Tones 26T 52T 106T 24217 484T 996T
Mode/ Band . . . . . . . . . . . .
Channel | Maximum | Nominal Maximum Nominal Maximum Nominal Maximum Nominal | Maximum | Nominal | Maximum | Nominal
36 8.00 6.50 11.00 9.50 14.00 12.50 14.00 12.50
40 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50
44 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50
48 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50
52 8.00 6.50 11.00 9.50 14.00 12.50 16.75 15.25
56 8.00 6.50 11.00 9.50 14.00 12.50 16.75 15.25
60 8.00 6.50 11.00 9.50 14.00 12.50 16.75 15.25
64 8.00 6.50 11.00 9.50 13.00 11.50 13.00 11.50
100 7.00 5.50 10.00 8.50 12.75 11.25 12.75 11.25
104 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
108 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
112 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
20 MHz Bandwidth 116 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
120 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
124 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
128 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
132 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
136 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
140 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
Modulated Average - 144 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
2 Tx Chain (dBm) 149 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
DD - 5GHz 153 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
ANTlower 157 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
161 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
165 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
38 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00
46 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50
54 8.00 6.50 11.00 9.50 14.00 12.50 16.75 15.25
62 8.00 6.50 11.00 9.50 11.25 9.75 11.25 O%/5)
102 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
40 MHz Bandwidth 110 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
118 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
126 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
134 7.00 5.50 10.00 8.50 13.00 11.50 13.75 12.25
142 7.00 5.50 10.00 8.50 13.00 11.50 10.50 9.00
151 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
159 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
42 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 . .

58 8.00 6.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50

80 MHz Bandwidth 106 7.00 5.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50

122 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00 15.50 14.00 15.50 14.00

138 7.00 5.50 10.00 8.50 13.00 11.50 10.50 9.00 13.75 12.25 15.50 14.00

155 14.00 12.50 14.00 12.50 14.00 12.50 14.00 12.50 14.00 12.50 14.00 12.50
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Tones 26T 52T 106T 24217
Mode/ Band . . . . . . . . . . . .
Channel | Maximum | Nominal | Maximum | Nominal | Maximum | Nominal | Maximum | Nominal [Maximum| Nominal [Maximum| Nominal
36 8.00 6.50 11.00 9.50 14.00 12.50 14.00 12.50
40 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50
44 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50
48 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50
52 8.00 6.50 11.00 9.50 14.00 12.50 16.75 15.25
56 8.00 6.50 11.00 9.50 14.00 12.50 16.75 15.25
60 8.00 6.50 11.00 9.50 14.00 12.50 16.75 525
64 8.00 6.50 11.00 9.50 13.00 11.50 13.00 11.50
100 8.00 6.50 11.00 9.50 12.75 11.25 12.75 11.25
104 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
108 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
112 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
20 MHz Bandwidth 116 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
120 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
124 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
128 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
132 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
136 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
140 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
Modulated Average - 144 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
. 149 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
2 Tx Chain (dBm)
SDM - 5GHz 153 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
ANTlower 157 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
161 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
165 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
38 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00 11.50
46 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50 17.00
54 8.00 6.50 11.00 9.50 14.00 12.50 16.75 5205 16.75 15.25
62 8.00 6.50 11.00 9.50 11.25 /s 11.25 i) 11.25 9.75
102 8.00 6.50 11.00 9.50 10.50 9.00 10.50 9.00 10.50 9.00
40 MHz Bandwidth 110 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
118 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
126 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
134 8.00 6.50 11.00 9.50 13.75 j12825) 13.75 W2205 13.75 12.25
142 8.00 6.50 11.00 9.50 14.00 12.50 10.50 9.00 15.50 14.00
151 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
159 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
42 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
58 8.00 6.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50
80 MHz Bandwidth 106 8.00 6.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50
122 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00 15.50 14.00
138 8.00 6.50 11.00 9.50 14.00 12.50 10.50 9.00 13.75 12.25 15.50 14.00
155 14.00 12.50 14.00 12.50 14.00 12.50 14.00 12.50 14.00 12.50 14.00 12.50

Note: In MIMO operations, 5GHz ANTlower transmits at maximum allowed powers as indicated above for both 2 Tx CDD and 2 Tx SDM.

FCC ID: BCGA2232

#\ PCTEST

SAR EVALUATION REPORT

Reviewed by:
Quality Manager

Test Dates: DUT Type: APPENDIX H:
12/20/2019 — 02/05/2020 Tablet Device Page 6 of 25
REV21.2M

© 2020 PCTEST

12/05/2018




D.

5GHz ANTupper

FCC ID: BCGA2232

“\ PCTEST

SAR EVALUATION REPORT

Tones T 106T 2421 4841 996T
Mode/ Band . . " . " " .
Channel | Maximum Nominal Maximum Nominal Maximum Nominal Maximum Nominal  |Maximum| Nominal [Maximum| Nominal
36 11.00 9.50 14.00 12.50 15.00 13.50 15.00 13.50
40 11.00 9.50 14.00 12.50 17.00 15.50 17.00 15.50
44 11.00 9.50 14.00 12.50 17.00 15.50 17.00 15.50
48 11.00 9.50 14.00 12.50 17.00 15.50 17.00 15.50
52 11.00 9.50 14.00 12.50 16.75 1575 16.75 1575
56 11.00 9.50 14.00 12.50 16.75 15.25 16.75 15.25
60 11.00 9.50 14.00 12.50 16.75 15.25 16.75 15.25
64 11.00 9.50 14.00 12.50 14.00 12.50 14.00 12.50
100 11.00 9.50 14.00 12.50 14.00 12.50 14.00 12.50
104 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
108 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
112 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
20 MHz Bandwidth 116 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
120 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
124 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
128 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
132 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
136 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
140 10.00 8.50 11.50 10.00 11.50 10.00 11.50 10.00
144 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
Modulated Average -

Single Tx Chain 149 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
(dBm) - 5GHz 153 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
ANTupper 157 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
161 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
165 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
38 11.00 9.50 12.50 11.00 12.50 11.00 12.50 11.00
46 11.00 9.50 14.00 12.50 17.00 15.50 17.00 15.50
54 11.00 9.50 14.00 12.50 16.75 15.25 16.75 15.25
62 11.00 9.50 12.50 11.00 12.50 11.00 12.50 11.00
102 11.00 9.50 12.00 10.50 12.00 10.50 12.00 10.50
40 MHz idth 110 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
118 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
126 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
134 11.00 9.50 14.00 12.50 15.00 13.50 15.00 13.50
142 11.00 9.50 14.00 12.50 15.50 14.00 11.50 10.00
151 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
159 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
42 11.00 9.50 12.00 10.50 12.00 10.50 12.00 10.50

58 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00

80 MHz h 106 11.00 9.50 11.00 9.50 11.00 9.50 11.00 9.50 11.00 9.50 11.00 9.50

122 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00

138 11.00 9.50 14.00 12.50 15.50 14.00 11.50 10.00 15.00 13.50 15.50 14.00

155 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00 15.50 14.00
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FCC ID: BCGA2232

“\ PCTEST

SAR EVALUATION REPORT

Tones 26T 52T 106T 2421 484T 996T
Mode/ Band ! ] ! . ’ . ! ] ) ; ! |
Channel | Maximum Nominal Maximum Nominal Maximum Nominal Maximum Nominal | Maximum| Nominal [Maximum| Nominal
36 8.00 6.50 11.00 9.50 14.00 12.50 14.00 12.50
40 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50
44 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50
48 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50
52 8.00 6.50 11.00 9.50 14.00 12.50 16.75 1575
56 8.00 6.50 11.00 9.50 14.00 12.50 16.75 15.25
60 8.00 6.50 11.00 9.50 14.00 12.50 16.75 15.25
64 8.00 6.50 11.00 9.50 13.00 11.50 13.00 11.50
100 7.00 5.50 10.00 8.50 12.75 11.25 12.75 11.25
104 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
108 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
112 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
20 MHz Bandwidth 116 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
120 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
124 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
128 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
132 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
136 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
140 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
144 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
Modulated Average -
. 149 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
2 Tx Chain (dBm)
€DD - 5GHz 153 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
ANTupper 157 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
161 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
165 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
38 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00
46 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50
54 8.00 6.50 11.00 9.50 14.00 12.50 16.75 15.25
62 8.00 6.50 11.00 9.50 11.25 (9575 11.25 85751
102 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
40 MHz idth 110 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
118 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
126 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00
134 7.00 5.50 10.00 8.50 13.00 11.50 13.75 12.25
142 7.00 5.50 10.00 8.50 13.00 11.50 10.50 9.00
151 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
159 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
42 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 . I

58 8.00 6.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50

80 MHz idth 106 7.00 5.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50

122 7.00 5.50 10.00 8.50 13.00 11.50 15.50 14.00 15.50 14.00 15.50 14.00

138 7.00 5.50 10.00 8.50 13.00 11.50 10.50 9.00 10.50 9.00 15.50 14.00

155 14.00 12.50 14.00 12.50 14.00 12.50 14.00 12.50 14.00 12.50 14.00 12.50
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Tones 26T 52T 106T 2421 484T 996T
Mode/ Band . . : . ’ ; ) ] . . : ;
Channel | Maximum | Nominal | Maximum [ Nominal | Maximum | Nominal | Maximum | Nominal |Maximum| Nominal [Maximum| Nominal
36 8.00 6.50 11.00 9.50 14.00 12.50 14.00 12.50
40 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50
44 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50
48 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50
52 8.00 6.50 11.00 9.50 14.00 12.50 16.75 15.25
56 8.00 6.50 11.00 9.50 14.00 12.50 16.75 15.25
60 8.00 6.50 11.00 9.50 14.00 12.50 16.75 15.25
64 8.00 6.50 11.00 9.50 13.00 11.50 13.00 11.50
100 8.00 6.50 11.00 9.50 12.75 11.25 12.75 11.25
104 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
108 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
112 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
20 MHz Bandwidth 116 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
120 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
124 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
128 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
132 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
136 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
140 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
144 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00
Modulated Average -
. 149 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
2 Tx Chain (dBm)
SDM - 5GHz 153 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
ANTupper 157 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
161 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
165 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
38 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00 11.50
46 8.00 6.50 11.00 9.50 14.00 12.50 17.00 15.50 17.00 15.50
54 8.00 6.50 11.00 9.50 14.00 12.50 16.75 15.25 16.75 15.25
62 8.00 6.50 11.00 9.50 11.25 9.75 11.25 9.75 11.25 9.75
102 8.00 6.50 11.00 9.50 10.50 9.00 10.50 9.00 10.50 9.00
40 MHz Bandwidth 110 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
118 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
126 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00
134 8.00 6.50 11.00 9.50 13.75 12.25 13.75 12.25 13.75 12.25
142 8.00 6.50 11.00 9.50 14.00 12.50 10.50 9.00 15.50 14.00
151 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
159 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25 15.75 14.25
42 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
58 8.00 6.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50
80 MHz Bandwidth 106 8.00 6.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50
122 8.00 6.50 11.00 9.50 14.00 12.50 15.50 14.00 15.50 14.00 15.50 14.00
138 8.00 6.50 11.00 9.50 14.00 12.50 13.75 12.25 13.75 12.25 15.50 14.00
155 14.00 12.50 14.00 12.50 14.00 12.50 14.00 12.50 14.00 12.50 14.00 12.50

Note: In MIMO operations, 5GHz ANTupper transmits at maximum allowed powers as indicated above for both 2 Tx CDD and 2 Tx SDM.
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1.2.2

A.

Antenna 2A

Below table is applicable in the following conditions:
-Simultaneous conditions with Licensed Bands Antenna 2A/2B
-Simultaneous conditions with LTE Inter-band ULCA

Reduced 802.11ax RU WLAN Output Power

Tones 26T 52T 106T 2427
Mode/ Band Channel | Maximum [ Nominal | Maximum Nominal Maximum Nominal Maximum Nominal
1 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
2 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
3 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
4 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
Modulated 5 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
Average - 20 MHz 6 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
Single Tx Chain . 7 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
Bandwidth
(dBm) - 8 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
Antenna 2A 9 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
10 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
11 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
12 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
13 N/A N/A N/A N/A N/A N/A N/A N/A
Below table is applicable in the following conditions:
-Simultaneous conditions with Licensed Bands Antenna 2A/2B
-Simultaneous conditions with LTE Inter-band ULCA
Tones 26T 52T 106T 2427
Mode/ Band . . . . . . . .
Channel | Maximum [ Nominal | Maximum Nominal Maximum Nominal Maximum Nominal
1 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
2 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
3 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
4 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
5 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
Modulated
Average - 2 Tx 20 MHz 6 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
Chain (dBm) - Bandwidth 7 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
Antenna 2A 8 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
9 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
10 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
1 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
12 7.00 5.50 7.00 5.50 7.00 5.50 7.00 5.50
13 N/A N/A N/A N/A N/A N/A N/A N/A

Note: In MIMO operations, Antenna 2A transmits at maximum allowed powers at indicated above.

B.

Antenna 4A

Below table is applicable in the following conditions:
-Simultaneous conditions with Licensed Bands Antenna 4A/4B
-Simultaneous conditions with LTE Inter-band ULCA

© 2020 PCTEST

Tones 26T 52T 106T 2427
Mode/ Band Channel | Maximum [ Nominal | Maximum Nominal Maximum Nominal Maximum Nominal
1 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
2 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
3 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
4 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
Modulated 5 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
Average - 20 MHz 6 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
Single Tx Chain . 7 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
Bandwidth
(dBm) - 8 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
Antenna 4A 9 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
10 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
11 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
12 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
13 N/A N/A N/A N/A N/A N/A N/A N/A
Z\ PCTEST Reviewed by:
FCC ID: BCGA2232 SAR EVALUATION REPORT .
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Below table is applicable in the following conditions:
-Simultaneous conditions with Licensed Bands Antenna 4A/4B
-Simultaneous conditions with LTE Inter-band ULCA

Tones 26T 52T 106T 2427
Mode/ Band . R . . . . . .
Channel | Maximum [ Nominal | Maximum Nominal Maximum Nominal Maximum Nominal
1 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
2 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
3 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
4 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
5 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
Modulated 6 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
Average - 2 Tx 20 Mtz 7 6‘75 5‘25 6.75 5‘25 Gl75 5125 6.75 5-25
Chain (dBm) - Bandwidth : - - - - - - -
8 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
Antenna 4A
9 6.75 5725 6.75 5725 6.75 5728 6.75 5725
10 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
1 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
12 6.75 5.25 6.75 5.25 6.75 5.25 6.75 5.25
13 N/A N/A N/A N/A N/A N/A N/A N/A

Note: In MIMO operations, Antenna 4A transmits at maximum allowed powers at indicated above.

C. 5GHz ANTlower

Below table is applicable in the following conditions:
-Simultaneous conditions with Licensed Bands Antenna 2A
-Simultaneous conditions with LTE Inter-band ULCA

FCC ID: BCGA2232

#\ PCTEST

SAR EVALUATION REPORT

Tones 26T 52T 1067 2421 4841 996T
Mode/ Band ; ; ) ’ ) ; ) . ) ) . ;
Channel | Maximum Nominal Maximum Nominal Maximum Nominal Maximum Nominal ~ [Maximum| Nominal | Maximum | Nominal
36 11.00 9.50 13.00 11.50 13.00 11.50 13.00 11.50
40 11.00 9.50 13.00 11.50 13.00 11.50 13.00 11.50
44 11.00 9.50 13.00 11.50 13.00 11.50 13.00 11.50
48 11.00 9.50 13.00 11.50 13.00 11.50 13.00 11.50
52 11.00 9.50 12.75 11.25 12.75 11.25 12.75 11.25
56 11.00 9.50 12.75 11.25 12.75 11.25 12.75 11.25
60 11.00 9.50 12.75 11.25 12.75 11.25 12.75 11.25
64 11.00 9.50 12.75 11.25 12.75 11.25 12.75 11.25
100 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
104 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
108 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
112 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
20 MHz Bandwidth 116 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
120 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
124 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
128 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
132 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
136 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
140 10.00 8.50 11.50 10.00 11.50 10.00 11.50 10.00
Modulated Average - 144 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
Single Tx Chain 149 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
(dBm) - 5GHz 153 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
ANTlower 157 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
161 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
165 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
38 11.00 9.50 12.50 11.00 12.50 11.00 12.50 11.00 12.50 11.00
46 11.00 9.50 13.00 11.50 13.00 11.50 13.00 11.50 13.00 11.50
54 11.00 9.50 12.75 11.25 12.75 11.25 12.75 11.25 12.75 11.25
62 11.00 9.50 12.50 11.00 12.50 11.00 12.50 11.00 12.50 11.00
102 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
40 MHz Bandwidth 110 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
118 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
126 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
134 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
142 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
151 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
159 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
42 11.00 9.50 12.00 10.50 12.00 10.50 12.00 10.50 12.00 10.50 12.00 10.50
58 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
80 MHz Bandwidth 106 11.00 9.50 11.00 9.50 11.00 9.50 11.00 9.50 11.00 9.50 11.00 9.50
122 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
138 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
155 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
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Below table is applicable in the following conditions:
-Simultaneous conditions with Licensed Bands Antenna 2A
-Simultaneous conditions with LTE Inter-band ULCA

FCC ID: BCGA2232

#\ PCTEST

SAR EVALUATION REPORT

Tones 26T 52T 106T 2427 484T 996T
Mode/ Band : } ) ) ) ] ) . ] . ;
Channel | Maximum Nominal Maximum Nominal Maximum Nominal Maximum Nominal [ Maximum| Nominal | Maximum | Nominal
36 8.00 6.50 11.00 9.50 13.00 11.50 13.00 11.50
40 8.00 6.50 11.00 9.50 13.00 11.50 13.00 11.50
44 8.00 6.50 11.00 9.50 13.00 11.50 13.00 11.50
48 8.00 6.50 11.00 9.50 13.00 11.50 13.00 11.50
52 8.00 6.50 11.00 9.50 12.75 11.25 12.75 11.25
56 8.00 6.50 11.00 9.50 12.75 11.25 12.75 11.25
60 8.00 6.50 11.00 9.50 12.75 11.25 12.75 11.25
64 8.00 6.50 11.00 9.50 12.75 11.25 12.75 11.25
100 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00
104 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00
108 7.00 550 10.00 8.50 11.50 10.00 11.50 10.00
112 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00
20 MHz Bandwidth 116 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00
120 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00
124 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00
128 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00
132 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00
136 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00
140 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
Modulated Average - 144 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00
2Tx Chain (dBm) 149 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
DD - 5GHz 153 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
ANTlower 157 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
161 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
165 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
38 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
46 8.00 6.50 11.00 9.50 13.00 11.50 13.00 11.50 13.00 11.50
54 8.00 6.50 11.00 9.50 12.75 11.25 12.75 11.25 12.75 11.25
62 8.00 6.50 11.00 9.50 11.25 9.75 11.25 OS] 11.25 9.75
102 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00 10.50 9.00
40 MHz Bandwidth 110 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00 11.50 10.00
118 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00 11.50 10.00
126 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00 11.50 10.00
134 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00 11.50 10.00
142 7.00 5.50 10.00 8.50 11.50 10.00 10.50 9.00 11.50 10.00
151 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
159 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
42 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
58 8.00 6.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50
80 MHz Bandwidth 106 7.00 5.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50
122 7.00 5.50 10.00 8.50 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
138 7.00 5.50 10.00 8.50 11.50 10.00 10.50 9.00 11.50 10.00 11.50 10.00
155 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
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Below table is applicable in the following conditions:
-Simultaneous conditions with Licensed Bands Antenna 2A
-Simultaneous conditions with LTE Inter-band ULCA

Tones 26T 52T 106T 2427 484T 996T
Mode/ Band . . . . . . . . . . . .
Channel | Maximum | Nominal | Maximum | Nominal | Maximum | Nominal | Maximum | Nominal [Maximum| Nominal |Maximum| Nominal
36 8.00 6.50 11.00 9.50 13.00 11.50 13.00 11.50
40 8.00 6.50 11.00 9.50 13.00 11.50 13.00 11.50
44 8.00 6.50 11.00 9.50 13.00 11.50 13.00 11.50
48 8.00 6.50 11.00 9.50 13.00 11.50 13.00 11.50
52 8.00 6.50 11.00 9.50 12.75 11.25 12.75 11.25
56 8.00 6.50 11.00 9.50 12.75 11.25 12.75 11.25
60 8.00 6.50 11.00 9.50 12.75 11.25 12.75 11.25
64 8.00 6.50 11.00 9.50 12.75 11.25 12.75 11.25
100 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00
104 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00
108 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00
112 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00
20 MHz Bandwidth 116 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00
120 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00
124 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00
128 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00
132 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00
136 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00
140 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
Modulated Average - 144 8.00 6.50 10.50 9.00 10.50 9.00 11.50 10.00
2 Tx Chain (dBm) 149 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
SDM - 5GHz 153 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
ANTlower 157 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
161 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
165 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
38 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
46 8.00 6.50 11.00 9.50 13.00 11.50 13.00 11.50 13.00 11.50
54 8.00 6.50 11.00 9.50 12.75 11.25 12.75 11.25 12.75 11.25
62 8.00 6.50 11.00 9.50 11.25 9.75 11.25 9.75 11.25 9.75
102 8.00 6.50 11.00 9.50 10.50 9.00 10.50 9.00 10.50 9.00
40 MHz Bandwidth 110 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
118 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
126 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
134 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00
142 8.00 6.50 11.00 9.50 11.50 10.00 10.50 9.00 11.50 10.00
151 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
159 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
42 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
58 8.00 6.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50
80 MHz Bandwidth 106 8.00 6.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50
122 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00
138 8.00 6.50 11.00 9.50 11.50 10.00 10.50 9.00 11.50 10.00 11.50 10.00
155 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00

Note: In MIMO operations, 5GHz ANTlower transmits at maximum allowed powers as indicated above for
both 2 Tx CDD and 2 Tx SDM.

FCC ID: BCGA2232
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D. 5GHz ANTupper

Below table is applicable in the following conditions:
-Simultaneous conditions with Licensed Bands Antenna 3
-Simultaneous conditions with LTE Inter-band ULCA

FCC ID: BCGA2232

#\ PCTEST

SAR EVALUATION REPORT

Tones 26T 52T 106T 24217 4841 996T
Mode/ Band . . . . . . . . . . . .
Channel | Maximum Nominal Maximum Nominal Maximum Nominal Maximum Nominal ~ [Maximum| Nominal |Maximum| Nominal
36 11.00 9.50 12.00 10.50 12.00 10.50 12.00 10.50
40 11.00 9.50 12.00 10.50 12.00 10.50 12.00 10.50
44 11.00 9.50 12.00 10.50 12.00 10.50 12.00 10.50
48 11.00 9.50 12.00 10.50 12.00 10.50 12.00 10.50
52 11.00 9.50 11.75 10.25 11.75 10.25 11.75 10.25
56 11.00 9.50 11.75 10.25 11.75 10.25 11.75 10.25
60 11.00 9.50 11.75 10.25 11.75 10.25 11.75 10.25
64 11.00 9.50 11.75 10.25 11.75 10.25 11.75 10.25
100 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
104 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
108 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
112 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
20 MHz Bandwidth 116 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
120 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
124 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
128 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
132 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
136 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
140 10.00 8.50 10.50 9.00 10.50 9.00 10.50 9.00
144 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
Modulated Average -

Single Tx Chain 149 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
(dBm) - 5GHz 153 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
ANTupper 157 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
161 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
165 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
38 11.00 9.50 12.00 10.50 12.00 10.50 12.00 10.50
46 11.00 9.50 12.00 10.50 12.00 10.50 12.00 10.50
54 11.00 9.50 11.75 10.25 11.75 10.25 11.75 10.25
62 11.00 9.50 11.75 10.25 11.75 10.25 11.75 10.25
102 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
40 MHz Bandwidth 110 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
118 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
126 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
134 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
142 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
151 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
159 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
42 11.00 9.50 12.00 10.50 12.00 10.50 12.00 10.50

58 11.00 9.50 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00 11.50 10.00

80 MHz Bandwidth 106 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00 11.00 9.50 10.50 9.00

122 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00

138 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00

155 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
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Below table is applicable in the following conditions:
-Simultaneous conditions with Licensed Bands Antenna 3
-Simultaneous conditions with LTE Inter-band ULCA

FCC ID: BCGA2232

#\ PCTEST

SAR EVALUATION REPORT

Tones 26T 52T 106T 24217 484T 996T
Mode/ Band . . . . . . . . . . .
Channel | Maximum Nominal Maximum Nominal Maximum Nominal Maximum Nominal | Maximum | Nominal |Maximum| Nominal
36 8.00 6.50 11.00 9.50 12.00 10.50 12.00 10.50
40 8.00 6.50 11.00 9.50 12.00 10.50 12.00 10.50
44 8.00 6.50 11.00 9.50 12.00 10.50 12.00 10.50
48 8.00 6.50 11.00 9.50 12.00 10.50 12.00 10.50
52 8.00 6.50 11.00 9.50 11.75 10.25 11.75 10.25
56 8.00 6.50 11.00 9.50 11.75 10.25 11.75 10.25
60 8.00 6.50 11.00 9.50 11.75 10.25 11.75 10.25
64 8.00 6.50 11.00 9.50 11.75 10.25 11.75 10.25
100 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
104 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
108 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
112 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
20 MHz Bandwidth 116 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
120 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
124 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
128 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
132 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
136 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
140 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
144 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
Modulated Average -
2 Tx Chain (dBm) 149 10.75 025} 10.75 9.25 10.75 9.25 10.75 9.25
CDD - 5GHz 153 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
157 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
ANTupper

161 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
165 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
38 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00
46 8.00 6.50 11.00 9.50 12.00 10.50 12.00 10.50
54 8.00 6.50 11.00 9.50 11.75 10.25 11.75 10.25
62 8.00 6.50 11.00 9.50 11.25 9.75 11.25 9.75
102 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
40 MHz Bandwidth 110 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
118 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
126 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
134 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
142 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00
151 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
159 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
42 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00

58 8.00 6.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50

80 MHz Bandwidth 106 7.00 5.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50

122 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00

138 7.00 5.50 10.00 8.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00

155 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
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Below table is applicable in the following conditions:
-Simultaneous conditions with Licensed Bands Antenna 3
-Simultaneous conditions with LTE Inter-band ULCA

Tones 26T 52T 106T 2421 484T 996T
Mode/ Band . . . . . . . . . . . .
Channel | Maximum | Nominal | Maximum | Nominal | Maximum | Nominal | Maximum | Nominal [Maximum| Nominal | Maximum [ Nominal
36 8.00 6.50 11.00 9.50 12.00 10.50 12.00 10.50
40 8.00 6.50 11.00 9.50 12.00 10.50 12.00 10.50
44 8.00 6.50 11.00 9.50 12.00 10.50 12.00 10.50
48 8.00 6.50 11.00 9.50 12.00 10.50 12.00 10.50
52 8.00 6.50 11.00 9.50 11.75 10.25 11.75 10.25
56 8.00 6.50 11.00 9.50 11.75 10.25 11.75 10.25
60 8.00 6.50 11.00 9.50 11.75 10.25 11.75 10.25
64 8.00 6.50 11.00 9.50 11.75 10.25 11.75 10.25
100 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
104 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
108 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
112 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
20 MHz Bandwidth 116 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
120 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
124 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
128 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
132 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
136 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
140 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
144 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00
Modulated Average -
. 149 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
2 Tx Chain (dBm)
SDM - 5GHz 153 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
157 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
ANTupper
161 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
165 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
38 8.00 6.50 11.00 9.50 11.50 10.00 11.50 10.00 11.50
46 8.00 6.50 11.00 9.50 12.00 10.50 12.00 10.50 12.00
54 8.00 6.50 11.00 9.50 11.75 10.25 11.75 10.25 11.75 10.25
62 8.00 6.50 11.00 9.50 11.25 9.75 11.25 9.75 11.25 9.75
102 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
40 MHz Bandwidth 110 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
118 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
126 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
134 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
142 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
151 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
159 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25
42 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
58 8.00 6.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50
80 MHz Bandwidth 106 8.00 6.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50 10.00 8.50
122 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
138 8.00 6.50 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00 10.50 9.00
155 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25 10.75 9.25

Note: In MIMO operations, 5GHz ANTupper transmits at maximum allowed powers as indicated above for
both 2 Tx CDD and 2 Tx SDM.
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1.3 IEEE 802.11ax Measured Powers

Table 1
Maximum 2.4 GHz 802.11ax RU Output Power — Ant 2a
Avg Avg

['Jsg] Channel | Tones |[RU Index C(;::\jl::rt:d [Esg] Channel | Tones [RU Index C(;r;(w;t:d
(dBm) (dBm)
0 9.61 37 10.38
2412 1 26T 4 10.15 2412 1 52T 38 10.42
8 10.47 40 10.50
0 13.06 37 13.85
2417 2 26T 4 13.65 2417 2 52T 38 14.00
8 13.98 40 13.90
0 13.70 37 13.83
2437 6 26T 4 13.56 2437 6 52T 38 14.00
8 13.91 40 13.70
0 12.32 37 13.85
2452 9 26T 4 13.99 2452 9 52T 38 14.00
8 12.89 40 14.00
0 11.50 37 11.42
2457 10 26T 4 11.01 2457 10 52T 38 11.49
8 10.28 40 11.38
0 9.95 37 10.00
2462 11 26T 4 9.98 2462 11 52T 38 10.00
8 9.90 40 9.93
0 7.91 37 8.00
2467 12 26T 4 8.00 2467 12 52T 38 7.87
8 6.02 40 8.00
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Avg
Freq Conducted
[MHZ] Channel [ Tones |RU Index Powers
(dBm)
2412 1 106T 53 10.30
54 10.50
2417 2 106T 53 13.93
54 13.93 Avg
53 13.92 F
2437 6 106T req Conducted
54 14.00 [MHZ] Channel | Tones |RU Index Powers
: dB
2452 9 106T 53 14.00 (dBm)
54 13.92 2412 1 242T 61 10.45
2457 10 106T 53 11.50 2417 2 242T 61 13.90
54 11.48 2437 6 242T 61 14.00
2462 1 106T 53 10.00 2452 9 242T 61 13.93
54 10.00 2457 10 242T 61 11.40
. 2462 11 242T 1 74
2467 12 106T 53 8.00 6 6 9
54 7.99 2467 12 242T 61 8.00
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Table 2
Maximum 2.4 GHz 802.11ax RU Output Power — Ant 4a

Avg Avg
[zﬁg] Channel [ Tones |RU Index C?Dr;c\i::rt:d [zﬁg] Channel [ Tones |RU Index C?Dr;c\i::rt:d
(dBm) (dBm)
0 12.45 37 12.45
2412 1 26T 4 12.50 2412 1 52T 38 12.50
8 12.40 40 12.44
0 13.70 37 13.75
2417 2 26T 4 13.68 2417 2 52T 38 13.64
8 13.75 40 13.75
0 13.75 37 13.75
2437 6 26T 4 13.73 2437 6 52T 38 13.73
8 13.75 40 13.45
0 13.75 37 13.75
2452 9 26T 4 13.63 2452 9 52T 38 13.55
8 13.75 40 13.75
0 13.47 37 13.50
2457 10 26T 4 13.35 2457 10 52T 38 13.50
8 13.41 40 13.47
0 12.00 37 11.83
2462 11 26T 4 11.99 2462 11 52T 38 11.77
8 11.96 40 12.00
0 9.87 37 9.88
2467 12 26T 4 10.00 2467 12 52T 38 10.00
8 9.96 40 9.60
Avg
[El?lg] Channel | Tones |RU Index C(I)Dr;(\jl\llj;tsed
(dBm)
2412 1 106T >3 12.46
54 12.48
217 | 2 106T |22
13.67 o
2437 6 106T gi 13:75 [lli/lrl?lg] Channel | Tones |RU Index C(;r;(é:l;t:d
2452 9 106T 53 13.75 (dBm)
54 13.63 2412 1 242T 61 12.49
2457 10 106T 53 13.50 2417 2 242T 61 13.75
54 13.46 2437 6 242T 61 13.75
2462 1 106T 53 12.00 2452 9 242T 61 13.64
54 12.00 2457 10 242T 61 13.21
2467 12 106T 53 10.00 2462 11 242T 61 12.00
54 9.92 2467 12 242T 61 9.95
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Table 3
Maximum 5 GHz 802.11ax RU Output Power — 5GHz ANTlower

Avg Conducted Power (dBm) Avg Conducted Power (dBm)
Band [Eﬁg] Channel | Tones RU Index Band ['J:g] Channel | Tones U iox
0 4 8 37 39 40
5180 36 26T 10.15 10.74 10.91 5180 36 52T 13.28 13.99 13.99
1 5200 40 26T 10.04 10.74 10.87 1 5200 40 52T 13.45 14.00 14.00
5240 48 26T 10.06 10.68 10.83 5240 48 52T 13.25 13.97 13.91
; 5260 52 26T 10.08 10.98 10.76 ; 5260 52 52T 13.27 13.91 14.00
m 2A 5300 60 26T 10.04 10.59 10.61 m 2A 5280 56 52T 13.23 13.92 13.87
N 5320 64 26T 10.32 10.87 10.95 N 5320 64 52T 13.64 14.00 13.98
T 5500 100 26T 10.65 10.96 10.86 T 5500 100 52T 13.63 14.00 13.93
2 5520 104 26T 10.53 11.00 10.92 2 5520 104 52T 13.66 13.90 14.00
o 5580 116 26T 10.50 10.98 11.00 o 5580 116 52T 13.79 14.00 13.98
AN 2C 5660 132 26T 9.94 10.33 10.28 AN 2C 5660 132 52T 13.34 13.54 13.34
5680 136 26T 10.83 11.00 11.00 5680 136 52T 13.62 14.00 13.89
5700 140 26T 9.59 9.85 9.70 5700 140 52T 11.18 11.47 11.40
5720 144 26T 10.76 11.00 11.00 5720 144 52T 13.70 13.85 13.82
5745 149 26T 15.21 15.50 15.37 5745 149 52T 15.28 15.50 15.38
3 5785 157 26T 15.30 15.50 15.45 3 5785 157 52T 15.43 15.50 15.50
5825 165 26T 15.15 15.50 15.35 5825 165 52T 15.22 15.40 15.50
Avg Conducted Power (dBm) Avg Conducted Power (dBm)
Band ['Jsg] Channel | Tones RU Index Band [';Sg] Channel | Tones it
53 54 61 N/A N/A
5180 36 106T 14.51 15.00 5180 36 2427 15.00
1 5200 40 106T 16.43 16.94 1 5200 40 242T 16.81
5240 48 106T 16.56 16.99 5240 48 242T 16.86
; 5260 52 106T 16.43 16.75 ; 5260 52 2427 16.73
m 2A 5300 60 106T 16.26 16.73 m 2A 5300 60 2421 16.70
N 5320 64 106T 13.70 14.00 N 5320 64 2421 13.98
T 5500 100 106T 13.75 13.96 T 5500 100 2427 14.00
z 5520 104 106T 15.18 15.41 2 5520 104 2427 15.50
o 5580 116 106T 15.16 15.50 o 5580 116 2427 15.49
(qV 2C 5660 132 106T 15.13 15.42 (qV 2C 5660 132 2421 15.14
5680 136 106T 15.07 15.34 5680 136 242T 15.50
5700 140 106T 11.12 11.13 5700 140 242T 11.50
5720 144 106T 15.34 15.48 5720 144 242T 15.44
5745 149 106T 15.36 15.50 5745 149 242T 15.45
3 5785 157 106T 15.39 15.50 3 5785 157 242T 15.49
5825 165 106T 15.39 15.50 5825 165 242T 15.50
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Avg Conducted Power (dBm) Avg Conducted Power (dBm)
Band ['J:(Z‘] Channel Tones . RU I;dex — Band ['Jsg] Channel Tones — RU :\gex —
1 5190 38 26T 10.05 11.00 10.91 1 5190 38 52T 11.39 12.50 11.94
; 5230 46 26T 10.34 11.00 11.00 ; 5230 46 52T 13.41 14.00 13.87
m oA 5270 54 26T 10.43 11.00 11.00 m oA 5270 54 52T 13.45 14.00 13.90
N 5310 62 26T 10.51 11.00 11.00 N 5310 62 52T 12.08 12.50 12.44
T 5510 102 26T 10.80 11.00 11.00 T 5510 102 52T 11.80 12.00 11.89
z 5550 110 26T 10.98 11.00 11.00 2 5550 110 52T 13.76 14.00 13.92
o 2C 5590 118 26T 10.68 10.97 11.00 o e 5590 118 52T 13.77 14.00 13.88
< 5630 126 26T 10.94 11.00 11.00 < 5630 126 52T 13.81 13.95 13.84
5670 134 26T 10.87 11.00 11.00 5670 134 52T 13.80 14.00 13.88
5710 142 26T 10.89 11.00 11.00 5710 142 52T 13.95 13.91 13.88
3 5755 151 26T 15.50 15.50 15.50 5 5755 151 52T 15.45 15.50 15.50
5795 159 26T 15.33 15.50 15.50 5795 159 52T 15.41 15.38 15.30
Avg Conducted Power (dBm) Avg Conducted Power (dBm)
Freq Freq
Band Channel | Tones RU Index Band Channel | Tones RU Index
(MHz] 53 54 56 (MHz] 61 62 N/A
1 5190 38 106T 12.01 12.50 12.50 1 5190 38 242T 12.50 12.50
5230 46 106T 16.68 16.97 17.00 5230 46 242T 16.98 16.92
% oA 5270 54 106T 16.55 16.50 16.51 % oA 5270 54 2427 16.75 16.75
N 5310 62 106T 12.08 12.49 12.50 N 5310 62 2427 12.42 12.50
T 5510 102 106T 11.87 12.00 12.00 T 5510 102 2427 12.00 12.00
2 5550 110 106T 15.07 15.30 15.32 2 5550 110 242T 15.50 15.50
o 2 5590 118 106T 15.38 15.50 15.50 o 2 5590 118 242T 15.37 15.50
< 5630 126 106T 15.39 15.50 15.50 < 5630 126 242T 15.00 15.38
5670 134 106T 14.84 14.99 14.93 5670 134 242T 14.94 15.00
5710 142 106T 15.39 15.50 15.50 5710 142 242T 11.49 11.50
3 5755 151 106T 15.48 15.50 15.50 3 5755 151 242T 15.00 15.06
5795 159 106T 15.49 15.50 15.50 5795 159 2421 15.06 15.18
Avg Conducted Power (dBm)
Band [zsg] Channel Tones RU Index
65 N/A N/A
1 5190 38 484T 12.02
; 5230 46 484T 16.94
m oA 5270 54 484T 16.75
N 5310 62 484T 12.42
T 5510 102 484T 11.98
E 5550 110 484T 15.50
o 2 5590 118 484T 15.42
< 5630 126 484T 15.50
5670 134 484T 15.00
5710 142 484T 15.40
3 5755 151 484T 15.40
5795 159 484T 15.26
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FCC ID: BCGA2232
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Avg Conducted Power (dBm) Avg Conducted Power (dBm)
; Band | 79 | Channel | Tones RU Index ; Band | T | Channel | Tones RU Index
m (MHz] 0 18 36 m [MHz] 37 44 52
N 1 5210 42 26T 10.53 11.00 11.00 N 1 5210 42 52T 11.26 12.00 11.92
T 2A 5290 58 26T 10.61 11.00 11.00 T 2A 5290 58 52T 11.02 11.50 11.41
2 5530 106 26T 10.65 10.92 10.96 E 5530 106 52T 10.82 11.00 11.00
o 2C 5610 122 26T 10.70 11.00 11.00 o 2C 5610 122 52T 13.70 14.00 14.00
oo 5690 138 26T 10.39 11.00 10.68 (o0] 5690 138 52T 13.98 14.00 14.00
8 5775 155 26T 15.39 15.50 15.45 ) 5775 155 52T 15.48 15.49 15.50
Avg Conducted Power (dBm) Avg Conducted Power (dBm)
Freq Freq
; Band Channel Tones RU Index ; Band Channel Tones RU Index
m (MHz] 53 56 60 m (MHz] 61 62 64
N 1 5210 42 106T 11.59 12.00 11.82 N 1 5210 42 242T 11.71 12.00 11.51
T 2A 5290 58 106T 11.17 11.50 11.50 T 2A 5290 58 24217 11.44 11.50 11.31
2 5530 106 106T 10.74 11.00 11.00 2 5530 106 24217 10.91 11.00 10.76
o 2C 5610 122 106T 15.27 15.50 15.50 o 2C 5610 122 2421 15.13 15.50 15.05
(o0] 5690 138 106T 15.40 15.50 15.48 (o0] 5690 138 2421 10.94 11.50 10.89
3 5775 155 106T 15.50 15.50 15.50 3 5775 155 2427 15.50 15.50 15.45
Avg Conducted Power (dBm) Avg Conducted Power (dBm)
; Band | "9 | channel | Tones RU Index ; Band | "9 | channel | Tones RU Index
m (MHz] 65 66 m (MHz] 67 N/A N/A
N 1 5210 42 484T 11.95 11.94 N 1 5210 42 996T 12.00
T 2A 5290 58 484T 11.42 11.50 T 2A 5290 58 996T 11.39
2 5530 106 484T 11.00 11.00 2 5530 106 996T 11.00
o 2C 5610 122 484T 15.50 15.49 o 2C 5610 122 996T 15.50
(o0] 5690 138 484T 15.00 15.00 (o0] 5690 138 996T 15.50
3 5775 155 484T 15.47 15.50 3 5775 155 996T 15.43
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Table 4
Maximum 5 GHz 802.11ax RU Output Power — 5GHz ANTupper

Avg Conducted Power (dBm) Avg Conducted Power (dBm)
Band ['J:j] Channel | Tones RU Index Band ['J:g] Channel | Tones U iox
0 4 8 37 39 40
5180 36 26T 10.06 10.68 10.92 5180 36 52T 13.31 14.00 13.97
1 5200 40 26T 10.16 10.79 10.98 1 5200 40 52T 13.42 14.00 14.00
5240 48 26T 10.41 10.99 11.00 5240 48 52T 13.39 13.79 13.86
; 5260 52 26T 10.32 10.89 11.00 ; 5260 52 52T 13.52 13.87 13.74
m 2A 5300 60 26T 10.31 10.84 11.00 m 2A 5280 56 52T 13.45 13.89 13.82
N 5320 64 26T 10.48 10.96 11.00 N 5320 64 52T 13.81 14.00 14.00
T 5500 100 26T 10.62 11.00 10.80 T 5500 100 52T 13.90 14.00 14.00
2 5520 104 26T 10.46 10.95 11.00 2 5520 104 52T 13.88 14.00 14.00
o 5580 116 26T 10.69 11.00 10.98 o 5580 116 52T 14.00 14.00 14.00
AN 2C 5660 132 26T 10.43 10.81 10.71 AN 2C 5660 132 52T 13.71 13.93 13.94
5680 136 26T 10.54 10.94 10.91 5680 136 52T 13.59 14.00 13.91
5700 140 26T 9.51 10.00 9.94 5700 140 52T 11.03 11.41 11.34
5720 144 26T 10.62 10.96 10.87 5720 144 52T 13.63 14.00 13.89
5745 149 26T 15.40 15.75 15.69 5745 149 52T 15.44 15.75 15.75
3 5785 157 26T 15.32 15.73 15.64 3 5785 157 52T 15.25 15.70 15.59
5825 165 26T 15.30 15.70 15.62 5825 165 52T 15.17 15.51 15.46
Avg Conducted Power (dBm) Avg Conducted Power (dBm)
Band [Eﬁg] Channel | Tones RU Index Band [";’Sg] Channel | Tones D iox
53 54 61 N/A N/A
5180 36 106T 14.63 15.00 5180 36 242T 14.19
1 5200 40 106T 16.69 16.98 1 5200 40 242T 16.81
5240 48 106T 16.69 17.00 5240 48 242T 16.15
; 5260 52 106T 16.43 16.75 ; 5260 52 242T 16.75
m 2A 5300 60 106T 16.58 16.75 m 2A 5300 60 242T 16.69
N 5320 64 106T 13.48 13.99 N 5320 64 242T 14.00
T 5500 100 106T 13.41 13.58 T 5500 100 2427 14.00
2 5520 104 106T 15.24 15.40 2 5520 104 2427 15.50
o 5580 116 106T 15.28 15.47 o 5580 116 2427 15.43
AN 2C 5660 132 106T 15.39 15.40 AN 2C 5660 132 2427 15.29
5680 136 106T 15.33 15.50 5680 136 2427 15.45
5700 140 106T 11.35 11.50 5700 140 2427 11.47
5720 144 106T 15.44 15.50 5720 144 2427 15.50
5745 149 106T 15.72 15.75 5745 149 242T 15.74
3 5785 157 106T 15.54 15.67 3 5785 157 24217 15.68
5825 165 106T 15.43 15.66 5825 165 242T 15.75
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Avg Conducted Power (dBm) Avg Conducted Power (dBm)
Band ['J:(Z‘] Channel | Tones RU Index Band ['Jsg] Channel | Tones U o
0 8 17 37 40 44
1 5190 38 26T 9.89 11.00 10.55 1 5190 38 52T 11.35 12.47 12.16
; 5230 46 26T 10.24 10.69 11.00 ; 5230 46 52T 13.08 13.75 13.96
m oA 5270 54 26T 10.28 10.93 10.96 m oA 5270 54 52T 13.25 13.83 13.94
N 5310 62 26T 10.21 10.80 10.94 N 5310 62 52T 11.64 12.34 12.49
T 5510 102 26T 11.00 11.00 11.00 T 5510 102 52T 11.67 11.93 11.94
z 5550 110 26T 10.98 11.00 11.00 2 5550 110 52T 13.95 13.98 14.00
o e 5590 118 26T 11.00 10.98 10.93 o e 5590 118 52T 13.82 13.89 14.00
< 5630 126 26T 10.75 10.81 10.97 < 5630 126 52T 13.93 13.94 14.00
5670 134 26T 10.52 10.92 10.98 5670 134 52T 14.00 14.00 14.00
5710 142 26T 10.79 10.93 11.00 5710 142 52T 13.65 13.80 13.99
3 5755 151 26T 15.38 15.45 15.50 5 5755 151 52T 15.48 15.41 15.75
5795 159 26T 15.02 15.32 15.42 5795 159 52T 15.51 15.48 15.74
Avg Conducted Power (dBm) Avg Conducted Power (dBm)
Band | 7 | channel | Tones RU Index Band | T4 | Channel | Tones RU Index
[MHz] [MHZ]
53 54 56 61 62 N/A
1 5190 38 106T 11.57 12.42 11.72 1 5190 38 242T 12.50 12.48
; 5230 46 106T 16.65 17.00 16.98 5230 46 242T 16.77 16.91
m oA 5270 54 106T 16.26 16.70 16.36 oA 5270 54 242T 16.74 16.61
N 5310 62 106T 12.07 12.42 12.14 5310 62 242T 12.32 12.50
T 5510 102 106T 11.77 11.91 11.75 5510 102 242T 11.90 11.99
2 5550 110 106T 15.35 15.50 15.23 5550 110 242T 15.31 15.50
o 2 5590 118 106T 15.31 15.47 15.23 2 5590 118 242T 15.49 15.50
< 5630 126 106T 15.35 15.39 15.16 5630 126 242T 15.50 15.46
5670 134 106T 14.80 14.95 14.76 5670 134 24217 14.92 15.00
5710 142 106T 15.32 15.50 15.40 5710 142 24217 11.49 11.50
3 5755 151 106T 15.55 15.70 15.60 3 5755 151 2427 15.60 15.69
5795 159 106T 15.60 15.75 15.51 5795 159 2427 15.72 15.65
Avg Conducted Power (dBm)
Freq
Band Channel Tones RU Index
[MHz]
65 N/A N/A
1 5190 38 484T 12.35
; 5230 46 484T 17.00
m oA 5270 54 484T 16.67
N 5310 62 484T 12.47
T 5510 102 A484T 11.98
z 5550 110 A484T 15.50
o 2 5590 118 484T 15.50
< 5630 126 4841 15.50
5670 134 484T 15.00
5710 142 484T 15.50
3 5755 151 484T 15.68
5795 159 484T 15.75
FCC ID: BCGA2232 Z\PETEST  gaR EVALUATION REPORT Reviewed by:
Quality Manager
Test Dates: DUT Type: APPENDIX H:
12/20/2019 - 02/05/2020 Tablet Device Page 24 of 25
© 2020 PCTEST REV21.2 M

12/05/2018



FCC ID: BCGA2232

#Z\PCTEST

SAR EVALUATION REPORT

Quality Manager

Avg Conducted Power (dBm) Avg Conducted Power (dBm)
; Band | 79 | Channel | Tones RU Index ; Band | T | Channel | Tones RU Index
m (MHz] 0 18 36 m [MHz] 37 44 52
N 1 5210 42 26T 10.31 10.93 10.72 N 1 5210 42 52T 11.10 11.82 11.71
T 2A 5290 58 26T 10.37 10.90 10.83 T 2A 5290 58 52T 10.79 11.50 11.39
2 5530 106 26T 10.58 10.96 10.48 E 5530 106 52T 10.65 10.78 10.86
o 2C 5610 122 26T 10.67 11.00 10.66 o 2C 5610 122 52T 13.80 14.00 13.87
oo 5690 138 26T 10.98 10.99 10.74 (o0] 5690 138 52T 13.67 14.00 13.71
8 5775 155 26T 15.26 15.48 15.10 8 5775 155 52T 15.22 15.48 15.31
Avg Conducted Power (dBm) Avg Conducted Power (dBm)
Freq Freq
; Band Channel Tones RU Index ; Band Channel Tones RU Index
m (MHz] 53 56 60 m (MHz] 61 62 64
N 1 5210 42 106T 11.32 11.78 11.81 N 1 5210 42 242T 11.62 12.00 11.42
T 2A 5290 58 106T 10.97 11.50 11.38 T 2A 5290 58 24217 11.06 11.50 11.18
2 5530 106 106T 10.77 10.88 10.81 2 5530 106 2427 10.63 10.95 10.68
o 2C 5610 122 106T 15.24 15.50 15.29 o 2C 5610 122 2421 15.42 15.50 15.37
(o0] 5690 138 106T 15.29 15.48 15.35 (o0] 5690 138 2421 11.44 11.50 11.21
3 5775 155 106T 15.36 15.50 15.45 3 5775 155 2427 15.43 15.50 15.37
Avg Conducted Power (dBm) Avg Conducted Power (dBm)
; Band | "9 | channel | Tones RU Index ; Band | "9 | channel | Tones RU Index
m (MHz] 65 66 m (MHz] 67 N/A N/A
N 1 5210 42 484T 12.00 12.00 N 1 5210 42 996T 11.98
T 2A 5290 58 484T 11.47 11.49 T 2A 5290 58 996T 11.50
2 5530 106 484T 10.97 11.00 2 5530 106 996T 10.99
o 2C 5610 122 484T 15.49 15.50 o 2C 5610 122 996T 15.50
(o0] 5690 138 484T 15.00 15.00 (o0] 5690 138 996T 15.41
3 5775 155 484T 15.50 15.50 3 5775 155 996T 15.50
Reviewed by:

© 2020 PCTEST
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Client  TRGMRERE: L Iy TN

LRI

Calibration Laboratory of

\\\“\ll;u!,?’
SN Schwelzerischer Kallbrierdlanst
. ARt S
SCh_mld & Partner 3 S C Service sulsse d'Stalonnage
Englneenng AG B Servlzio svizzero di taratura
Zeughausstrasse 43, 004 Zurich, Switzerland %, /[’/_\?\\\\-‘ S swiss Calibration Service
ol

Accredited by the Swiss Accreditation Service {SAS)
The Swiss Accreditation Service Is one of the signatorles to the EA
Multitateral Agreement for the recognltion of calibration certificates

e A gt brigs

Accraditation No.: SCS 0108

{artificate flo: D750V3-1097- Sep17 "

CALIBRATION-CEREIFICATE: . -

L e

Object 1D7B0VA-SNE1097 7 T T

QACALDSVO . " L e s
: Calfbration procedure for-dipole-validation kits above 700 MHz

Calibration procedure(s)

« - AR
e e, Ioe. EA R LT

Callbration date: | Sepleriber 08, 2047 - =ty TR T e

This calibration certificate documents the traceabllity to national standards, which reaflze the physleal unils of measurements (S1).
The measurements and the uncertainties with confldence probability are given an the following pages and are pari of the carlficate,

All calibrations have been conducled in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibrafion Equipment used (M&TE critical for caflbration)

B “/9

tgot

=

Calibrated by:

Approved by-

[y

KalrPoldyie

Function

o Fiibiiatory Technidar ¢

Primary Standards iD# Cal Date {Certificate No.) Scheduied Callbration
Power mater NRP SN: 104778 04-Apr-T7 {No. 217-02521/D2522) Apr-18

Power sensor NRP-Z91 SN: 103244 04-Ape-17 {No. 217-02521) Apr-18

Power sensor NRP-Z91 SN: 103245 04-Apr=17 (No. 217-02522) Apr18

Raference 20 dB Attenuator SN: 5058 (20k) 07-Apr-17 {No. 217-02528) Apr18

Type-N mismatch cambination SN: 5047.2 / 06327 07-Apr-17 (Mo, 217-02528) Apr-18

Reference Probe EX3DV4 SN: 7349 31-May-17 (No. EX3-7348 May17} May-18

DAE4 SN: 601 28-Mar-17 (No. DAE4-801_Mar17) Mar-18

Secondary Slandards D#& Check Date {in house) Scheduled Check
Powar meter EPM-442A SN GBa7480704 07-Oct-15 {in house check Oct-16) In house check: Oct-18
Power sensor HP 8481A SN: US37202783 07-0ct-15 (fn house chack Oct-16) In houge check: Qct-18
Power sensos HP B4B1A SN: MY41082317 07-Cct-15 (In house check Qct-16) In house check: Oct-18
RF geheretor R&S SMT-08 SN: 100872 15-Jun-15 {in house check Oct-15) In house check Oci-18
Network Analyzer HP B753E SN: US3a7390595 18-0¢t-01 {In house check Qct-16) in housa check: Oct-17

issued; September 8, 2017
This calibratien carfificate shall not be reproduced except I full withaut writtan approval of the laboratory.

Certlficate No; D750v3-1087_Sep17
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Calibration Laboratory of
Schmid & Partner o
Engineering AG i%

Zeughausstrasse 43, 8004 Zurich, Switzerland

RINULES

_\\\‘\\\\\;_J//‘”’/,:’ S Schweizerischer Kalibrierdienst

C Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Y
AN
I

Accredited by the Swiss Accreditation 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 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%. )

Certificate No: D750V3-1097 Sep17 Pace 2 of 8




Measurement Conditions

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

DASY Version DASYS Vv52.10.0

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5 mm

Frequency 750 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 41.9 0.89 mho/m

Measured Head TSL parameters (22.0+0.2)°C 412+6% 0.90 mho/mx6 %

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 2.08 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

8.22 Wikg % 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.36 Wikg

SAR for nominal Head TSL paraméters

normalized to 1W

.39 Wikg * 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 555 0.96 mho/m
Measured Body TSL parameters (22.0+0.2)°C 555+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 Condition
SAR measured 250 mW input power 2.14 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

8.56 Wikg * 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.42 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

5.68 Wikg + 16.5 % (k=2)

Certificate No: D750V3-1097 Sep17
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 54.40-060

Return Loss -27.5dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.00-36jQ

Return Loss -28.8dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.034 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 antenna is therefore short-circuited for DC-signals. On some of the dipales, 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 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

July 05, 2013

Ceriificate No: D750V3-1097 Sepi1?

Page4of 8



DASY5 Validation Report for Head TSL

Date: (08.09.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1097

Communication System: UID 0 - CW; Frequency: 750 M1z

Medium parameters used: f= 750 MHz; o = 0.9 S/m; &, = 41.2; p = 1000 l<:g/m3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/TEC/ANSI C63.19-2011)

DASY52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(10.49, 10.49, 10.49); Calibrated: 31.05.2017;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 28.03.2017
e Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA: Serial: 1001

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

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

Reference Value = 58.59 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.19 W/kg

SAR(1 g) = 2.08 W/kg; SAR(10 g) =1.36 W/kg

Maximum value of SAR (measured) = 2.80 Wikg

dB

-2.40
-4.80
-1.20

-9.60

-12.00

0 dB = 2.80 W/kg = 4.47 dBW/kg

Certificate No: D750V3-1097 Sep17 Page 5 of 8



Impedance Measurement Plot for Head TSL

& Sep 201F 13:89:24

CHI] 514 1 U Fs5 1: 54.383 ¢+ -552.73 me 303,92 pF FoB.688 8ea MHz

Del

Ca

fivg
16

Hld

CHZ 514 LOG S dB/REF -26 dB o 15-27.463 dB 7508.800 008 MH=z

Ca

Aw
157

Hld

START 550,880 8OO HHz

STOP 950.860 866 MH=
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1097

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

Medium parameters used: f = 750 MHz; ¢ = 0.96 S/m; & = 55.5; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 D

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(10.35, 10.35, 10.35); Calibrated: 31.05.2017;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005

DASY52 52.10.0(1446); SEMCAD X 14.6.10(7417)

o

Date: 08.09.2017

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=5mm
Reference Value = 56.96 V/m; Power Drift = -0.00 dB
Peak SAR (extrapolated) = 3.16 Wikg

SAR(1 g) = 2.14 W/kg; SAR(10 g) = 1.42 W/kg
Maximum value of SAR (measured) = 2.81 W/kg

dB

B -1.00

-2.00

-b6.00

-8.00

-10.00

0 dB=2.81 W/kg=4.49 dBW/kg

Certificate No: D750V3-1097 Sepi? Page 7 of 8



Impedance Measurement Plot for Body TSL

8 Sep 2017 13:08:43

CHD $11 1 U Fs 1:49,951 2 -3.6172 4 S58.666 pF

Del
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Hld

750,008 880 MHz
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Ca
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%o

Hld
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STOP 938.888 006 MHz
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18855 Adams Ct, Morgan Hill, CA 95037 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

A

=3
%/ 0" [ACCREBITED

2, X o
(At TESTING GERT#Z041.02

Certification of Calibration

Object

Calibration procedure(s)

Extended Calibration date:

Description:

D750V3 — SN: 1097
Procedure for Calibration Extension for SAR Dipoles.
September 08, 2018

SAR Validation Dipole at 750 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Agilent 8753ES S-Parameter Network Analyzer 9/14/2017 Annual 9/14/2018 US39170118
Agilent N5182A MXG Vector Signal Generator 3/19/2018 Annual 3/19/2019 | US46240505
Amplifier Research 1551G6 Amplifier CBT N/A CBT 343972
Anritsu ML2496A Power Meter 10/9/2017 Annual 10/9/2018 1138001
Anritsu MA2411B Pulse Power Sensor 11/15/2017|  Annual 11/15/2018 1339007
Anritsu MA2411B Pulse Power Sensor 11/22/2017 Annual 11/22/2018 1339008
Control Company 4040 Temperature / Humidity Monitor 2/28/2018 Biennial 2/28/2020 150761911
Control Company 4352 Ultra Long Stem Thermometer 2/14/2017 Biennial 2/14/2019 170112507
Keysight 772D Dual Directional Coupler CBT N/A CBT MY52180215
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 6/4/2018 Annual 6/4/2019 MY53401181
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Pasternack PE2209-10 Bidirectional Coupler CBT N/A CBT N/A
Pasternack PE5011-1 Torque Wrench 7/19/2017 Biennial 7/19/2019 N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/15/2018 Annual 5/15/2019 1070
SPEAG ES3DV3 SAR Probe 9/18/2017 Annual 9/18/2018 3287
SPEAG DAE4 Data Acquisition Electronics 1/26/2018 Annual 1/26/2019 1533
SPEAG EX3DV4 SAR Probe 7/20/2018 Annual 7/20/2019 7416
SPEAG DAE4 Dasy Data Acquisition Electronics 1/18/2018 Annual 1/18/2019 793
. _ o _
Measurement Uncertainty = £23% (k=2)
Name Function Signature
Calibrated By: Sangmin Cha Team Lead Engineer %,_;77/%(
i T y . .
Approved By: Kaitlin O’Keefe Senior Technical ML_
Manager
Object: Date Issued:
Page 1 of 4
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period

from the calibration date:

9/8/2017 9/8/2018 1.034 1.644 17 3.41% 1.078 112 3.90% 54.4 54.1 03 0.6 0.6 0 -215 255 7.30% PASS

9/8/2017

Object: Date Issued:
D750V3 — SN: 1097 09/08/2018
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Impedance & Return-Loss Measurement Plot for Head TSL

1:54.111 ¢ -568.36 me 373.37 pF 756.060 660 MHz
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Impedance & Return-Loss Measurement Plot for Body TSL
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PCTEST

PCTEST ENGINEERING LABORATORY, INC.

18855 Adams Ct, Morgan Hill, CA 95037 USA
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ACCREDITED

TESTING CERT#2041.02

Object

Calibration procedure(s)

Extended Calibration date:

Description:

Certification of Calibration

D750V3 — SN: 1097

September 8, 2019

SAR Validation Dipole at 750 MHz.

Calibration Equipment used:

Procedure for Calibration Extension for SAR Dipoles.

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Agilent 8753ES S-Parameter Network Analyzer 10/2/2018 Annual 10/2/2019 US39170118
Agilent E4438C ESG Vector Signal Generator 6/27/2019 Annual 6/27/2020 | MY45093852
Amplifier Research 1551G6 Amplifier CBT N/A CBT 343972
Anritsu ML2495A Power Meter 10/21/2018 Annual 10/21/2019 941001
Anritsu MA2411B Pulse Power Sensor 10/30/2018 Annual 10/30/2019 1207470
Anritsu MA2411B Pulse Power Sensor 11/20/2018|  Annual 11/20/2019 1339007
Control Company 4040 Temperature / Humidity Monitor 2/28/2018 Biennial 2/28/2020 150761911
Control Company 4352 Ultra Long Stem Thermometer 2/28/2018 Biennial 2/28/2020 170330160
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Keysight 772D Dual Directional Coupler CBT N/A CBT MY52180215
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Pasternack PE2208-6 Bidirectional Coupler CBT N/A CBT N/A
Pasternack NC-100 Torque Wrench 11/1/2017 Biennial 11/1/2019 N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/7/2019 Annual 5/7/2020 1070
SPEAG EX3DV4 SAR Probe 1/24/2019 [  Annual 1/24/2020 7490
SPEAG DAE4 Data Acquisition Electronics 1/15/2019 Annual 1/15/2020 1532
Measurement Uncertainty = £23% (k=2)
Name Function Signature
T ) T p P
Calibrated By: Parker Jones Team Lead Engineer Fanker [Jores
K T ) . .
Approved By: Kaitlin O’Keefe Senior Technical MM'“
Manager
Object: Date Issued:
Page 1 of 4
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period

from the calibration date:

9/8/2017 9/8/2019 1.034 1.644 1.56 -5.11% 1078 1.03 -4.45% 54.4 55.1 0.7 0.6 17 23 215 -26 5.50% PASS

9/8/2017 9/8/2019 1034 1712 165 -3.62% 1136 11 -317% 50 51 1 36 -13 23 -288 -31.9 -10.80% PASS

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS}) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration cerlificates

cientt PCTest | | - Cenificate No: D835V2-4d040 Jun19

Calibration procedure(s)

Calibration date:

This calibration cerlificate documents the traceability to national siandards, which realize the physical units of measurements (Sl).
The measurements and the uncerlainties with confidence probability are given on the following pages and are part of the cerlificate.

All calibrations have heen conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date (Certificate No,) Scheduled Calibration
Power meter NRP SN 104778 03-Apr-19 (No. 217-02892/02893) Apr-20

Power sensor NRP-Z91 SN: 103244 03-Apr-19 (Neo. 217-02892) Apr-20

Power sensor NRP-Z91 SN: 103245 03-Apr-19 {No. 217-02893} Apr-20

Reference 20 dB Attenuator SN: 5058 {20k) 04-Apr-19 (No. 217-02894) Apr-20

Type-N mismatch combination SN: 5047.2 /706327 04-Apr-19 {No. 217-02895) Apr-20

Reference Probe EX30V4 SN: 7349 29-May-19 (No. EX3-7345_May19) May-20

DAE4 SN: 601 30-Apr-19 (No. DAE4-601_Apri19) Apr-20

Secondary Standards D # Check Date (in house) Scheduled Check
Power meter E44198 SN: GB38512475 30-Oct-14 (in house check Feh-19) In house check: Oct-20
Power sensor HP 8481A SN: US37202783 07-Oct-15 (in house check Oct-18) in house check: Oct-20
Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-18) In house check: Oct-20
RF generator R&S SMT-06 SN: 100972 15-Jun-15 {in house check Oct-18) In house check: Oct-20
Network Analyzer Agllent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-18) in house check: Oct-19

Name Function _ ~ Signature

Calibrated by:

Approved by:

Issued: June 21, 2019

This calibration certificate shall not be reproduced except in full without written approval of the laboratory,

Certificate No: D835v2-4d040_Jun19 Page 10of 8




Calibration Laboratory of \\\“\\@?'? Schweizerischer Kalibrierdienst

. K 3 S
Schmid & Partner iiaﬁgé C Service sujsse d'étalonnage
Engineering AG o Tk Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzertand 4’/,,,/,/:\\\ F S Swiss Calibration Service
U ma
Accredited by the Swiss Accreditation Setvice {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 lquid

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

¢) 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 GHZz"

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.

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.

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

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

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

e SAR for nominal TSL parameters; The measured TSL parameters are used to caiculate 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: D835V2-4d040 _Junig Page 2 of 8




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

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

835 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 41.5 0.90 mho/m
Measured Head TSL parameters (22.0£0.2)°C 41.8+£6 % 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 2.39 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

9.50 W/kg * 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.54 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

6.13 Wikg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 554 +6 % 0.98 mho/m £ 6 %
Body TSL temperature change during test < 0.5°C -—-- e
SAR resuit with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 2.40 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

9.53 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.57 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

6.24 W/kg =+ 16.5 % (k=2)

Certificate No: D835V2-4d040_Jun19
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

impedance, transformed to feed point 496 Q-4.1jQ

Return Loss -27.7dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.6 2 -6.5jQ

Return Loss -22.4dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.393 ns

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

The dipele is made of standard semirigid coaxial cable. The center conductor of the feeding line is ditectly 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 force must be applied to the dipole arms, because they might hend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Certificate No: D835V2-4d040_Jun19 Page 4 of 8




DASY5 Validation Report for Head TSL

Date: 20.06.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d040

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

Medium parameters used: f = 835 MHz; 6 = 0.91 $/m; & = 41.8; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration;
= Probe: EX3DV4 - SN7349; ConvF(9.89, 9.89, 9.89) @ 835 MHz; Calibrated: 29.05.2019
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 30.04.2019
o Phantom: Flat Phantom 4.9 (front); Type: QD 001, P49 AA; Serial: 1001
o DASYS52 52.10.2(1504); SEMCAD X 14.6.12(7470)

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

Reference Value = 63.05 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 3.60 W/kg

SAR(1 g) = 2.39 W/kg; SAR(10 g) = 1.54 W/kg

Maximum value of SAR (measured) = 3,19 Wrkg

0dB =3.19 W/kg = 5.04 dBW/kg

Certificate No: D835V2-4d040_Jun19 Page 5 of 8




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

Date: 13.06.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d040

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

Medium parameters used: f = 835 MHz; o = 0.98 S/m; & = 55.4; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 |}

DASY52 Configuration:
= Probe: EX3DV4 - SN7349; ConvF(10.16, 10.16, 10.16) @ 835 MHz; Calibrated: 29.05.2019
 Sensor-Surface: 1.4mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 30.04.2019
« Phantom: Flat Phantom 4.9 (Back), Type: QD 00R P49 AA: Serial: 1005
«  DASYS52 52.10.2(1504); SEMCAD X 14.6.12(7470)

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 = 57.73 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 3.59 W/kg

SAR(1 g) = 2.4 W/kg; SAR(10 g) = 1.57 W/kg

Maximum value of SAR (measured) = 3.21 W/kg

0 dB =3.21 W/kg =5.07 dBW/kg

Certificate No: D835V2-4d040_Jun19 Page 7 of B




Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

. S Schweizerischer Kaiibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG C Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service
Accradited by tha Swiss Accraditation 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

Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceability {o national standards, which realize the physical units of measurements (Si).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have baen conducted in the closed laboratory facility: snvironment temparature {22 1 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration}

Primary Standards 1D # Cal Date {Certificate No.) Scheduled Calibration
Power mater NRP SN: 104778 03-Apr-19 (No. 217-02892/02893) Apr-20

Power sensor NRP-Z91 SN: 103244 03-Apr-19 (No. 217-02892) Apr-20

Powar sensor NRP-Z91 SN: 103245 03-Apr-19 (No. 217-02893) Apr-20

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-19 (No. 217-02894) Apr-20

Type-N mismatch combination SN: 5047.2/ 06327 04-Apr-19 {No. 217-02895) Apr-20

Refarence Proba EX3DV4 SN: 7349 29-May-19 {No. EX3-7349_May19) May-20

DAF4 SN: 601 30-Apr-19 (No. DAE4-601_Apr19) Apr-20

Secondary Standards 1D #  Gheck Date (in house) Scheduled Check
Power meter E4419B SN: GB39512475 30-Oct-14 {in house check Feb-13) In bouse check: Oct-20
Power sensor HP 8481A SN: US37292783 07-Oct-15 {in house check Oct-18) In house check: Oct-20
Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-18) In house check: Oct-20
RF generator R&S SMT-06 SN: 100872 15-Jun-15 (in house check Oct-18) in hause check: Oct-20
Network Analyzer Agilent EB358A | SN: US41080477 3i-Mar-14 (in house check Oct-18) In house check: Oci-19

Fun_clion }
Calibrated by: s

Approved by:

lssued: June 20, 2019

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: D1750V2-1083_Jun19 Page 1 of 8




- " R \\l'll” '
Callb[‘atlon Laboratory of Q\‘:i\\__’//j’?g Schweizerischer Kalibrierdienst
Schmid & Partner M Service suisse d'étalonnage
Engineering AG NG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland s, /ﬁ\‘\\* Swiss Calibration Service
Iy M Eh)
Accredited by the Swiss Accreditation Servica (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) |EEE Std 1528-2013, “I[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 cerificate are valid at the frequency indicated.

s 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.

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.

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

e 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.

o 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: D1750V2-1083_Juni9 Page 2 of 8




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

DASY Version DASY5 V52.10.2
Extrapolation Advanced Exirapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5 mm

1750 MHz + 1 MHz

Frequency

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.1 1.37 mho/m
Measured Head TSL parameters (22.0+0.2)°C 40.0+6 % 1.34 mho/m = 6 %
Head TSL temperature change during test <0.5°C e mn
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 8.91 W/kg

SAR for nominal Head TSL parameters normalized to 1W

36.1 W/kg £ 17.0 % (k=2)

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

SAR measured 250 mW input power 4.70 W/kg

19.0 Wikg =+ 16.5 % (k=2)

SAR for nominal Head TSL parameters normalized to 1W

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 534 1.49 mho/m
Measured Body TSL parameters (22.0+0.2)°C 539 +6% 1.46 mho/m +6 %
Body TSL temperature change during test <0.5°C mn e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 8.14 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

37.1 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

4.88 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

19.7 Wikg = 16.5 % (k=2)

Certificate No: D1750Vv2-1083_Jun1i9
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 506 Q2 -1.1jQ

Return Loss -38.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.1Q-24iQ

Return Loss -28.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.220 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 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 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

Certificate No; D1750V2-1083_Jun18 Page 4 of 8




DASY5 Validation Report for Head TSL

’ Date: 19.06.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1083

Communication System: UID 0 - CW; Frequency: 1750 M1z

Medium parameters used: f = 1750 MHz; ¢ = 1.34 S/m; g, = 40; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY 52 Configuration;
o Probe: EX3DV4 - SN7349; ConvF(8.67, 8.67, 8.67) @ 1750 MHz; Calibrated: 29.05.2019
s Sensor-Surface: 1.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 30.04.2019
e Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial; 1001
o DASY52 52.10.2(1504); SEMCAD X 14.6,12(7470)

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 = 105.8 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 16.7 W/kg

SAR(1 g) = 8.91 W/kg; SAR(10 g) = 4.7 W/kg

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

0dB =139 W/kg = 11.43 dBW/kg

Certificate No: D1750v2-1083_Jun19 Page 5 of 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 13.06.2019

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1083

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; o = 1.46 S/m; g, = 53.9; p = 1000 kg;”m3
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.45, 8.45, 8.45) @ 1750 MHz; Calibrated: 29.05.2019
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2019

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

DASY52 52.10.2(1504); SEMCAD X 14.6.12(7470)

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 = 101.8 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 16.2 W/kg

SAR(1 g) = 9.14 W/kg; SAR(10 g) = 4.88 W/kg

Maximum value of SAR (measured) = 13.7 W/kg

0dB = 13.7 W/kg = 11.37 dBW/kg

Certiticate No: D1750V2-1083_Jun19 Page 7 of B8



Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Galibration Service

Aceredited by the Swiss Accreditation Service (SAS) Accreditation Ne: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

Client

Object

Calibration procedure(s)

sc
TEE b

Cafibration date: BN .

pefoil oiq

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (sn.

The measursments and the uncertainties with confldence probabilly are given on the following pages and are part of the cerificate,

All calibrations have baen conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used {M&TE critical for calibration)

Primary Standards (D # Cal Date (Cerlificate No.} Scheduled Callbration

Power metar NRP SN: 104778 04-Apr-18 (No., 217-02672/02673) Apr-19

Power sensor NRP-Z91 SN: 103244 04-Apr-18 {No. 217-02672) Apr-19

Power sensor NRP-Z91 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19

Reference 20 dB Attenuatar SN: 5058 (20k) 04-Apr-18 {No. 217-02682) Apr-19

Typs-N mismaltch combination SN: 5047.2 / 06327 04-Apr-18 (No. 217-02683) Apr-19

Reference Probe EX3DV4 3N: 7349 30-Doc-17 (No, EX3-7349_Dec17) Dec-18

DAE4 SN: 601 26-0Oct-17 {No. DAE4-601_Oct17) Oct-18

Secondary Standards 1D # Check Date fin house) Scheduled Check

Pawer meter EPM-442A SN: GB37480704 07-0ct-18 (in house check Oct-16) In house check: Det-18

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-16) In house check: Oct-18

Power sensor HP 8481A SN: MY41092377 07-Oct-15 (In house chack Oct-16) In house check: Oct-18

RF generator R&S SMT-06 SN: 100972 15-Jun-15 {In house check Oct-16)} In housa chack: Oct-18

Networlc Analyzer HF 8753E SN: US37390585 18-Oct-01 (In house check Oct-17) In house check: Qct-18

Name Function Signalure

Calibrated by:

Approvad by:

Issued: May 14, 2018

This callbration cedificate shall not be reproduced except in full wihout written approval of the labaratory,

Certilicate No: D1500V2-5d026_May18 Page 10f 8
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recagnition 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 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 uncettainty 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: D1900V2-5d026_May18 Page 2 of 8




Measurement Conditions
DASY system configuration, as far as not

iven on page 1.

DASY Version DASY5 V52.10.1

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipote Center - TSL 10 mm with Spacer

Zoom Scan Resoiution dx, dy, dz =5 mm

Frequency 1900 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 {22.0£0.2) °C 41.2+8% 1.35 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 m\W input power 9.78 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

40.2 Wkg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.19 W/kg

SAH for nominal Head TSL parameters

normalized to 1W

21.1 Wikg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0 £0.2)°C 553+6% 1.46 mho/m + 6 %
Body TSL temperature change during test <05°C e e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAH measured 250 mW input power 9.65 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

39.9 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® {10 g} of Body TSL

condition

SAR measured

250 mW input power

5.19 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

21.2 W/kg + 16.5 % (k=2)

Certificate No: D19300V2-5d026_Mayi8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.00Q +8.0jQ

Return Loss -21.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 471 Q+7.4]Q

Return Loss -21.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.199 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 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 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

Manufactured by SPEAG

Manufactured on December 17, 2002

Certificate No: D1900V2-5d026_May18 Page 4 of 8




DASYS5 Validation Report for Head TSL

Date: 14.05.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d026

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

Medium parameters used: f = [900 MHz; ¢ = 1.35 S/m; &, = 41.2; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvE(8.18, 8.18, 8.18) @ 1900 MHz, Calibrated: 30.12.2017
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 26.10.2017
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 PS50 AA; Serial: 1001
o DASY5252.10.1(1476), SEMCAD X 14.6.11(7439)

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 = 109,9 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 17.8 W/kg

SAR(1 g) = 9.78 W/kg; SAR(10 g) = 5.19 W/kg

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

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

Certificate No; D1900V2-5d026_May18 Page 5 of 8



Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 14.05.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d026

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

Medium parameters used: f = 1900 MHz; ¢ = 1.46 S/m; g, = 55.3; p = 1000 kg;ﬁ’m3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/[EC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.15, 8.15, 8.15) @ 1900 MHz, Calibrated: 30.12.2017
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Blectronics: DAE4 Sn6(1,; Calibrated: 26.10.2017
o Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
» DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

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 = 104.5 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 16.7 W/kg

SAR(1 g) = 9.65 W/kg; SAR(10 g) = 5.19 W/kg

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

L (9,00

| -12.00

-15.00 §
0dB =144 W/kg = 11.58 dBW/kg
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Impedance Measurement Plot for Body TSL
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PCTEST

PCTEST ENGINEERING LABORATORY, INC.

18855 Adams Ct, Morgan Hill, CA 95037 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
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TESTING CERT#2041.02

Object

Calibration procedure(s)

Extended Calibration date:

Description:

Certification of Calibration

D1900V2 — SN: 5d026

Procedure for Calibration Extension for SAR Dipoles.

May 14, 2019

SAR Validation Dipole at 1900 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Agilent 8753ES S-Parameter Network Analyzer 10/2/2018 Annual 10/2/2019 US39170118
Agilent N5182A MXG Vector Signal Generator 6/15/2018 Annual 6/15/2019 | MY47420837
Amplifier Research 1551G6 Amplifier CBT N/A CBT 343972
Anritsu ML2495A Power Meter 10/21/2018 Annual 10/21/2019 941001
Anritsu MA2411B Pulse Power Sensor 10/30/2018 Annual 10/30/2019 1207470
Anritsu MA2411B Pulse Power Sensor 11/20/2018|  Annual 11/20/2019 1339007
Control Company 4040 Temperature / Humidity Monitor 2/28/2018 Biennial 2/28/2020 150761911
Control Company 4352 Ultra Long Stem Thermometer 2/28/2018 Biennial 2/28/2020 170330160
Keysight 772D Dual Directional Coupler CBT N/A CBT MY52180215
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 6/4/2018 Annual 6/4/2019 MY53401181
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Pasternack PE2209-10 Bidirectional Coupler CBT N/A CBT N/A
Pasternack PE5011-1 Torque Wrench 7/19/2017 Biennial 7/19/2019 N/A
SPEAG DAKS-3.5 Portable DAK 9/11/2018 Annual 9/11/2019 1045
SPEAG EX3DV4 SAR Probe 7/20/2018 |  Annual 7/20/2019 7416
SPEAG DAE4 Dasy Data Acquisition Electronics 7/10/2018 Annual 7/10/2019 1402
Measurement Uncertainty = £23% (k=2)
Name Function Signature
. i . p -
Calibrated By: Parker Jones Team Lead Engineer Fankor [lowes
K T ) . .
Approved By: Kaitlin O’Keefe Senior Technical MM'“
Manager
Object: Date Issued:
Page 1 of 4
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

5/14/2018 | 5/14/2019

1.199 3.99 3.97 -0.50% 2.12 2.04 -3.77% 471 48.4 13 7.4 35 3.9 -21.8 251 -15.10% PASS
Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Swiss Calibration Service

Accredited by the Swiss Accreditation 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

Client

Object

Calibration procedure(s) §C \/
3\%
SCY
25/ A

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the unceriainties with confidence probabilily are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date (Certificale No.) Scheduled Calibration

Power meter NRP SN: 104778 04-Apr-17 (No. 217-02521/02522) Apr-18

Power sensor NRP-Z31 SN: 103244 04-Apr-17 (No. 217-02521) Apr-18

Power sensor NRP-Z91 SN: 103245 04-Apr-17 (No. 217-02522) Apr-18

Reference 20 dB Aitenuator SN: 5058 (20k) 07-Apr-17 (No. 217-02528) Apr-18

Type-N mismatch combination SN: 5047.2 1 06327 07-Apr-17 {No. 217-02529) Apr-18

Reference Probe EX3DV4 SN: 7349 30-Dec-17 (No. EX3-7349_Dec17) Dec-18

DAE4 SN: 601 26-Oct-17 {No. DAE4-601_0Oct17) Oct-18

Secondary Standards 1D # Check Date (in house) Scheduled Check

Power meter EPM-442A SN: GB37480704 07-Oct-15 (in house check Oct-16) In house check: Oct-18

Power sensor HP 8481A SN: US372982783 07-Oct-15 (in house check Oct-16) In house check: Oct-18

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-16) in house check: Oct-18

RF generator R&S SMT-06 SN: 100972 18-Jun-15 (in house check Oct-16) In house check: Oct-18

Network Analyzer HP 8753E SN: US37390585 18-O¢t-01 (in house check Oct-17) In house check: Oct-18
Name Function

Calibrated by:

Approved by:

Issued: March 9, 2018

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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) |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) 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:

e 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.

e 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.

o 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.

e 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: D2300V2-1038 Mar18 Page 2 of B




Measurement Conditions

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

DASY Version DASY5 v52.10.0

Extrapolation Advanced Extrapolation

Phantom Modular Fiat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2300 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 39.5 1.67 mho/m

Measured Head TSL parameters (22.0+0.2) °C 386+6% 1.70 mho/m + 6 %

Head TSL temperature change during test <0.5°C - —-
SAR result with Head TSL

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

SAR measured 250 mW input power 12.5 W/kg

normalized to 1W

49.3 Wikg £ 17.0 % {k=2)

SAR for nominal Head TSL parameters

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

condition

SAR measured

250 mW input power

5.94 Wikg

SAR for nominal Head TSL parameters

normalized fo 1W

23.6 Wikg * 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.9 1.81 mho/m
Measured Body TSL parameters (22.0+£0.2) °C 51616 % 1.86 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 11.9 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

46.7 Wikg £17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.69 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

22.5 Wikg + 16.5 % (k=2)

Certificate No: D2300V2-1038_Mar18
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4780-49j0

Return Loss -252dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 459Q0-34jQ

Return Loss -25.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.170 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 amm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, 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 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

Manufactured on July 02, 2013
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2300 MHz; Type: D2300V2; Serial: D2300V2 - SN:1038

Communication System: UID 0 - CW; Frequency: 2300 MHz

Medium parameters used: f=2300 MHz; ¢ = 1.7 S/m; ¢, = 38.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.08, 8.08, 8.08); Calibrated: 30.12.2017;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated; 26.10.2017

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
DASYS52 52.10.0(1446); SEMCAD X 14.6.10(7417)

Date: 07.03.2018

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 112.4 V/m; Power Drift = -0.07 dB
Peak SAR (extrapolated) = 24.5 W/kg

SAR(1 g) = 12.5 W/kg; SAR(10 g) = 5.94 W/kg
Maximum value of SAR (measured) = 19.6 W/kg

B 17.50

8.80

3.20

-22.00

0 dB = 19.6 Wkg=12.92 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 7.03.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2300 MHz; Type: D2300V2; Serial: D2300V2 - SN:1038

Communication System: UID 0 - CW; Frequency: 2300 MHz

Medium parameters used: f= 2300 MHz; ¢ = 1.86 S/m; g, = 51.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 1)

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(8.08, 8.08, 8.08); Calibrated: 30.12.2017,
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 26.10.2017
¢ Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
« DASYS52 52.10.0(1446); SEMCAD X 14.6.10(7417)

Dipole Calibration for Body Tissue/Pin=25( mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 104.5 V/m; Power Drift = 0.06 dB3

Peak SAR (extrapolated) = 23.0 W/kg

SAR(1 g) = 11.9 W/kg; SAR(10 g) = 5.69 W/kg

Maximum value of SAR (measured) = 18.2 W/kg

Certificate No: D2300V2-1038_Mar18 Page 7 of 8




Impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.

18855 Adams Ct, Morgan Hill, CA 95037 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object

Calibration procedure(s)

Extended Calibration date:

Description:

Calibration Equipment used:

D2300V2 — SN: 1038
Procedure for Calibration Extension for SAR Dipoles.
February 25, 2019

SAR Validation Dipole at 2300 MHz.

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Agilent 8753ES S-Parameter Network Analyzer 10/2/2018 Annual 10/2/2019 US39170118
Agilent N5182A MXG Vector Signal Generator 6/15/2018 Annual 6/15/2019 MY47420837

Amplifier Research 1551G6 Amplifier CBT N/A CBT 343972
Anritsu MA2411B Pulse Power Sensor 10/30/2018 Annual 10/30/2019 1207470
Anritsu MA2411B Pulse Power Sensor 11/20/2018|  Annual 11/20/2019 1339007
Anritsu ML2496A Power Meter 10/21/2018 Annual 10/21/2019 1138001

Control Company 4040 Therm./Clock/Humidity Monitor 3/31/2017 Biennial 3/31/2019 170232394

Control Company 4352 Ultra Long Stem Thermometer 5/2/2017 Biennial 5/2/2019 170330156
Keysight 772D Dual Directional Coupler CBT N/A CBT MY52180215
Agilent 85033E 3.5mm Standard Calibration Kit 8/13/2018 Annual 8/13/2019 | MY53402352

MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Seekonk NC-100 Torque Wrench 7/11/2018 Annual 7/11/2019 N/A
SPEAG DAE4 Dasy Data Acquisition Electronics 4/12/2018 Annual 4/12/2019 501
SPEAG DAE4 Dasy Data Acquisition Electronics 10/18/2018 Annual 10/18/2019 1364
SPEAG DAK-3.5 Dielectric Assessment Kit 5/15/2018 Annual 5/15/2019 1070
SPEAG ES3DV3 SAR Probe 4/12/2018 Annual 4/12/2019 3275
SPEAG EX3DV4 SAR Probe 7/20/2018 Annual 7/20/2019 7491

Measurement Uncertainty = +23% (k=2)

Name Function Signature
Calibrated By: Sangmin Cha Team Lead Engineer W
Approved By: Kaitlin O’Keefe Managing Director M]L__
Object: Date Issued: Page 1 of 4
D2300V2 — SN: 1038 2/25/2019 9




DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration

certificate.

2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.

3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from

the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

3/7/2018 2/25/2019 117 4.93 477 -3.25% 2.36 2.29 -2.97% 47.8 5.7 2.1 -4.9 6.4 15 252 221 12.30% PASS

3/7/2018 2/25/2019 117 4.67 4.82 3.21% 225 2.27 0.89% 45.9 45.1 0.8 34 5.2 18 -25 -22.7 9.20% PASS

Object: Date Issued:
Page 2 of 4
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Parner

Engineering AG
Zeughaussirasse 43, 8004 Zurich, Swizerland

S Schweizerischer Kalibrierdienst

c Service sulsse d'étalonnage
Servizio svizzero di taratura

S swiss calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0708
The Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Agreement for the recognition of calibration certificates

Client

Obiect

Caitbration procedure(s}

o

\'*}_\ 3| 20 lo]

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements {sly.
The measurements and the uncertainties with confidencs prababiiity are given on the foliowing pages and are part of the certificats.

All catibrations have been conducted in the closed laboratory facilily: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used {M&TE critical for calibration)

Primary Standards 1D # Cal Date (Cerlificate No.) Scheduled Calibration :
Powsr mater NAP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19 !
Power sensor NAP-Z3t SN: 103244 04-Apr-18 (No. 217-02672) Apr-19
Power sensor NRP-231 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19
Reference 20 dB Atlenuatar SN: 5058 {20k) 04-Apr-18 (No. 217-02682) Apr-19
Type-N mismatch combination SN: 5047.2 / 06327 04-Apr-18 (No. 217-02683) Apr19
Reference Proba EX3DV4 SN: 734¢ 30-Dec-17 (No, EX3-7349_Dac17) Dec-18
DAE4 SN: 601 04-Oct-18 (No. DAE4-601_Octi8) Oct-19
Secondary Standards 1D # Check Date (in houss) Scheduled Check
Power meter EPM-442A SN: GB37480704 07-Oct=15 @in house chack Oct-18) In house check: Qct-20
Powsr sensor HP 8481A SN: UsS37232783 07-0ct-15 @in house check Ock-18) In house check: Oct-20
Power sansor HP 84814 SN: MY41032317 07-0ct-15 {in house check Oct-18) In house check: Qct-20
RAF generator R&S SMT-08 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20
Network Analyzer Agilant E8358A | SN: US41080477 31-Mar-14 {in house check Oct-18) In house check: Oct-18
Name Function Signature ) s
Calibrated by: A
Approved by:

Issued; November 12, 2018

This calibration certificate shall not be reproduced except In full without written approval of the laboratory.

Certificate No: 2450V2-921_Nov18 Page 1 of 8




Calibration Laboratory of S,
Schmid & Partner T

Engineering AG m

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ! ,{;-\\\\}-“ Swiss Calibration Service
KU
Accredited by the Swiss Accreditation 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 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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: D2450V2-921_Novi8 Page 2 of 8




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

DASY Version DASY5 V52.10.2
Extrapolation Advanced Extrapolation

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 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0x£0.2)°C 379+6% 1.86 mho/m + 6 %

Head TSL temperature change during test <0.5°C
SAR result with Head TSL

SAR averaged over 1 em? (1 g) of Head TSL Condition

SAR measured 250 mW input power 13.6 Wikg

SAR for nominal Head TSL parameters normalized to 1W 53.1 Wikg = 17.0 % (k=2)

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

SAR measured - 250 mW input power 6.28 W/kg

SAR for nominal Head TSL parameters normalized to 1W 24.8 W/kg £ 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 527 1.95 mho/m

Measured Body TSL parameters (22.0£0.2)°C 51.4+6% 2.02 mho/m £ 6 %

Body TSL temperature change during test <0.5°C
SAR result with Body TSL

SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured 250 mW input power 13.0 Wikg

SAR for nominal Body TSL parameters normalized to 1W 50.8 W/kg £17.0 % (k=2)

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

SAR measured 250 mW input power 6.03 Wikg

SAR for nominal Body TSL parameters normalized to 1W 23.8 W/kg = 16.5 % (k=2)

Certificate No: D2450V2-921_Nov18 Page 3 of 8



Appendix (Additional assessments outside the scope of SCS 01 08)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 547 Q +6.5jQ
Return Loss -22.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.7Q+7.8jQ
Return Loss -22.2dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.157 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 coaxfal 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 DG-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 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 September 26, 2013

Certificate No: D2450V2-921_Nov18 Page 4 of 8



DASYS5 Validation Report for Head TSL

Date: 12.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:921

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

Medium parameters used: f = 2450 MHz; o = 1.86 S/m; & = 37.9; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.88, 7.88, 7.88) @ 2450 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
» DASY52 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 = 117.7 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 27.4 W/kg

SAR(1 g) = 13.6 W/kg; SAR(10 g) = 6.28 W/kg

Maximum value of SAR (measured) = 22.4 W/kg

-5.00
-10.00
| -15.00

E -20.00

-25.00

0 dB =22.4 W/kg = 13.50 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 12.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:921

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

Medium parameters used: f = 2450 MHz; 6 = 2.02 S/m; & = 51.4; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.01, 8.01, 8.01) @ 2450 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
» DASY52 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 = 108.6 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.1 W/kg

SAR(1 g) =13 W/kg; SAR(10 g) = 6.03 W/kg

Maximum value of SAR (measured) = 21.3 W/kg

0dB =21.3 W/kg = 13.28 dBW/kg
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Impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.

18855 Adams Ct, Morgan Hill, CA 95037 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654

http://www.pctest.com

Object

Calibration procedure(s)

Extended Calibration date:

Description:

Certification of Calibration

D2450V2 — SN: 921

Procedure for Calibration Extension for SAR Dipoles.

November 11, 2019

SAR Validation Dipole at 2450 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Agilent 8753ES S-Parameter Network Analyzer 8/26/2019 Annual 8/26/2020 | MY40000670
Agilent E4438C ESG Vector Signal Generator 6/27/2019 Annual 6/27/2020 | MY45093852
Amplifier Research 1551G6 Amplifier CBT N/A CBT 343972
Anritsu ML2495A Power Meter 11/20/2018 Annual 11/20/2019 1039008
Anritsu MA2411B Pulse Power Sensor 11/20/2018 Annual 11/20/2019 1027293
Anritsu MA2411B Pulse Power Sensor 11/20/2018 Annual 11/20/2019 1339007
Control Company 4040 Temperature / Humidity Monitor 2/28/2018 Biennial 2/28/2020 150761911
Control Company 4352 Ultra Long Stem Thermometer 2/28/2018 Biennial 2/28/2020 170330160
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Keysight 772D Dual Directional Coupler CBT N/A CBT MY52180215
Mini-Circuits BW-N20WS5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Pasternack PE2209-10 Bidirectional Coupler CBT N/A CBT N/A
Seekonk NC-100 Torque Wrench 5/4/2018 Biennial 5/4/2020 22216
SPEAG DAK-3.5 Dielectric Assessment Kit 5/7/2019 Annual 5/7/2020 1070
SPEAG EX3DV4 SAR Probe 1/24/2019 Annual 1/24/2020 7490
SPEAG DAE4 Data Acquisition Electronics 1/15/2019 Annual 1/15/2020 1532
Measurement Uncertainty = £23% (k=2)
Name Function Signature
n : n p P
Calibrated By: Parker Jones Team Lead Engineer Fanker [fones
i - ) n .
Approved By: Kaitlin O’'Keefe Senior Technical M][,__
Manager
Object: Date Issued:
Page 1 of 4
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

11/12/2018 | 11/11/2019

11/12/2018 | 11/11/2019

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Body TSL
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Calibration Laboratory of Schwelzerischer Kalibrerdienst

. S
Schmid & Partner c Service sulsse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S  swiss Calibration Service

Accredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

CObject

Calibration procedure(s)

Calibration date:

This callbration certificate documants tho traceability to nationat standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probabllity are given on the following pages and ara part of the certificata.

All calibrations have been condusted In the closed laboratory facllity: environment temperature (22 = 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for callbration)

Primary Standards ID# Cal Date (Certificate No.) Scheduled Calibration

Power meater NRP 5N: 104778 04-Apr-18 {No. 217-02672/02673) Apr-19

FPower sensor NRP-Z3 SN: 103244 04-Apr-18 {No. 217-02672) Apr-i9

Power sensor NRP-Z91 SN: 103245 04-Apr-16 (No. 217-02673) Apr-19

Reference 20 dB Attenuator SN: 5058 {20k) 04-Apr-18 {No. 217-02682) Apr-19

Type-N mismatch combination SN: 5047.2 / 06327 04-Apr-18 {No. 217-02683) Apr-18

Reference Probe EX3DV4 SN: 7349 30-Dec-17 (No. EX3-7349_Deci7) Dec-18

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

Secondary Standards 1D # Check Date (in house) Schedulad Check

Power meter EPM-442A SN: GB37480704 07-Oct-15 (in house check Oct-16) In house check: Oct-18

Power senscr HP 84814 SN: US37292783 07-Ccet-15 {in house check Oct-16) In house check: Oct-18

Fower sensor HP 84B1A SN: MY 41092317 07-Cct-15 (in house check Oct-15) In house chack: Oct-18

RF generator R&S SMT-06 SN 100972 18-Jun-15 {in house check Oct-16) In house check: Oct-18

Metwork Analyzer HP 8753E SN: UIS37390585 18-Cct-01 (in house check Oct-17) In house check: Oct-18
Name Fungtion Signature

Callbrated by:

Approved by:

Issued: May 17, 2018

This calibration cenificate shall not be reproduced except in full wilhout written approval of the laboratory.

Certificate No: D2450V2-945_May18 Page 1 of 8




Calibration Laboratory of N

Schweizerischer Kalibrierdienst

Schmid & Partner iia\éa\://ﬁ Service suisse d'étalonnage
Enginee ring AG g gl Servizio svizzero di taratura
. Y R .
Zeughausstrasse 43, 8004 Zurich, Switzerland s, //f—\?\\\\* Swiss Calibration Service
TN
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muiltilateral 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)

b)

<)

d)

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

|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

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 DASY5 v52.10.1

Extrapolation Advanced Extrapolation

Phantom Modular Fiat 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 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0 £0.2) °C 38.2+6% 1.85 mho/m =6 %

Head TSL temperature change during test <0.5°C e
SAR result with Head TSL

SAR averaged over 1 ecm?® (1 g) of Head TSL Condition

SAR measured 250 mW input power 13.0 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

51.0 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.02 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

23.8 Wikg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0x0.2)°C 52.3x+6% 1.99 mho/m + 6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 12.5 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

49.4 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.83 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

23.2 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 56.1Q+3.7iQ

Return Loss -23.5dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51.9Q +5.0jQ

Return Loss -25.7 dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.157 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 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 force must be applied to the dipcle arms, because they might bend or the soldered connections near the
feedpoint may be damaged. |

Additional EUT Data

Manufactured by SPEAG

Manufactured on March 15, 2014
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DASYS5 Validation Report for Head TSL

Date: 16.05.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:945

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

Medium parameters used: f = 2450 MHz; & = 1.85 S/m; & = 38.2; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 9]

DASY52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.88, 7.88, 7.88) @ 2450 MHz; Calibrated: 30.12.2017
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated; 26.10.2017
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
» DASYS52 52.10.1(1476); SEMCAD X 14.6.11(7439)

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 = 114.8 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 25.9 W/kg

SAR(1 g) = 13 W/kg; SAR(10 g) = 6.02 W/kg

Maximum value of SAR (measured) = 21,4 Wrkg

0dB =21.4 W/kg = 13.30 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date; 16.05.2018

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:945

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

Medium parameters used: f = 2450 MHz; ¢ = 1.99 S/m; g = 52.3; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-201 1)

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.01, 8.01, 8.01) @ 2450 MHz; Calibrated: 30.12.2017
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 26.10.2017

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

DASYS52 52.10.1(1476); SEMCAD X 14.6,11(7439)

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 = 106.8 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 25.0 W/kg

SAR(1 g) = 12.5 W/kg; SAR(10 g) = 5.83 W/kg

Maximum value of SAR (measured) = 20.2 W/kg

0 dB =20.2 W/kg = 13.05 dBW/kg
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Impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.
18855 Adams Ct, Morgan Hill, CA 95037 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object D2450V2 — SN: 945

Calibration procedure(s) Procedure for Calibration Extension for SAR Dipoles.
Extended Calibration date: May 16, 2019

Description: SAR Validation Dipole at 2450 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Agilent 8753ES S-Parameter Network Analyzer 10/2/2018 Annual 10/2/2019 US39170118
Agilent N5182A MXG Vector Signal Generator 6/15/2018 Annual 6/15/2019 | MY47420837

Amplifier Research 1551G6 Amplifier CBT N/A CBT 343972
Anritsu ML2495A Power Meter 10/21/2018 Annual 10/21/2019 941001
Anritsu MA2411B Pulse Power Sensor 10/30/2018 Annual 10/30/2019 1207470
Anritsu MA2411B Pulse Power Sensor 11/20/2018|  Annual 11/20/2019 1339007

Control Company 4040 Temperature / Humidity Monitor 2/28/2018 Biennial 2/28/2020 150761911

Control Company 4352 Ultra Long Stem Thermometer 2/28/2018 Biennial 2/28/2020 170330160
Keysight 772D Dual Directional Coupler CBT N/A CBT MY52180215

Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 6/4/2018 Annual 6/4/2019 MY53401181
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Pasternack PE2209-10 Bidirectional Coupler CBT N/A CBT N/A
Pasternack PE5011-1 Torque Wrench 7/19/2017 Biennial 7/19/2019 N/A
SPEAG DAKS-3.5 Portable DAK 9/11/2018 Annual 9/11/2019 1045
SPEAG EX3DV4 SAR Probe 7/20/2018 |  Annual 7/20/2019 7416
SPEAG DAE4 Dasy Data Acquisition Electronics 7/10/2018 Annual 7/10/2019 1402

Measurement Uncertainty = £23% (k=2)

Name Function Signature
Calibrated By: Parker Jones Team Lead Engineer Ponkor ffoner
Approved By: Kaitlin O’Keefe Senior Technical MM'“
Manager
Object: Date Issued:
Page 1 of 4
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

5/16/2018 | 5/16/2019

1.157 4.94 5.21 5.47% 2.32 238 2.50% 519 49.8 2.1 5 15 35 -25.7 295 -14.70% PASS
Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S
c
S

Schweizerischer Kafibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation 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

Client

Object

Calibration procedure(s)

Calibration date:

Calibration Equipment used (M&TE critical for calibration)

This calibration cortlfcate documents the traceability to natloral standards, which realize the physical units of measurements (si).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate,

All caiibratlons hava been conducted in the closad laboratory facility: environment temperature (22 = 3)°C and humidity < 70%.

This calibration certificate shall not be reproduced axcept in full without written approval of the laboratory,

Primary Standards 1D # Cal Date (Gertificate No.) Scheduted Calibration

Power meter NRP SN: 104778 04-Apr-18 {No. 217-02672/02673) Apr-19

Powor sensor NRP-Z91 SN: 103244 04-Apr-18 (Mo. 217-02672} Apr-19

Pawer sensor NAP-Z91 SN: 103245 04-Apr-18 {No. 217-02673) Apr-18

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (No. 217-02682) Apr-19

Type-N mismatch combination SN: 5047.2 / 06327 04-Apr-18 (No. 217-02683) Apr-19

Reference Probe EX3DV4 SN: 7349 30-Dec-17 (No. £X3-7348_Deci7} Dec-18

DAE4 3N: 601 26-Oct-17 (No. DAE4-601_0Oct17} Oct-18

Secondary Standards D & Check Date (in house) Scheduled Check

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

Power sensor HP 8481A SN US37292783 07-Oct-15 {in house check Oct-16) In house check: Oct-18

Powaer sensar HP 8481A SN: MY41092317 07-Oct-15 {in house check Oct-16) In house check: Cct-18

RF generator A&S SMT-06 SN: 100972 15-Jun-16 (in house check Cot-16) In house check: Oct-18

Network Analyzer HP 8753E SN: US37390585 18-Oct-01 (in house check Qct-17) In house check: Oct-18
Name Function

Calibrated by:

Approved by:

Issued: June 21, 2018

Certificate No: D2600v2-1009_Juni8 Page 1of 8




. N \“\n[nm/
Calibration Laboratory of N . Schweizerischer Kalibrierdienst

SN
. o~ e
Schmid & Partner iﬁ&& Service suisse d'étalonnage
Englneering AG NS Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Z,;, /ﬁ\\\\:‘\ Swiss Calibration Service
iy nh
Accredited by the Swiss Accreditation 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) |EEE Std 1528-2013, “lEEE 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
paraitel 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.

* 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: D2600V2-1009_Jun18 Page 2 of 8




Measurement Conditions

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

DASY Version DASY5 V52,101

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5mm

Frequency 2600 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 38.0 1.96 mho/m

Measured Head TSL parameters (22.0+£0.2) °C 374 +£6% 2.03 mho/m % 6 %

Head TSL temperature change during test <0.5°C e —
SAR result with Head TSL

SAR averaged over 1 cm® (1 g} of Head TSL Condition

SAR measured 250 mW input power 14.3 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

55.8 W/kg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.38 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

25.1 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 52,5 2.16 mho/m
Measured Body TSL parameters (22.0x0.2)°C 5186 % 222 mho/m + 6 %
Body TSL temperature change during test <05°C o --en
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 14.1 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

55.5 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.31 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

25.0 W/kg + 16.5 % (k=2)

Certificate No: D2600V2-1009_Juni8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

fmpedance, transformed to feed point 498 Q-5.0jQ
Return Loss -26.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 443Q-48iQ

Return Loss -221dB

General Antenna Parameters and Design

Electrical Delay (cne direction) 1.153 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 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 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 April 12, 2007
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DASY5 Validation Report for Head TSL

Date: 13.06.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1009

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

Medium parameters used: f = 2600 MHz; 6 = 2.03 S/m; &, = 37.4; p = 1000 kg/m’
Phantom section; Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349, ConvF(7.7, 7.7, 7.7) @ 2600 MHz; Calibrated: 30.12.2017
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated; 26.10.2017
» Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

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

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 = 117.9 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 28.4 W/kg

SAR(1 g) = 14.3 W/kg; SAR(10 g) = 6.38 W/kg

Maximum value of SAR (measured) = 23.7 W/kg

0dB =23.7 W/kg = 13.75 dBW/kg

Certificate No; D2600V2-1009_Jun18 Page 50of 8



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

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1009

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

Medium parameters used: f = 2600 MHz; ¢ = 2.22 S/m; & = 51.8; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-201 1)

DASY52 Configuration:

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

Electronics: DAE4 Sn601; Calibrated: 26.10.2017

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
DASY52 52.10.1(1476); SEMCAD X 14.6.11(7439)

Date: 19.06.2018

30.12.2017

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 = 109.4 V/m; Power Drift = -0.07 dB
Peak SAR (extrapolated) = 28.7 W/kg

SAR(1 g) = 14.1 W/kg; SAR(10 g) = 6.31 W/kg
Maximuni value of SAR (measured) = 23.7 W/kg

§ -15.00

-20.00

-10.00

-25.00

0dB =23.7 W/kg = 13.75 dBW/k
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Impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.

18855 Adams Ct, Morgan Hill, CA 95037 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654

http://www.pctest.com

Certification of Calibration

Object

Calibration procedure(s)

Extended Calibration date:

Description:

Calibration Equipment used:

D2600V2 — SN: 1009

Procedure for Calibration Extension for SAR Dipoles.

June 19, 2019

SAR Validation Dipole at 2600 MHz.

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Agilent 8753ES S-Parameter Network Analyzer 10/2/2018 Annual 10/2/2019 US39170118
Agilent E4438C ESG Vector Signal Generator 6/26/2018 Annual 6/26/2019 | MY42081752
Agilent 85033E 3.5mm Standard Calibration Kit 8/13/2018 Annual 8/13/2019 | MY53402352
Amplifier Research 1551G6 Amplifier CBT N/A CBT 343972
Anritsu ML2495A Power Meter 10/21/2018 Annual 10/21/2019 941001
Anritsu MA2411B Pulse Power Sensor 10/30/2018|  Annual 10/30/2019 1207470
Anritsu MA2411B Pulse Power Sensor 11/20/2018 Annual 11/20/2019 1339007
Control Company 4040 Temperature / Humidity Monitor 2/28/2018 Biennial 2/28/2020 150761911
Control Company 4352 Ultra Long Stem Thermometer 2/28/2018 Biennial 2/28/2020 170330160
Keysight 772D Dual Directional Coupler CBT N/A CBT MY52180215
Mini-Circuits BW-N20WS5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Pasternack PE2209-10 Bidirectional Coupler CBT N/A CBT N/A
Pasternack PE5011-1 Torque Wrench 7/19/2017 Biennial 7/19/2019 N/A
SPEAG DAKS-3.5 Portable DAK 9/11/2018 Annual 9/11/2019 1045
SPEAG ES3DV3 SAR Probe 11/19/2018| Annual  |11/19/2019 3318
SPEAG EX3DV4 E-field Probes 2/19/2019 Annual 2/19/2020 7427
SPEAG DAE4 Dasy Data Acquisition Electronics 8/14/2018 Annual 8/14/2019 1408
SPEAG DAE4 Dasy Data Acquisition Electronics 2/13/2019 Annual 2/13/2020 1403
Measurement Uncertainty = £23% (k=2)
Name Function Signature
T ) T p Py
Calibrated By: Parker Jones Team Lead Engineer Forker [Jomes
) T ) T T
Approved By: Kaitlin O’'Keefe Senior Technical N]L__
Manager
Object: Date Issued:
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

6/19/2018 | 6/19/2019

6/19/2018 | 6/19/2019
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Impedance & Return-Loss Measurement Plot for Head TSL

Object: Date Issued:

Page 3 of 4
D2600V2 — SN: 1009 06/19/2019




Impedance & Return-Loss Measurement Plot for Body TSL
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Calibration Laboratory of &x\‘@%

R ¢ Schweizarischer Kailbylerdlenst
. X = S
Schmid & Partner S = c Service sulsse d'étalonnage
Engmeermg AG N Servizio svizzero dl taratura
Zeughausstragse 43, 5004 Zurich, Switzerland % /ﬁ?‘\\\\\\* S swiss Calibration Service
Trainby
Accredlled by the Swise Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Multitateral Agreement for the recagnltion of callbration cartificates

Client PC Test . ' - Certificate No: D2600V2-1069 Sep17
CALIBRATION CERTIFICATE
. A A L
Object - D2600V2 - SN:1069
Cabbration procedurefs) QA CAL-05.vO , - gﬂ\/
Calibration procedure for dipole validation kits above 700 MHz . _ .
- : . . \9103,9-(
| Calibration date: ‘September 11, 2017 ) : : d
, q10f20\8

This calibration cenificate documents the traceabliity to national standards, which reallze the physical units of measurameanls (siy. &N“/
The measurements and the uncsralnties with confidence probability are given an the following pages and are part of the certificate, / fi f’ 20
Do

All calibrations have been conductad in the clased laboratory facllity: environment temperatura {22 + 3Y°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date {Cerfificats No.) Schaduled Calibration

Power mater NRP SN: 104778 04-Apr-17 {No. 217-0252 1/02522) Apr-18

Power sensor NRP-Z91 SN: 103244 04-Apr-17 (No. 217-02521) Apr-18

Power sensor NRP-Za1 SN: 103245 0d-Apr-17 (No. 217-02522) Apr-18

Referenca 20 4B Aftenuator SN: 5058 (20k) 07-Apr-17 {No. 217-02528) Apr-18

Type-N mismatch combination SN: 50472 / 06327 07-Apr-17 {No. 21702529} Apr-iB

Heference Probs EX3DV4 8N: 7349 31-May-17 {No. EX3-7349,_May17) May-18

DAE4 SN: 60 28-Mar-17 (No. DAE4-501_Mat17} : Mar-18

Secondary Standards 1D # Check Date (in house) Scheduled Check

Powar mater EPM-4424 SN: GB37480704 07-Qcl-15 (In house chack Oct-16) In house chack: Oct-18

Power sensor HP 8481 A SN; US37292783 07-0¢ct-15 (In hause check Oct-16) In house check: Oct-18

Power sensor HP 84814 SN: MY41082317 07-0ct-15 {in hause check Oct-16) In house check: Oct-18

RF generafor R&S SMT-08 SN: ip0972 15-Jun-15 {fn house check Oct-16) In howse choek: Oct-18

Network Analyzer HP B753E S US37390585 18-0ct-01 {in houss check Ocl-16) In house check: Oct-17
Name ’ Function Signature

Callbrated by: Michasl Weber Lahoratory Tachniclan

- . '
Approved by; Katia Pokovic ' ) Technicai Managsr /gf /’g

lssued: September 11, 2017

This calibratlon certificats shail not be reproduced except In full without wiilten approval of the [aboratary,
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Calibration Laboratory of s,

' 2 N 7, S Schweizerischer Kalibrierdienst
Schmid & Partner ii%"//mf_ c Service suisse d'étalonnage
Engineering AG T T Servizio svizzero di taratura
. . S .
Zeughausstrasse 43, 8004 Zurich, Switzerland 2, /ﬁw\\‘ S Swiss Calibration Service
o
Accredited by the Swiss Accreditation 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) |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) 1EC 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 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.

e 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; D2600V2-1069_Sep17 Page 2 of 8




Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V52.10.0
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy,dz =5mm
Frequency 2600 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.0 1.96 mho/m
Measured Head TSL parameters (22.0 £0.2)°C 372x6% 2.03mho/mz6 %
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 14.86 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

56.9 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm?® {10 g) of Head TSL

condition

SAR measured

250 mW input power

6.45 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

254 W/kg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.5 2.16 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 51.4+6% 223mho/m+6%
Body TSL temperature change during test <0.5°C - -—--
SAR result with Body TSL
SAR averaged over 1 ¢m® (1 g) of Body TSL Condition
SAR measured 250 mW input power 14,1 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

55.3 W/kg £17.0 % (k=2)

SAR averaged over 10 cm?® {10 g) of Body TSL

conditicn

SAR measured

250 mW input power

6.26 W/kg

SAR for nominal Body TSL parameters

nermalized to 1W

24.8 Wikg £ 16.5 % (k=2)

Certificate No: D2600V2-1069_Sept17

Page 3 of 8




Appendix (Additional assessments outside the scope of SCS 01 08)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4910 -6.1jQ

Return Loss -24.1 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 462Q-47iQ

Return Loss -24.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.152 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 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 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 July 17, 2013
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DASYS5 Validation Report for Head TSL

Date: 11.09.2017
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1069

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

Medium parameters used: = 2600 MHz; o = 2.03 S/m; & = 37.2; p = 1000 kg/m?
Phantom section: Flat Section

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

DASY52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96); Calibrated: 31.05.2017;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 28.03.2017
» Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
« DASYS5252.10.0(1446); SEMCAD X 14.6.10(7417)

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

Reference Value = 115.4 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 31.2 W/kg

SAR(1 g) = 14.6 W/kg; SAR(10 g) = 6.45 W/kg

Maximum value of SAR (measured) = 24.5 W/kg

dB

5.20

-10.40
-15.60
-20.80
-26.00

0 dB =24.5 W/kg = 13.89 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 11.09.2017
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1069

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

Medium parameters used: f = 2600 MHz: 6 =2.23 S/m: g =5 1.4; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-201 1

DASY352 Configuration:

» Probe: EX3DV4 - SN7349; ConvF(7.94, 7.94, 7.94); Calibrated: 31.05.2017:

*

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

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

DASY52 52.10.0(1446); SEMCAD X 14.6.10(7417)

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

Reference Value = 105.7 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 29.9 W/kg

SAR( g) = 14.1 W/kg; SAR(10 g) = 6.26 W/kg

Maximum value of SAR (measured) = 22.9 W/kg

0dB =22.9 W/kg = 13.60 dBW/kg
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Impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.

18855 Adams Ct, Morgan Hill, CA 95037 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654

http://www.pctest.com

Certification of Calibration

Object
Calibration procedure(s)
Extended Calibration date:

Description:

Calibration Equipment used:

D2600V2 — SN: 1069

Procedure for Calibration Extension for SAR Dipoles.

September 10, 2018

SAR Validation Dipole at 2600 MHz.

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Agilent 8753ES S-Parameter Network Analyzer 9/14/2017 Annual 9/14/2018 US39170118
Agilent N5182A MXG Vector Signal Generator 3/19/2018 Annual 3/19/2019 | US46240505
Amplifier Research 1551G6 Amplifier CBT N/A CBT 343972
Anritsu ML2496A Power Meter 10/9/2017 Annual 10/9/2018 1138001
Anritsu MA2411B Pulse Power Sensor 11/15/2017|  Annual 11/15/2018 1339007
Anritsu MA2411B Pulse Power Sensor 11/22/2017 Annual 11/22/2018 1339008
Control Company 4040 Temperature / Humidity Monitor 2/28/2018 Biennial 2/28/2020 150761911
Control Company 4352 Ultra Long Stem Thermometer 2/14/2017 Biennial 2/14/2019 170112507
Keysight 772D Dual Directional Coupler CBT N/A CBT MY52180215
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 6/4/2018 Annual 6/4/2019 MY53401181
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Pasternack PE2209-10 Bidirectional Coupler CBT N/A CBT N/A
Pasternack PE5011-1 Torque Wrench 7/19/2017 Biennial 7/19/2019 N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/15/2018 Annual 5/15/2019 1070
SPEAG ES3DV3 SAR Probe 9/18/2017 Annual 9/18/2018 3287
SPEAG DAE4 Data Acquisition Electronics 1/26/2018 Annual 1/26/2019 1533
SPEAG ES3DV3 SAR Probe 4/12/2018 Annual 4/12/2019 3275
SPEAG DAE4 Dasy Data Acquisition Electronics 4/12/2018 Annual 4/12/2019 501
. _ ) _
Measurement Uncertainty = +23% (k=2)
Name Function Signature
Calibrated By: Sangmin Cha Team Lead Engineer %%—;ﬁé
K T y . .
Approved By: Kaitlin O’Keefe Senior Technical ML_
Manager
Object: Date Issued:
Page 1 of 4
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

9112017 | 9/10/2018

9/10/2018

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.
18855 Adams Ct, Morgan Hill, CA 95037 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object D2600V2 — SN: 1069

Calibration procedure(s) Procedure for Calibration Extension for SAR Dipoles.
Extended Calibration date: September 9, 2019

Description: SAR Validation Dipole at 2600 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Agilent 8753ES S-Parameter Network Analyzer 10/2/2018 Annual 10/2/2019 US39170118
Agilent E4438C ESG Vector Signal Generator 6/27/2019 Annual 6/27/2020 | MY45093852

Amplifier Research 1551G6 Amplifier CBT N/A CBT 343972
Anritsu ML2495A Power Meter 10/21/2018 Annual 10/21/2019 941001
Anritsu MA2411B Pulse Power Sensor 10/30/2018 Annual 10/30/2019 1207470
Anritsu MA2411B Pulse Power Sensor 11/20/2018 Annual 11/20/2019 1339007

Control Company 4040 Temperature / Humidity Monitor 2/28/2018 Biennial 2/28/2020 150761911

Control Company 4352 Ultra Long Stem Thermometer 2/28/2018 Biennial 2/28/2020 170330160

Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Keysight 772D Dual Directional Coupler CBT N/A CBT MY52180215
Mini-Circuits BW-N20WS5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Pasternack PE2209-10 Bidirectional Coupler CBT N/A CBT N/A
Pasternack NC-100 Torque Wrench 11/1/2017 Biennial 11/1/2019 N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/7/2019 Annual 5/7/2020 1070
SPEAG EX3DV4 SAR Probe 1/24/2019 Annual 1/24/2020 7490
SPEAG DAE4 Data Acquisition Electronics 1/15/2019 Annual 1/15/2020 1532

Measurement Uncertainty = £23% (k=2)

Name Function Signature
Calibrated By: Parker Jones Team Lead Engineer Favker [Jones
Approved By: Kaitlin O’'Keefe Senior Technical NM’_
Manager
Object: Date Issued:
Page 1 of 4
D2600V2 — SN: 1069 09/09/2019




DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period

from the calibration date:

9/11/2017 9/9/2019 1152 5.69 5.29 -7.03% 2.54 2.37 -6.69% 491 49 0.1 6.1 6.6 05 -24.1 -24.3 -0.80% PASS

9/11/2017
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Impedance & Return-Loss Measurement Plot for Head TSL

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Parther
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

C Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognifion of calibration certificates

Client

Object

Calibration procedure(s)

Calibration date:
This calibration certificate documents the traceability to national standards, which realize the physical units of measurements {S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.
All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 03-Apr-19 (No. 217-02882/02893) Apr-20

Power sensor NRP-Z91 SN: 103244 03-Apr-19 {No. 217-02892) Apr-20

Power sensor NRP-Z91 SN: 103245 03-Apr-19 (No. 217-02893) Apr-20

Reference 20 dB Attenuator SN; 5058 (20k) 04-Apr-19 (No. 217-02894) Apr-20

Type-N mismatch combination SN: 5047.2 / 06327 04-Apr-19 (No. 217-02895) Apr-20

Reference Probe EX3DV4 SN: 3503 25-Mar-19 {No. EX3-3503 Mar19) Mar-20

DAE4 SN: 601 30-Apr-19 (No. DAE4-601_Apr19) Apr-20

Secondary Standards 1D # Check Date (in house) Scheduled Check
Power meter E4419B SN: GB39512475 30-Oct-14 {in house check Feb-19} In house check: Oct-20
Power sensor HP 8481A SN: US37292783 07-Qet-15 (in house check Oct-18) In house check: Oct-20
Power sensor HP 8481A SN: MY41082317 07-0ct-15 (in house check Oct-18) In house check: Oct-2G
RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20
Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-19) In house checl¢: Oct-20

Name Function Signature

Calibrated by:

Approved by:

Issued: December 6, 2018

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

C Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accreditation 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) |EEE Std 1528-2013, "I[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} [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:

e 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.

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.

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%.
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Measurement Conditions

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

DASY Version DASY5H V52.10.3
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy =4 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

3500 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied,

Temperature Permittivity Conductivity
Nominal Head TSI parameters 22.0°C 37.9 2.91 mho/m
Measured Head TSI. parameters (22.0+£0.2)°C 37.0+6% 2.89 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 100 mW input power 6.71 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

66.9 Wikg £ 19.9 % (k=2)

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

condition

SAR measuraed

100 mW input power

2.52 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

25.1 Wikg  19.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 51.3 3.31 mho/m
Measured Body TSl parameters (22.0+£0.2)°C 50.0+6% 3.34 mho/m+6%
Body TSL temperature change during test <0.5°C -—- —
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 6.58 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

65.3 Wikg *19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.45 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

24.3 Wikg £ 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

impedance, transformed to feed point 53.50-48iQ

Return l.oss -25.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5250-35i0

Return Loss -27.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.132 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 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 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

Manufactured by SPEAG
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DASYS5 Validation Report for Head TSL

Date: 04.12.2019
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 3500 MHz; Type: D3500V2; Serial: D3500V2 - SN:1068

Communication System: UID 0 - CW; Frequency: 3500 MHz
Medium parameters used: £ = 3500 MHz; ¢ = 2.89 S/m; &; = 37; p = 1000 kg/m?
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: EX3DV4 - SN3503; ConvF(7.75, 7.75, 7.75) @ 3500 MHz; Calibrated: 25.03.2019
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 30.04.2019
o Phantom: Flat Phantom 5.0 (front);, Type: QD 000 P50 AA; Serial: 1001
o DASYS2 52.10.3(1513); SEMCAD X 14.6.13(7474)

Dipole Calibration for lead Tissue/Pin=100 mW, d=10mm, f=3500MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 70.28 V/m; Power Drift=0.11 dB

Peak SAR (extrapolated) = 18.6 W/kg _

SAR(1 g) = 6.71 W/kg; SAR(10 g) = 2.52 W/kg

Smallest distance from peaks to all points 3 dB below = 8.4 mm

Ratio of SAR at M2 to SAR at M1 = 73.7%

Maximum value of SAR (measured) = 13.1 W/kg

0dB=13.1 W/kg=11.16 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 04,12.2019

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 3500 MHz; Type: D3500V2; Serial: D3500V2 - SN:1068

Communication System: UID 0 - CW; Frequency: 3500 MHz

Medium parameters used: £= 3500 MHz; ¢ = 3.34 S/m; &, = 50; p = 1000 kg/m?
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN3503; ConvF(7.35, 7.35, 7.35) @ 3500 MHz; Calibrated: 25.03.2019
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2019

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

DASY52 52.10.3(1513); SEMCAD X 14.6.13(7474)

Dipole Calibration for Body Tissue/Pin=100 mW, d=10mm, f=3500MHz/Zoom Scan ,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid; dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65,74 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 17.7 W/kg

SAR(1 g) = 6.58 W/kg; SAR(10 g) = 2.45 W/kg

Smallest distance from peaks to all points 3 dB below = 8 mm

Ratio of SAR at M2 to SAR at M1 = 75%

Maximum value of SAR (measured) = 12.4 W/kg

0 dB =12.4 W/kg =10.95 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

: N S Schweizerischer Kalibrierdienst
Schmid & Partner 3 _ _ C Service suisse d'étalonnage
Engineering AG : Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % ///_\\\‘3 8 swiss Calibration Service
CIART
Accredited by the Swiss Accreditation 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

Client

Object

Calibration procedure{s}

Catibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S#).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Daie (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 03-Apr-19 (No. 217-02892/02893) Apr-20

Power sensor NRP-Z91 SN: 103244 03-Apr-19 {(No. 217-02892) Apr-20

Power sensor NRP-Z91 SN: 103245 03-Apr-19 (No. 217-02893) Apr-20

Reference 20 dB Attenuator SN: 6068 (20k) 04-Apr-19 (No. 217-02894) Apr-20

Type-N mismatch combination SN: 5047.2 /1 06327 04-Apr-18 (No. 217-02895) Apr-20

Reference Probe EX3DV4 SN: 3503 25-Mar-19 (No. EX3-3503_Mart9) Mar-20

DAE4 SN: 601 30-Apr-19 (No. DAE4-601_Apr19) Apr-20

Secondary Standards ID# Check Date (in house) Scheduled Check

Power meter E44198 SN: GB39512475 30-Oct-14 (in house check Feb-19) tn house check: Oct-20

Power sensor HP 8481A SN: US37202783 07-Oct-16 (in house check Oct-18) In house check: Oct-20

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-18} In house check: Oct-20

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20

Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-19) tn house check: Oct-20
Name Function Signature

Calibrated by:

Approved by:

Issued: December 6, 2019

This calibration certificate shall not be reproduced except in full without wiitten approval of the laboratory.
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Calibration Laboratory of \\Q\_'J/f/
Schmid & Partner ——
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Engineering AG m

P2 Schweizerischer Kalibrierdienst

S

Service suisse d'étalonnage
C
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= B Servizio svizzero di taratura
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Zeughausstrasse 43, 8004 Zurich, Switzerland " /ﬁ\\\\\‘ Swiss Calibration Service
frlnhule
Accredited by the Swiss Accreditation Sarvice (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 15628-2013, "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 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 fiquid 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 Versicon DASYS V52.10.3
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy=4mm,dz =1.4mm

Graded Ratio = 1.4 (Z direction}

Frequency

3700 MHz £ 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 37.7 3.12 mho/m
Measured Head TSL parameters (22.0£0.2)°C 368+6% 3.05 mhofm £ 6 %
Head TSL temperature change during test <0.5°C -— -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 6.87 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

68.6 Wikg £ 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.48 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.7 Wikg % 19.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 51.0 3.55 mho/m
Measured Body TSL parameters (2201 0.2)°C 49.7+6 % 3.55 mho/m+6 %
Body TSL temperature change during test <0.5°C — -—-
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 6.53 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

64.9 Wikg % 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2,33 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

23.2 Wikg * 19.5 % (k=2)

Certificate No: D3700V2-1029_Dec19

Page 3 of 8




Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

impedance, transformed to feed point 451 0Q-1.9j0

Return Loss -25.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4390+05jQ

Return Loss -23.7dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.139 ns

After long term use with 100W radiated power, only a slight warming of the dipcle 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 amm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added fo 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
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
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DASY5 Validation Report for Head TSL

Date: 04.12.2019
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 3700 MHz; T'ype: D3700V2; Serial: D3700V2 - SN:1029

Communication System: UID 0 - CW; Frequency:; 3700 MHz

Medium parameters used: £= 3700 MHz; ¢ = 3.05 S/m; & = 36.8; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN3503; ConvF(7.5, 7.5, 7.5) @ 3700 MHz, Calibrated: 25.03.2019
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 30.04.2019
e Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
o DASYS5252.10.3(1513); SEMCAD X 14.6.13(7474)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm/Zoom Scan, dist=1.4mm
(8x8x8)/Cube 0: Measurement grid: dx=4mm, dy—4mm, dz=1.4mm

Reference Value = 71.30 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 19.8 W/kg

SAR(1 g) = 6.87 W/kg; SAR(10 g) = 2.48 W/kg

Smallest distance from peaks to all points 3 dB below = 8 mm

Ratio of SAR at M2 to SAR at M1 = 72.7%

Maximum value of SAR (measured) = 13.8 Wrkg

0dB=13.8 W/kg=11.41 dBW;Eg
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Impedance Measurement Plot for Head TSL

i

Chtfwg= 20
e Stare 350000 GHz e

A0 pF
2 0000n GHz

Stop 3.90000 GHe

A5 fAFd O
SLHER O
B RZG milld
157667

it
iy |1 4
— i
o

Hz

of.087

Ch1&yg= |20

Stop 280006 GHz

: Start 330000 GHz
| Status o CH1

Certificate No: D3700V2-1029_Dec19 Page 6 of 8




DASY5 Validation Report for Body TSL

Date: 04.12.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 3700 MHz; Type: D3700V2; Serial: D3700V2 - SN:1029

Communication System: UID 0 - CW; Frequency: 3700 MHz

Medium parameters used: f = 3700 MHz; ¢ = 3.55 S/m; &, = 49.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63,19-2011)

DASY52 Configuration:
e Probe: EX3DV4 - SN3503; ConvF(7.1, 7.1, 7.1) @ 3700 MHz; Calibrated: 25.03.2019
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 30.04.2019
e Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
o DASY5252.10.3(1513); SEMCAD X 14.6.13(7474)

Dipole Calibration for Body Tissue/Pin=100 mW, d=10mm/Zoom Scan , dist=1.4mm
(8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.42 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 18.3 W/kg

SAR( g) = 6.53 W/kg; SAR(10 g) =2.33 W/kg

Smallest distance from peaks to all points 3 dB below = 8 mm

Ratio of SAR at M2 to SAR at M1 =74.2%

Maximum value of SAR (measured) = 12.9 W/kg

0dB =12.9 Wkg = 11.11 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzertand

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accreditad by the Swiss Accreditation Sarvice (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

Object

Calibration procedure{s)

Calibration date:
This calibration certificate documents the traceahifity to natfonal standards, which realize the physical units of measurements {80,
The measurements and the uncertaintias with confidence probabillty are given on the following pages and are part of the certificate.
All calibrations have been conducted in the closed labaratory facility: environment temperatura (22 + 3)°C and humidity < 70%.

Calibratlon Equipment used {M&TE critical for calfibration)

LA

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19

Power sensor NAP-Z91 SN: 103244 04-Apr-18 {No. 217-02672} Apr-19

Power sensor NRP-Z91 SN: 103245 04-Apr-18 {No. 217-02673) Apr-19

Reference 20 dB Atlanuator SN: 5058 {20k) 04-Apr-18 {No. 247-02682) Apr-19

Type-N mismatch combination SN: 5047.2 / 06327 04-Apr-18 (No, 217-02683) Apr-189

Reference Probe EX3DV4 SN: 3503 30-Dec-17 {No. EX3-3503_Dec17) Dec-18

DAE4 SN: 601 26-0ct-17 (No. DAE4-601_0Oct17) Cct-18

Secondary Standards 10 # Check Date (in house} Scheduled Check
Power meter EPM-442A SN: GB37480704 07-Oct-15 {In houss check Oct-16) in house check: Oct-18
Power sensor HP 84814 SN: US37292783 07-Oct-15 (in house check Oct-18) in house chack: Oct-18
Power sensor HP 8481A SN: MY41082317 07-Oct-15 {in house check Oct-16) In house check; Oct-18
RF generator R&S SMT-06 SN: 100972 18-Jun~15 {in house check Oct-18} In house check: Cct-18
Netwark Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-17) In house check: Oct-18

Function Signature

Calibrated by:

Approved by:

Issued: September 19, 2018

This calibration cerfficate shall net be reproduced except in fuil without written approval of the [aboratory,

Certificate No: D5GHzV2-1153_Sep18 Page 1 of 13




Calibration Laboratory of RN
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Zeughausstrasse 43, 8004 Zurich, Switzerland ’f/,’///—\\\‘\\\‘ S Swiss Calibration Service
mn
Accredited by the Swiss Accreditation 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) 1EC 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
parallet 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 g

iven on page 1.

DASY Version DASY5 V52.10.1
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy =4.0 mm, dz =1.4 mm

Graded Ratio = 1.4 {Z direction)

Frequency

5250 MHz + 1 MHz
5600 MHz £+ 1 MHz
5750 MHz = 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied,

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 35.9 4.71 mho/m
Measured Head TSL parameters (22.0x0.2)°C 353+6% 4.52 mho/m £ 6 %
Head TSL temperature change during test <0.5°C s e
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.10 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

80.6 W/kg = 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.33 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

23.1 Wikg = 19.5 % (k=2)

Certificate No: D5GHzV2-1163_Sep18
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 355 5.07 mho/m
Measured Head TSL parameters {22.0+£0.2) °C 348+6% 4.87 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 8.43 W/kg

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

SAR measured

100 m\W input power

2.42 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24,0 W/kg = 19.5 % (k=2)

Head TSL parameters at 5750 MHz

The following paramesters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.4 5.22 mho/m
Measured Head TSL parameters (22.0+0.2) °C 346+£6% 5.03 mho/m + 6 %
Head TSL temperature change during test <0.5°C s e
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 8.16 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

81.1 W/kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.32 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.0 W/kg = 19.5 % (k=2)

Cerlificate No: D5GHzV2-1163_Sep18
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Body TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 48,9 5.36 mho/m

Measured Body TSL parameters {(22.0+0.2)°C 46.9+6 % 5.46 mho/m +6 % }

Body TSL temperature change during test <0.5°C e --nn
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 7.83 W/kg

SAR for nominal Body TSL parameters normalized to 1W 77.7 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 217 W/kg

SAR for nominal Body TSL parameters normalized to 1W 21.5 W/kg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 48.5 5.77 mho/m

Measured Body TSL parameters (22.0x0.2) °C 46.3+6% 593 mho/m +6 %

Body TSL temperature change during test <0.5°C e e
SAR result with Body TSL at 5600 MHz

SAR averaged over 1 cm® {1 g) of Body TSL Condition

SAR measured 100 mW input power 8.08 W/kg

SAR for nominal Body TSL parameters normalized to 1W 80.1 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.25 W/kg

SAR for nominal Body TSL parameters normalized to 1W 22.3 W/kg = 19.5 % (k=2)
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.3 5.94 mho/m
Measured Body TSL parameters (22.0£0.2) °C 46.0 £ 6 % 6.14 mho/m = 6 %
Body TSL temperature change during test <0.5°C - -
SAR result with Body TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.85 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

77.8 W/kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.18 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

21.5 Wrkg = 19.5 % (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 48.00Q-20iQ

Return Loss ~30.9 dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 4800 +4.4jQ

Return Loss -26.8dB
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed to feed point 50.9Q+4.3jQ

Return Loss -27.2dB
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 4640 -0.4iQ

Return Loss -28.5dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 502Q+4.1)Q

Return Loss -27.8dB
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transfaormed to feed paint 5180 +59iQ

Return Loss -24.3dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.202 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 antenna is therefcre 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 Gonditions" paragraph. The SAR data are not affected by this change. The overall dipole length is stifi

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

Manufactured on

June 08, 2013
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DASY5 Validation Report for Head TSL

Date; 13.09.2018
Test Laboratory; SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1163

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; ¢ = 4.52 S/m; ¢, = 35.3; p = 1000 kg/m3 )

Medium parameters used: f = 5600 MHz; ¢ = 4.87 S/m; ¢, = 34.8; p = 1000 kg/m3 ,

Medium parameters used: f = 5750 MHz; ¢ = 5.03 S/m, ¢, = 34.6; p = 1000 l(g/m3

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/TEC/ANSI C63.19-2011)

DASY5?2 Configuration:

e 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 Sq601 (5GHz); Calibrated: 26.10.2017
»  Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

* DASY52 52.10.1(1476); SEMCAD X 14.6.11(7439)

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

Reference Value = 77.54 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 26.6 W/kg

SAR(1 g) = 8.1 W/kg; SAR(10 g) = 2.33 W/kg

Maximum value of SAR (measured) = 17.9 W/kg

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

Reference Value = 77.29 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 30.6 Wikg

SAR(1 g) = 8.43 W/kg; SAR(10 g) = 2.42 W/kg

Maximum value of SAR (measured) = 19.3 W/kg

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=1.4mm

Reference Value = 75.35 V/m; Power Drift =0.02 dB

Peak SAR (extrapolated} = 30.3 W/kg

SAR(1 g) = 8.16 W/kg; SAR(10 g) = 2,32 W/kg

Maximum value of SAR (measured) = 18.9 W/kg
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0dB =179 W/kg = 12.53 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 12.09.2018
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1163

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; o = 5.46 S/m; &, = 46.9; p = 1000 kg/m’ ,

Medium parameters used: f = 5600 MHz; o = 5.93 S/m; &, = 46.3; p = 1000 kg/m’ ,

Medium parameters used: f = 5750 MHz; o = 6.14 S/m; &, = 46; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASY S (TEEE/IEC/ANSI C63,19-2011)

DASY52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(5.26, 5.26, 5.26) @ 5250 MHz,
ConvFE(4.65, 4.65, 4.65) @ 5600 MHz, ConvI{4.57, 4,57, 4.57) @ 5750 MHz; Calibrated: 30.12.2017

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

s Electronics: DAE4 Sn601 (5GHz); Calibrated: 26.10.2017

¢ Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
» DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

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=1.4mm

Reference Value = 69.57 V/m, Power Drift = -0.04 dB

Peak SAR (extrapolated) = 20.9 Wikg

SAR(1 g) =7.83 W/kg; SAR(10 g) =2.17 W/kg

Maximum value of SAR (measured) = 17.8 W/kg

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

Reference Value = 68.75 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 33.7 W/kg

SAR(1 g) = 8.08 W/kg; SAR(10 g) = 2.25 W/kg

Maximum value of SAR (measured) = 19.2 W/kg

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

Reference Value = 67.61 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 33.2 W/kg

SAR(1 g) =7.85 W/kg; SAR(10 g) = 2.18 W/kg

Maximum value of SAR (measured) = 18.6 W/kg
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0 dB = 17.8 Wikg = 12.50 dBW/kg
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Impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.

18855 Adams Ct, Morgan Hill, CA 95037 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Object

Calibration procedure(s)

Extended Calibration date:

Description:

Certification of Calibration

D5GHzV2 — SN: 1163

September 11, 2019

Procedure for Calibration Extension for SAR Dipoles.

SAR Validation Dipole at 5250, 5600, and 5750 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Agilent 8753ES S-Parameter Network Analyzer 10/2/2018 Annual 10/2/2019 US39170118
Agilent E4438C ESG Vector Signal Generator 6/27/2019 Annual 6/27/2020 | MY45093852
Amplifier Research 1551G6 Amplifier CBT N/A CBT 343972
Anritsu ML2495A Power Meter 10/21/2018 Annual 10/21/2019 941001
Anritsu MA2411B Pulse Power Sensor 10/30/2018 Annual 10/30/2019 1207470
Anritsu MA2411B Pulse Power Sensor 11/20/2018 Annual 11/20/2019 1339007
Control Company 4040 Temperature / Humidity Monitor 2/28/2018 Biennial 2/28/2020 150761911
Control Company 4352 Ultra Long Stem Thermometer 2/28/2018 Biennial 2/28/2020 170330160
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Keysight 772D Dual Directional Coupler CBT N/A CBT MY52180215
Mini-Circuits BW-N20WS5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Pasternack PE2209-10 Bidirectional Coupler CBT N/A CBT N/A
Pasternack NC-100 Torque Wrench 11/1/2017 Biennial 11/1/2019 N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/7/2019 Annual 5/7/2020 1070
SPEAG EX3DV4 SAR Probe 7/16/2019 Annual 7/16/2020 7491
SPEAG EX3DV4 SAR Probe 1/28/2019 Annual 1/28/2020 3837
SPEAG DAE4 Dasy Data Acquisition Electronics 7/10/2019 Annual 7/10/2020 1402
SPEAG DAE4 Dasy Data Acquisition Electronics 1/15/2019 Annual 1/15/2020 793
Measurement Uncertainty = +23% (k=2)
Name Function Signature
T ) T p P
Calibrated By: Parker Jones Team Lead Engineer Fonker [Jores
X T ) . .
Approved By: Kaitlin O’Keefe Senior Technical N]L__
Manager
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

5250 91132018 | 9/11/2019
[ se00 | o018 | o/11/2019
5750 91132018 | _0/11/2019

5250 0/13/2018 | 9/11/2019

[ 500 [ onsizois [ onizons |
9/13/2018 9/11/2019
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Schweizerischer Kalibrierdienst

H H K \\llu.r,
Calibration Laboratory of S, S
c Service suisse d'étalonnage
S

Schmid & Partner ——

e R ALY A
Engineering AG 0 Servizio svizzero di taratura
; . NN . I .
Zeughausstrasse 43, 8004 Zurich, Switzerland "@ﬁ\&‘ Swiss Calibration Service
(T
Accredited by the Swiss Accreditation 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

Client No: EX3-3949_Augi9

Calibration date: AUQUSt 29,2019 '

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncerlainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed taboratory facility: environment temperaturs (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D Cal Date {Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 03-Apr-19 (No. 217-02892/02893) Apr-20

Power sensar NRP-281 SN: 103244 03-Apr-19 {No. 217-02892) Apr-20

Power sensor NRP-281 SN 103245 03-Apr-19 {No. 217-02893) Apr-20

Reference 20 dB Attenuator SN: 85277 (20%) 04-Apr-19 (No. 217-02894) Apr-20

DAE4 SN; 660 19-Dec-18 (No, DAE4-660_Dec18) Dec-19

Reference Probe ES3DV2 SN: 3013 31-Dec-18 (No. ES3-3013_Dec18} Dec-19

Secondary Standards D Check Date (in house) Scheduled Check
Power meter 44198 SN: GB41293874 0B8-Apr-186 {in house check Jun-18} In house check: Jun-20
Power sensor E4412A SN: MY41498087 06-Apr-16 (in house check Jun-18) in house check: Jun-20
Power sensor E4412A SN: 000110210 06-Apr-16 (in house check Jun-18) In house check: Jun-20
RF generator HP 8648C Shi US3842U01700 04-Aug-98 (in house check Jun-18) In house check: Jun-20
Network Analyzer EB358A SN; US41080477 31-Mar-14 (in house check Oc¢t-18) In house check; Qct-19

F_unc_ti_on

Calibrated by:

Approved by:

|ssued: August 31, 2019
This calibration cerlificaie shall not be reproduced except in full without written approval of the iaboratery.

Centificate No: EX3-3949_Aug19 Page 1 of 23



	CC1907 SAR Appendix I Dipole Certs I1 Rev0.pdf
	CC1907 ISED SAR Appendix I Dipole Certs I1 Rev0
	SAR Appendix H Certs Cover
	SPEAG D750V3 SN_1097
	SPEAG D750V3 SN_1097 Extension

	SPEAG D835V2 SN_4d040
	SPEAG D1750V2 SN_1083
	SPEAG D1900V2 SN_5d026
	SPEAG D1900V2 SN_5d026 Extension

	SPEAG D2300V2 SN_1038
	SPEAG D2450V2 SN_921
	SPEAG D2450V2 SN_921 Extension






