN. 7340 31-Dec-18 (No. EX3-7342_Dea18) Dec-19

DAE4 8N: 601 04-Oct-18 (No, DAE4-601_Oct18) Oct10

Secondary Sandards 1D & Check MJl_l_tpuo) Schedulad Check

Powear meser E44198 SN: GB3US512475 07-0ct-15 (in house chack Fab-19) In house check: Oct-20

Power sensar HP B481A SN: US37282783 07-Qct-15 (in house check Oct-18} In housa check: Oct-20

Power sensor HP B4B1A SN; MY41002317 07:0ct-15 (in house check Oct-18) In house check: Oct-20

AF generalor R&S SMT-06 SN 100872 15-Jun-15 {in house chack Oct-18§ In house chack: Oct-20

Nelwork Analyzor Agllent EBSSBA | SN: LIS41080477 31-Mar-14 (in houss check Oct-18) In house chack: Oct-18
Name Function

Approved by:

mmmmmwummuwmummwdmw.

Cerfificate No: D1900V2-50032_Feb19
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H—a- Report No. HCT-SR-1906-FCO0T

Calibration Laboratory of RO
ST, Schwetzerischer Kalibrierglenst
Schmid & Partner g g Sarvice sulsse d'étalonnage
Engineering AG b Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % 47,*?&«“‘ S swiss Calibration Service
Accredited by the Swiss Accreditation Senvice (SAS) Accreditation No.; SCS 0108

mammmmsmaum«mwmmu
Muitilateral Agreement for the recognition 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) 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 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

c) |EC 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 Retum 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.

Eiectrical 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.

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%.

Centificate No: D1900V2-54032_Feb19 Pago20t8



Report No. HCT-SR-1906-FC001

Measurement Conditions
DASY system configuration, as far as not given on page 1,
DASY Version DASYS5 V52.10.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution ax, dy, dz =5 mm
Frequency 1900 MHz + 1 MMz
Head TSL parameters
The following parameters and calcutations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mha/m
Measured Hoad TSL parameters {220202)°C 408 +6% 1.38 mho/m £ 6%
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 measured 250 mW input power 9.87 Wikg
SAH for nominal Head TSL parameters nomalized to TW 40.0 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 517 Wiy
SAR for nominal Head TSL parametars normalized to 1W 20.9 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and caiculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL paramoters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220 £0.2)°C 536+6% 1.47 mho/m = 6 %
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 9.71 Wikg
SAR for nominal Body TSL parameters normalized to 1W 39.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.13 Wikg
SAR for nominai Body TSL parameters normalized to 1W 20.8 W/kg = 16,5 % (k=2)

Certificate No: D1500V2-5d032_Feb12
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Appendix (Additional assessments outside the scope of SCS 01 08)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4980+ 66
Return Loss -236dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4560 +6.7 Q2
Retun Loss -222d8

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.198 ns

After long term use with 100W radiated power, only a slight waming of the dipole near the feedpoint can ba maasured.

The dipole is made of standard semirigid coaxial cable, The canter conductor 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 dipcles, smali end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
‘Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is sl
according 1o the Standard,

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

Additional EUT Data

| Manutactured by SPEAG |

Certificate No: D1900V2-54032_Feb19 Paged ol 8



H—a- Report No. HCT-SR-1906-FCO0T

DASYS5 Validation Report for Head TSL

Date: 21.02,2019

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d032

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz; o = 1.38 S/m; & = 40.9; p = 1000 k/m”
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF{8.26, 8.26, 8.26) @ 1900 MHz; Calibrated: 31.12.2018
Sensor-Surface: |.4mm (Mechanical Surface Detection)

Electronics: DAEA4 Sn601; Calibrated; 04.10.2018

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS52 52.10.2(1495). SEMCAD X 14.6.12(7450)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=Smm, dz=5Smm

Reference Value = 109.8 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 18.2 W/kg

SAR(I g) = 9.87 W/kg: SAR(10 g) = 5.17 W/kg

Maximum value of SAR (measured) = 15.3 Wrkg

-4.00

-12.00

-16.00

-20.00

0dB =153 Wikg = 11.85 dBW/kg

Certificate No: D1800V2-548032_Feb19 Pege 5of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 21.02.2019

Test Laboratory: SPEAG, Zurich, Switzerfand

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d032

Communication System: UID 0 - CW: Frequency: 1900 MHz

Medium purameters used: f = 1900 MHz; o = 1.47 S/m; g = 53.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY32 Configuration:

Probe: EX3DV4 - SN7349; ConvFi.23, 8.23, 8.23) @ 1900 MHz; Calibrated: 31.12.2018
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (back). Type: QD 000 PSO AA; Serial: 1002

DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 104,5 V/m; Power Drift = -0,03 dB

Peak SAR (extrapolated) = 17.3 W/kg

SAR(I g) = 9.71 W/kg; SAR(10 g) = 5.13 W/kg

Maximum value of SAR (measured) = 14.6 W/kg

-4.00

-8.00

-12.00

-16.00

-20.00

0dB = 14.6 W/kg = 11.64 dBW/kg

Cenificate No: D1900V2-53032_Feb19 Page 7ol 8
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Impedance Measurement Plot for Body TSL
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Accracted by tha Swiss Accredtation Seevice (SAS)
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Calibration procedure(s)
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Report No. HCT-SR-1906-FC001

Service sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Calioraton Equipmant used (MATE critical for calibration)

This callboration cerificate documants the traceabiity 10 national stangards, which realize the phy

20l (2.5

U 0 A

d unita of

(s1),

The measuremeants and the unceranties with confidance prabability are given on the lollowing pages and are part of the cenificate.

All calibrations have been conducied in the clased labaratary facility: environment temperasture (22 + 3)°C and humidity < 70%.

Primary Stancards ion Ca! Date (Centificate No.) Scheduled Calibraticn
Power meter NRP SN: 104778 04-Apr18 (No. 217-02672/02873) Apr19

Powear sengor NARP-291 SN: 103244 04-Apr-18 (No. 217-02672) Ape-18

Power sensar NRP-Z91 SN: 103245 04-Apr-18 (No. 217.02673) Apr19

Refarence 20 d8 Attanuator SN: 5056 (20k) 04-Apr-18 (No, 217-02682) Apr1g

Typa-N mismatch combination SN; 5047 2/ 08327 04-Apr-18 (No. 217-02683) Apr19

Reterence Probe EX3DV4 SN; 7349 31-Deo-18 (No. EX3-7349_Dec18} Dec-19

DAE4 SN; 601 4-0c1-18 (No, DAE4-601_COct18) Oct-19

Secondary Standards 10 ¥ Check Data (in howsa) Schaduled Chack
Power mater EPM-4424, SN: GBA7480704 07-0c1-15 (in house check Oct-18) In housa check: Oct-20
Power sansor HP 8481A SN: USarzaz7ea 07-0c1-15 (n house check Oct-18) In hausa check: Oct-20
Power sansor HP 8481A SN: MY 41082317 07-0c1-15 (n house check Oct-18) In housa check: Oct-20
AF generator RAS SMT-08 SN 100972 15-Jurv 15 {in house chack Ocl-18) In housa check: Oct-20
Network Analyzer Agllent EB3584 | SN: US41080477 31-Mar-14 (in heuse check Oct-18) In housa check: Oct-19
Calbrated by

Approved by. -

Issued: Jaruary 26, 2019

This calibration certificate shall not be reproduced excapt In full without wrtten approval af the laboratory,

Certiticate No: D2450V2-743_Jan19
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Calibration Laboratory of S, S  Schweizerischer Kalibrierd
Schmid & Partner % o Service suisso détalonnage
Engineering AG N Servizio svizzoro dl taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland "4,,"/&\‘,@ S  Swiss Callbration Service
Accredied by the Swiss Accreditation Sevvice [SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multiiateral Agreement for the recognition 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) 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 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

c) |EC 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.

e 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 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.

e 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.

o 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 covefage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D2450V2-743_Jan18 Page 2of B
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Report No. HCT-SR-1906-FC001

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version Tm DASYS V52102
Extrapolation Advanced Exirapotation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 302 1.80 mha/m
Measured Head TSL parameters (22.0x0.2)°C J78x+6% 1.87 mho/m £ 6 %
Head TSL temperature change during test <05°C eee e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 @) of Head TSL Condition
SAR measured 250 mW input power 133 Whkg
SAR for nominal Head TSL parameters normalized to 1W 51.8 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g} of Head TSL condition
SAR measured 250 mW Input power 5,14 Wikag
SAR for nominal Head TSL parameters nomalized to 1W 24.2 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 82.7 1.95 mho/m
Measured Body TSL parameters (22.0202)°C 51.126% 2,03 mho/m = 6 %
Body TSL temperature change during test <05°C —
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.8 Wikg
SAR for nominal Bedy TSL parameters normalized to 1W 49.9 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.94 Wikg
SAR for nominal Body TSL parameters normalized to 1TW 23.4 Wikg = 16.5 % (k=2)

Certificate No: D2450V2-743_Jan19
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Report No. HCT-SR-1906-FC001

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5360 +55jQ
Retum Loss -24.0dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 5020+79|Q
Return Loss -221dB
General Antenna Parameters and Design
| Electrical Delay (one direction) [ 1.161 ns |

After long term use with 100W radkated power, only a slight warming of the dipcle near the feadpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor 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 10 the dipole arms in order to improve matching when loaded according to the position as explained in the
‘Measurement Conditions” paragraph, The SAR data are not affected by this change. The overall dipole length is still

according to the Standard,

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

feadpoint may be damaged.

Additional EUT Data

I Manutactured by

SPEAG

Centificate No: D2450V2-743_Jan19
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H—a- Report No. HCT-SR-1906-FCO0T

DASYS5 Validation Report for Head TSL

Date: 28.01.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:743

Communication System: UID () - CW: Frequency: 2450 MHz

Medium parameters used: [ = 2450 MHz; ¢ = 1.87 S/m; & = 37.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

« Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96) @ 2450 MHz; Calibrated: 31.12.2018

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAEA4 Sn601; Calibrated: 04.10.2018
= Phantom: Flat Phantom 5.0 (front): Type: QD 000 P50 AA: Serial: 1001

« DASYSZ 52.10.2(1495): SEMCAD X 14.6.12(7450)

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 = 116.5 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.6 W/kg

SAR(1 g) = 13.3 W/kg; SAR(10 g) = 6.14 W/kg

Maximum value of SAR (measured) = 22.1 W/kg

0.dB =22.1 Wikg = 13.44 dBW/ke

Centilicate No: D2450V2-743_Jan19 Page 50l 8



H—a- Report No. HCT-SR-1906-FCO0T

Impedance Measurement Plot for Head TSL
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H—a- Report No. HCT-SR-1906-FCO0T

DASYS5 Validation Report for Body TSL

Date: 28.01.2019

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:743

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

Medium parameters used: f = 2450 MHz; 6 =2.03 S/m; &, = 51.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration;

Probe: EX3DV4 - SN7349; ConvF(8.09, 8.09, 8.09) @ 2450 MHz; Calibrated: 31.12.2018
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (back}; Type: QD 000 P50 AA; Serial: 1002

DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 107.2 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 25.5 W/kg

SAR(1 g) = 12.8 W/kg; SAR(10 g) = 5.94 Wikg

Maximum value of SAR (measured) = 20.7 W/kg

‘ 580
<1000
1500
280

2540

0dB =20.7 W/kg = 13.16 dBW/kg

Ceniticate No: D2450V2-743_Jan19 Page 70! 8



H—a- Report No. HCT-SR-1906-FCO0T

Impedance Measurement Plot for Body TSL
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H—a- Report No. HCT-SR-1906-FCO0T

Calibration Laboratory of \‘\'\\2/')’ [rama\ § Schweissrischer Kalibierdionst

Schmid & Partner % C Service suisse détalonnage
Engineering AG oty Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzeriand G 4/ S swiss Calibraion Service

el “

Accradsed by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA

Multhateral Agreement for the gnition of calibration certificates

Calibvation procecure(s)

Calbration dato: November 20, 2018

This caltiration cedtificate documents 1he traceabiity 10 national standards, which realize the physical units of (S1)
The maasuwemants and the uncerainties with contidencs protability are given on the following pages and are past of the certificate.

All cafibrations have bean conducted in the dosed laboratory taciity. environment tamperature (22 = 3)°C and humidity < 70%.

Caivraton Equipmeant used (MATE crilical for calibration)

Primary Standards 1D # Cal Data (Certificate No.) Schaduled Caltrabon

Power meter NRP SN 104778 04-Apt-18 (No. 217-0267202873) Apr-19

Powsr sensor NRP-281 SN 103244 04-Apr-1B (No. 217-02672) Apr-19

Power sangor NRP-291 SN: 103245 O4-Ape-18 (No. 217-02673) Apt-19

Refarence 20 dB Attenuator SN: 5056 {20K) 04-Apr-1B (No. 217-02682) Apr-19

Type-N mismatch combnation SN: 5047 2/ 05327 04-Ape-18 (No. 217-02683) Apr-19

Refarence Probe EX30V4 SN: 7345 30-Dac-17 (No, EX3-7348_DeciT) Dac-18

DAE4 SN 601 04-Oct-18 (No. DAE4-601_Oct18) Oct-19

Sacondary Standards 10 # Check Date (In houss) Schedued Check

Power meter EPM-442A SN: GB37480704 07-Oct-15 (in house check Oct-18) In house check: Dct-20

Power sensoe HP BAB1A SN: US37292783 07-Oct-15 {in house check Oct-18) In house check: Oct-20

Power sensor HP B481A SN: MY41002117 07-Oct-15 {in house check Oct-18) In house chack: Dct-20

AF genersior RES SMT-06 SN: 100072 16-Jun-15 (in house check Oct-18) In heuse check: Oct-20

Netwark Analyzer Agilent EBISSA | SN: US41080477 31-Mar-14 {in house check Oct-18) In house chack: Dc-18
Hame Sigrature

Cabraled ty: ‘Lo Kiysnor

Approved by. Katjs Pokoac.

Issued: November 20, 2016
This calibration certdicate shal not be reproduced excapt in full without written appeoval of the laboratory.

Centificate No: D2600V2-1015_Nov18 Page 1 0f 8



H—a- Report No. HCT-SR-1906-FCO0T

Calibration Laboratory of S, S Schweizerischer Kalibrierd:
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG T Servizio svizzoro di taratura
Zeughsusstrasse 43, 8004 Zurich, Switzerland AN S swiss Catibration Servics
Accredited by the Swiss Accreditation Service (SAS) Accraditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of callbration 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 used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c) |EC 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.

e 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 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.

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%.

Certificate No: D2600V2-1015_Nov18 Page 201 8



Report No. HCT-SR-1906-FC001

Measurement Conditions
DASY systern configuration. as far as not given on page 1.
DASY Version DASYS V52,102
Extrapolation Advanced Extrapotation
Phantom Moaduiar Flat Phantom
Distance Dipole Conter - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MHz £ 1 MHz
Head TSL parameters
The following parameters and calcutations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 38.0 1.96 mho/m
Measured Head TSL parameters (220+£02)"C 373+6% 203 mho/m+6 %
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 measured 250 mW input power 14.9 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

58.1 W/kg £ 17.0 % (ks2)

SAR averaged over 10 cm® (10 g) of Head TSL condition

SAHA measured 250 mW inpul power 6.63 Wikg

SAR for nominal Head TSL parameters nomalized to 1W 26.1 Wikg = 16.5 % (k=2)
Body TSL parameters

The fellowing parameters and calcuiations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 20'C 525 2.16 mho/m

Measured Body TSL parameters (220202)"C 509+86% 220 mho/m + 6 %

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 measursd 250 mW input power 13.8 Wikg

SAH for nominal Body TSL parameters normakized to 1W 54.8 Wkg = 17.0 % (k=2)

SAR averaged over 10 cm? (10 g) of Body TSL condition

SAR measured 250 mW input power 6.14 Wikg

SAR for nominal Body TSL parameters normalized o 1W 24.3 Wikg = 16.5 % (k=2)

Certificate No: D2600V2-1015_Nov18

Page 3of8



Report No. HCT-SR-1906-FC001

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transtormed to feed paint 496 Q-41 0
Retum Loss -276dB
Antenna Parameters with Body TSL
Impedance, transtormed 1o feed point 4580-2802
Retum Loss -25.5dB
General Antenna Parameters and Design
l Electrical Delay (one direction) I 1.150 ns

After 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 semirigid coaxial cable. The center corductor of the feeding fine 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 to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.
No excessive lorce must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manufactured on October 30, 2007

Certificate No: D2600V2-1015_Nov18
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H—a- Report No. HCT-SR-1906-FCO0T

DASYS5 Validation Report for Head TSL

Date: 16,11.2018

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz: Type: D2600V2; Serial: D2600V2 - SN:1015

Commumnication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: = 2600 MHz: o = 2,03 S/m; & = 37.3; p = 1000 kg/m”
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.7, 7.7, 7.7) @ 2600 MHz; Calibrated: 30.12.2017
Sensor-Surface: I.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS52 52.10.2(1495), SEMCAD X 14.6.12(7450)

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 = 121.3 Vim; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 30.2 W/kg

SAR(I g) = 14.9 W/kg; SAR(10 g) = 6.63 W/kg

Maximum value of SAR (measured) = 25.0 W/kg

0dB =250 W/kg = 13.98 dBW/kg

Certificato No: D2600V2-1015_Novi8 PageS5of 8



H—a- Report No. HCT-SR-1906-FCO0T

Impedance Measurement Plot for Head TSL
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H—a- Report No. HCT-SR-1906-FCO0T

DASYS Validation Report for Body TSL

Date: 20.11,2018

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1015

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: f = 2600 MHz; o = 2.2 S/m; & = 50.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSI €63.19-2011)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.81, 7.81, 7.81) @ 2600 MHz; Calibrated: 30.12.2017
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASYS52 52.10.2(1495). SEMCAD X 14.6.12(7450)

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

Reference Value = 108.5 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 28.6 W/kg

SAR(1 g) = 13.9 W/kg: SAR(10 g) = 6.14 W/kg

Maximum value of SAR (measured) = 23.1 W/kg

5.00

-10.00

-15.00

-20.00

-25.00

0dB =23.1 W/kg = 13.64 dBW/kg

Certificate No: D2600V2-1015_Nov18 Page 7 of B



Impedance Measurement Plot for Body TSL

Report No. HCT-SR-1906-FC001
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Calibration Laboratory of S, T, Schwelzerischer Kalibrierdienst
Schmid & Partner N AN N Servics sulsse d'étalonnage
Engineering AG % /S C servizio svizzero o taraturn
Zeughaussirasse 43, 8004 Zurich, Switzerland T \‘ = S Swiss Calibration Service
Accredited by the Swiss Acoreditation Service {SAS) Accreditation No.: SCS 0108

mmmuﬁubmanmnmﬂ
Multilateral Agreemant for the recognition of calibration certificates

] 2w I7vail L 1 A

This catbration cenilicate documents the traceabllity to national standards, which realize the physical units of measuraments (1)
The measwements and the unceranties wih confidance probabiity & given on the following pages and are part of the cedtificata,

All calorations have been conducted in the closed aboratory facility. environment 1emperaturs (22 + 3)°C and humidity < 70%.

Calibation Equipment used (MATE critical for calbration)

Primary Standards 0 Cal Date {Certificate Ne.) Scheduled Calbration

Power matar NRP SN: 104778 O4-Ape 18 (No, 217-02672/02673) Apr18

Power sensor NAP-291 SN: 103244 D4-Apr-18 (No, 217-02672) Apr1g

Power seosor NRF-291 SN: 103245 04-Apr-18 (No, 217-02873) Apr19

Relarence 20 085 Attanuator SN: 5058 {20k) 04-Apr-18 {No. 217-02682) Apr1g

Type-N migmatch combination SN: 5047.2/08327  O4-Apr-18 {No. 217-02883) Apr-19

Aelereace Probe EX30VA SN: 3500 30-Dec-17 (No. EX3-3503_Dec17) Oec-18

DAES SN: 601 (4-0c1-18 (No, DAE4-601_Oet18) Oct19

Secordary Standards 0¢ Check Data (in house) Scheduled Check

Power matar EPM-442A SN: GB37480704 07-0ct-15 (in house check Oct- 18} In house check: Oct-20

Power sensor HP B481A SN: US37292783 07-0ct-15 (In house chack Oct-18) In house check; Oc1-20

Power sensor HP B481A SN: MY41062317 07-Oct-15 {in house chack Oct-18) In house check: Oct-20

RF ganarator A4S SMT-06 SN; 100872 18-Jus1-15 (in house check Oct-18) In heuse check: Oct-20

Netwark Anatyzar Agilort ES358A | SN: US41080477 31-Mar-14 {in housa chack Oct-18) In heuse chack: Oct-19
Function

Calrated by abioestory

Approved by:

This callbration cortificate shal not be reproduced axcept in ull without written apprava of the laboratory.

Carificate No: D5GH2V2-1253_Nov18 Page 1 of 13



H—a- Report No. HCT-SR-1906-FCO0T

Calibration Laboratory of s\‘“'w"',,; g s ischer Kalibrierdi
Schmid & Partner % G Service suisso détaionnage
Engineering AG T Servizio svizzero dl taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland o ,'7?\\'\,,\? S swiss Calibration Servica
Accradited by the Swiss Accreditation Service (SAS) Accreditation No,: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilatoral Agreement for the recognition 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) IEEE Std 1528-2013, "|[EEE 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 used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

¢) 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 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,

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%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS V52.10.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution tx, dy =4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z diraction)
5250 MHz + 1 MHz

Frequency 5600 MHz = 1 MHz
5750 MHz = 1 MHz

Head TSL parameters at 5250 MHz
The following parameters and calculations were apolied,

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 359 4.71 mhoim

Measured Head TSL parameters (220=02)*C 362:6% 4.50 mha/m + 6 %

Head TSL temperature change during test <05°C - —_
SAR result with Head TSL at 5250 MHz

SAR averaged over 1 cm’ {1 g) of Head TSL Condition

SAH measured 100 mW input power 8.20 Wikg

SAR for nominal Head TSL parameters normalized to 1W 82.0 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL condition

SAR measured 100 mW input power 2.34 Wikg

SAH for nominal Head TSL parameters normalized to 1W 23.4 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Report No. HCT-SR-1906-FC001

Temperature Permittivity Conductivity

Nominal Head TSL parameters 20C 385 5.07 mha/m

Measured Head TSL parameters {220+02)°C 357+6% 4.84 mho/m « 6 %

Head TSL temperature change during test <05°C - -
SAR result with Head TSL at 5600 MHz

SAR averaged over 1 cm” (1 g) of Head TSL Condition

SAR measured 100 mW input power 8.39 Wikg

SAR for nominal Head TSL parameters normalized to 1W 83.8 W/ kg = 19.9 % (k=2)

SAR averaged over 10 cm” (10 g) of Head TSL condition

SAH measured 100 mW input power 2.39 Wikg

SAR for nominal Head TSL parameters normalized to 1TW 23.9 Wikg = 19.5 % (k=2)
Head TSL parameters at 5750 MHz

The following parameters and calculations were applied,
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 354 5.22 mho/m

Measured Head TSL parameters (22.0+02)°C 355+6% 510 mho'm =6 %

Head TSL temperature change during test <05°C - —_
SAR result with Head TSL at 5750 MHz

SAR averaged over 1 cm’ (1 g) of Head TSL Condition

SAR measured 100 mW input power 8.23 Wiky

SAR for nominal Head TSL paramsters normalized 16 1W 82.3 Wikg £ 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL condition

SAR measured 100 mW input power 2.34 Whkg

SAR for nominal Head TSL parameters normalized to 1W 23.4 Wikg = 18.5 % (k=2)
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Body TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Report No. HCT-SR-1906-FC001

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.0 5,36 mho/m
Measured Body TSL paramelters (220£02)"C 475286% 546 mho/m + 6 %
Body TSL temperature change during test <05°C — —
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 100 mW input power 784 Wiy
SAR for nominal Body TSL parameters normalized to 1W 78.0 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 100 mW input power 217 Wikg
SAR for nominal Body TSL parameters normalized to TW 21.6 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220“C 485 5.77 mho/m
Measured Body TSL parameters (220=02)°C 46826% 5.94 mho/m + 6 %
Body TSL temperature change during test <05°C - -
SAR resuit with Body TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 8.21 Whkg

SAR for nominal Body TSL parameters

normaiized to 1W

81.6 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW input power 2.28 Wikg
SAR for nominal Body TSL parameters normalized to tW 22.6 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Report No. HCT-SR-1906-FC001

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 483 5.94 mha/m

Measured Body TSL parameters (22.0+02)"C 466+6% 6.15 mho/m =8 %

Body TSL temperature change during test <05°C — -
SAR result with Body TSL at 5750 MHz

SAR averaged over 1 em’ (1 g) of Body TSL Condition

SAR measured 100 mW input power 777 Wikg

SAR for nominal Body TSL parameters normalized to 1W 77.3 Wikg = 19.9 % (k=2)

SAR averaged over 10 em’ (10 g) of Body TSL condition

SAR measured 100 mW input power 216 Wikg

SAR for nominal Body TSL paramsters normalized 10 1W 21.4 Wikg = 18.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 4320-4212

Returmn Loss -274dB
Antenna Parameters with Head TSL at 5600 MHz

Impedancs, transformed to feed point 5270Q+27K

Return Loss -28.6d8
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed 1o feed paint 5410Q+40jQ

Return Loss -252d8
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to fead point 4940Q-20i0

Return Loss -336dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 525Q+31Q

Retumn Loss -28.2d8
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed polnt 5650 +3812

Retumn Loss -23.0dB
General Antenna Parameters and Design

I Electrical Delay (one direction) 1195 ns ]

After 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 semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The anterina is theretore short-circulted for DC-signals. On some of the dipoles, small end caps
are acded 1o the dipole arms in order to improve matching when loaded according o the position as explained in the
“Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

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

feedpoint may be damaged.
Additional EUT Data

Manufactured by

SPEAG

Manutactured on

January 22, 2016
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DASYS5 Validation Report for Head TSL

Date; 15.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole D5GHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1253

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: = 5250 MHz; 0 = 4.5 Sim; & = 36.2; p = 1000 kg/m”

Medium parameters used: f= 5600 MHz; o = 4.84 S/m; &, = 35.7, p = 1000 kg/m’ ,

Medium parameters used: f= 5750 MHz; o = 5.1 8/m; & = 35.5; p = 1000 kg/m’

Phuntom section: Flat Section

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

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.51, 5,51, 5.51) @ 5250 MHz,
ConvF(5.05.5.05, 5.05) @ 5600 MHz,
ConvF(4.98, 4.98. 4 98) @ 5750 MHz; Calibrated: 30.12.2017

*  Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

*  Electronics: DAE4 Sn601 (5G); Calibrated: 04.10.2018

« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
* DASYS52 52,10.2(1495); SEMCAD X 14.6.12(7446)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, =5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 80.61 V/m; Power Drift = -0.09 dB

Peak SAR (extrupolated) = 27,6 Wikg

SAR(I g) = 8.2 W/kyg; SAR(10 g) = 2.34 W/kg

Maximum value of SAR (measured) = 18.3 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=56(0) MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1_ 4mm

Reference Value = 77,68 Vim; Power Drift = -0.01 dB

Peuk SAR (extrupolated) = 30.8 Wikg

SAR(1 g) = 8.39 W/kg; SAR(10 g) = 2.39 W/kg

Maximum value of SAR (measured) = 19.6 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=!.4mm

Reference Valoe = 75.48 Vim; Power Drift = -0.(M dB

Peak SAR (extrapolated) = 30.7 Wikg

SAR(1 g) = 8.23 W/kg; SAR(10 g) = 2.34 W/kg

Maximum value of SAR (measured) = 19.2 W/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 22.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1253

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; ¢ = 5.46 8/m; &, = 47.5; p = 1000 kg/m”

Medium parumeters used: f = 5600 MHz; 6 = 5.94 S/m; & = 46.8; p = 1000 kg/m’,

Medium parameters used: f = 5750 MHz; o = 6,15 S/m; & = 46.6; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS2 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(5.26. 5.26, 5.26) @ 5250 MHz,
ConvF(4.65, 4.65, 4.65) @ 5600 MHz,
ConvF(4.57,4.57, 4.57) @ 5750 MHz; Calibrated: 30,12.2017

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

«  Electronics: DAE4 Sn601 (5G); Calibrated: 04.10.2018

« Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Senal: 1002
= DASYS5252.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 69,32 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 30.5 Wikg

SAR(1 g) = 7.84 W/kg; SAR(10 g) = 2.17 W/kg

Maximum value of SAR (measured) = 18.6 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, {=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: ds=4mm, dy=4mm, dz=1 4mm

Reference Valoe = 69.85 V/im; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 34.8 Wikg

SAR(1 g) = 8.21 W/kg; SAR(10 g) = 2.28 W/kg

Muaximum value of SAR (measured) = 20.3 Wkg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 67.21 V/im; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 33.5 Wikg

SAR(1 g) = 7.77 W/kg; SAR(10 g) = 2.16 W/kg

Maximum value of SAR (measured) = 19.3 W/kg
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0dB = 18.6 Wikg =
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Impedance Measurement Plot for Body TSL
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Schmia & Parines Enginearing AG i e g a g

Zeughaussirasse 43, 8004 Zunch. Switzeslana
Frong +41 44 245 9700, Fax +4°% 44 2459779
info@ispoag com, htp www spea) com

Certificate of conformity / First Article Inspection

Item Triple Modular Flat Phantorn V5.1
Type No QDOCOP51C
Series No 1100 and higher
Manufacturer / Origin Untarsee Composites
Knebelstrasse 8, CH-8268 Mannenbach, Switzerland

Tests
The sub-units of item 1100 are identified with the designation 1100/1, 1100/2 and 1100/3. Tesls were
conducted on all 3 sub-units of this phantom.

[Test | Requirement Details Units tested
Material Compliant with the standard 2 mm +/- 0.2 mm all
thickness requiraments. 30 points over the bottom area
Material Dislectric parameters for required | 200 MHz — 6 GHz - Material
parameters frequencies Relative permittivity 3 - 5 sample

R Loss tangent < 0.05.
Material The material is compatible with DGBE based simuiating liquids, | Material
resistivity the liquids defined in the Observa Technical Note for Samples

standards If handied and cleaned | material compatibility,
according to the instructions.
Shape Internal dimensions Internal height: > 175 mm Pre-series,
Bottomn internal length: 280 mm | design
Bottom Intermnal width; 175 mm
Nominal filing hewght: 155 mm
Nominal volume: 9.2 | P
Sagging Depending on standard No initial sagging (negative 110072
preshaped, change < 0.5 mm)

Standards

[1] |EEE 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head Irom Wireless Communications Devices; Measurement
Techniques®, June 2013

[2] |EC 62209 - 1, *Specitic Absorption Rate (SAR) in the frequency range of 300 MMz to 3 GHz -
Measurement Procedure, Part 1: Hand-held mobile wireless communication devices”, February
2005

[3] |EC 62208 - 2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld and
Body-Mounted Wireless Communication Devices In the Frequency Range of 30 MHz to 6 GHz:
Human models, Instrumentation and Procedures, Part 2: Procedure te determine the Specific
Absorption Rate (SAR) for ... including accessorias and multiple transmitters®, March 2010

[4] KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHZ"

Conformity
Based on the dimensions and sample tests above, we certdy that this item is in compliance with the
standards [1] to [4] for frequencies > 700 MHz, if operated according to the specific requirements.

Date 16,07.2015
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