APPENDIX F: DOWNLINK LTE CA RF CONDUCTED POWERS

F.1 LTE Downlink Only Carrier Aggregation Test Reduction Methodology

SAR test exclusion for LTE downlink Carrier Aggregation is determined by power measurements according to the
number of component carriers (CCs) supported by the product implementation. Per April 2018 TCBC Workshop
Notes, the following test reduction methodology was applied to determine the combinations required for
conducted power measurements.

LTE DLCA Test Reduction Methodology:

e The supported combinations were arranged by the number of component carriers in columns.

¢ Any limitations on the PCC or SCC for each combination were identified alongside the combination (e.g.
CA_2A-2A-4A-12A, but B12 can only be configured as a SCC).

o Power measurements were performed for "supersets” (LTE CA combinations with multiple components
carriers) and any "subsets" (LTE CA combinations with fewer component carriers) that were not
completely covered by the supersets.

e Only subsets that have the exact same components as a superset were excluded for measurement.

e When there were certain restrictions on component carriers that existed in the superset that were not
applied for the subset, the subset configuration was additionally evaluated.

e Both inter-band and intra-band downlink carrier aggregation scenarios were considered.

e Downlink CA combinations for SISO and 4x4 Downlink MIMO operations were measured independently,
per May 2017 TCBC Workshop notes.

Table F-1 — Example of Exclusion Table for SISO Configurations

urations
letely Covered by
T
[accm 3ccem2 TETE X lacc a2 [c No
2A] , 10, 15, 10,15, }7 3CCEM3[CA [2A]2A-12A ), No lacc #m: [No
[CA_[2A]-4A (2) , 10, 15, , 10, 15, 3CC #M1 3CC#MA_[CA_[2A]-2A-13A , 10, 10 No 14CC #Mm¢ A-5A-[668] , 10, ), , 10, No
ICA_[2A]-[44] (2) , 10,15, , 10, 15, No 3CC #MS [CA_[2A]-2A-30A , 10, 5,10 No |4CC #M: \_[2A]-5A-66C , 10, ), , 10,15, 5,10,15,20 No
[ca_(2A5A 10,15, 1 Jaccams 3ccame [ca [2c)66A 5 10, 510,150 No [acc -5 (66C] 5,10, 5,10,15,20 | 5,10,15,20 No
|CA_[2A]-12A (1) 5,10, 15,20 3,510 No 3CC #M7__ |CA_2C-[66A] ), 15, 5, 10, 1 5, 10, 15, N
[CA_[2A]-13A 5,10, 15,20 10 3CC #M4. CC #M8 _|CA_[2C)-[66A] ), 15, , 10, 1 , 10,15, N
CC#M9 _[CA_[2A)-17A ), 5,10 No. CC#MI  [CA_[2A]-2A-66A ), 15, , 10, 1 5,10, 15, No
CC #M10_|CA_[2A]-29A (2) 5,10, 15,20 5,10 829 5CC Only _|3CC #M12 CC #M10_|CA_2A-2A-[66A] ), 15, , 10, 1 , 10,15, No
cc a1 [c 5,10,15,20 5,10 [sccams: CCaM11_|CA [PA]2ATIA 15, 10,1 110,15, N
lacc. o 20 10,15, Jaccam 3cCam12 [c (2A1.4A29A | 5,10,15,20 | 5,10,15,20 | 5,10 [5295CCOnly No
[2cc ICA_[2A]-[66A] (2) , 20 w 3cC#M14_[CA [2A]-5B 5,10,15,20 5,10 5,10 [acC am1
[2cc [cA_[2A]-71A , 20 10,15, CC #M11 3CC#M15 [CA [2A-5A-66A | 5,10,15,20 5,10 5,10,15,20 No.
[2cc [cA_sa-[66A] ), 10,15, CC #M16 3CC#M16 [CA 2A-5A-[66A] | 5,10,15,20 5,10 5,10,15,20 No
lacc#m17_[cA_12A-[66A] (4) 10 10,15, C #M17. 3cC#M17_|cA 2a-12A66A] | 5,10,15,20 5,10 5,10,15,20 No
[2cCam18_[cA_13A-(66A] , 1 10,15, C M1 CC#M18_|CA [2A]-13A-66A ), 15, 5,10 5,10,15,20
[2¢C #M19 \_30A-[66A] ), 10 . 10, 15, C #M20 CC #M: CA_2A-13A-(66A] ), 15, 5,10 5,10,15,20
|2€C #M20 \_[668] 510,15 5,10, 1 .C #M4. 3CC #HM: [CA_2A-30A-[66A] ), 15, 5,10 5,10, 15,20 o
2CC #M21 \_[66C] 5,10, 15,20 5,10, 15,20 C #M6E 3CC #M: [CA_[2A]-668 ), 15, 5,10,15 5,10,15 ICC #M3
[2CC #M22 |CA_[66A]-66A 5,10, 15,20 5,10, 15,20 3CC #M28. 3CC #M: [CA_2A-[66B] ), 1 5,10,15 510,15 ICC #M4.
[2cc #m23 [ca [66a]-(66A] 5,10,15,20 5,10,15,20 No cc #M23_|cA [2A]-(668] 10,15, 5,10, 1 5,10, 1 No
CC#M25_|CA_2A-(66C] 10,15,20 | 5,10,15,20 | 5,10,15,20 [acc v
CC #M26 _|CA_[2A)-[66C) , 10,15, 5,10,15,20 | 5,10,15,20 No
3CC #M28 |CA 2A-[66A]-66A | 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No
3CC#M29 |CA_[2A]-66A-71A | 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No
Note: [CC] indicates component carrier with 4x4 DL MIMO antenna configuration
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F.2  LTE Downlink Only Carrier Aggregation Test Selection and Setup

SAR test exclusion for LTE downlink Carrier Aggregation is determined by power measurements according to the
number component carriers (CCs) supported by the product implementation. For those configurations required by
April 2018 TCBC Workshop Notes, conducted power measurements with LTE Carrier Aggregation (CA) (downlink
only) active are made in accordance to KDB Publication 941225 DO5Av01r02. The RRC connection is only
handled by one cell, the primary component carrier (PCC) for downlink and uplink communications. After making
a data connection to the PCC, the UE device adds secondary component carrier(s) (SCC) on the downlink only.
All uplink communications and acknowledgements remain identical to specifications when downlink carrier
aggregation is inactive on the PCC. Additional conducted output powers are measured with the downlink carrier
aggregation active for the configuration with highest measured maximum conducted power with downlink carrier
aggregation inactive measured among the channel bandwidth, modulation, and RB combinations in each
frequency band.

Per FCC KDB Publication 941225 D05Av01r02, no SAR measurements are required for carrier aggregation
configurations when the maximum average output power with downlink only carrier aggregation active is not more
than 0.25 dB higher than the average output power with downlink only carrier aggregation inactive. All bands
required for SAR testing per FCC KDB procedures were considered. Based on the measured maximum powers
below, no additional SAR tests were required for DLCA SAR configurations.

General PCC and SCC configuration selection procedure

- PCC uplink channel, channel bandwidth, modulation and RB configurations were selected based on
section C)3)b)ii) of KDB 941225 D05 V01r02. All LTE bandwidth conducted powers needed for PCC
uplink configuration selection can be found in Section 9.3 and appendix H. The downlink PCC
channel was paired with the selected PCC uplink channel according to normal configurations without
carrier aggregation.

- To maximize aggregated bandwidth, highest channel bandwidth available for that CA combination
was selected for SCC. For inter-band CA, the SCC downlink channels were selected near the middle
of their transmission bands. For contiguous intra-band CA, the downlink channel spacing between the
component carriers was set to multiple of 300 kHz less than the nominal channel spacing defined in
section 5.4.1A of 3GPP TS 36.521. For non-contiguous intra-band CA, the downlink channel spacing
between the component carriers was set to be larger than the nominal channel spacing and provided
maximum separation between the component carriers.

- All selected PCC and SCC(s) remained fully within the uplink/downlink transmission band of the
respective component carrier.
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A
A 4

Wireless Device

Figure F-1
DL CA Power Measurement Setup
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F.3
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Figure F-2
DL CA with DL 4x4 MIMO Power Measurement Setup

Wireless Device

LTE Band 12 as PCC

Table F-3
Maximum Output Powers

Downlink Carrier Aggregation RF Conducted Powers

pcC scc1 scc2 Power
LTETePower [ oo
PCCBW pec(uL) PCCUL# | PCCULRB | PCC(DL) [PCC(DL) Freq, SCCBW | scc(pl) | scc (o) SCCBW | SCC(DL) | SCC(DL) | withDLCA
Conbinetion PecBand | gy [PECOULCh | v | MO RB Offset Channel [MHz] SccBand | vl | channel | Freq. vHa | €€ | (v Channel | Freq.[MHz] | Enabled e
(dBm) Power (dBm)
CA_2A-12A (1) LTE B12 10 23095 707.5 QPSK 1 49 5095 7315 LTE B2 20 900 1960 - - 24.52 2436
CA_4A-12A (1) LTE B12 10 23095 707.5 QPSK 1 49 5095 7375 LTE B4 20 2175 2132.5 24.45 24.36
CA_4A12A (2) LTE B12 10 23095 707.5 QPSK 1 49 5095 7315 LTEB4 20 2175 21325 - - 24.45 2436
CA_12A-66A (1) LTE B12 10 23095 707.5 QPSK 1 49 5095 7375 LTE B66 20 66786 2145 24.55 24.36
CA_12A-66A (2) LTE B12 10 23095 707.5 QPSK 1 29 5005 7375 LTE B66 20 66786 2145 - - 24.55 24.36
CA_4A-4A-12A LTE B12 10 23005 707.5 QPSK 49 5095 7315 LTE B4 20 2175 21325 | LTEB4 10 2350 2150 24.52 24.36
CA_12A-66A-66A LTEB12 | 10 | 23095 | 7075 | QPSK | 29 5005 | 7375 | LTEB66 | 20 | 66786 | 2145 | LTEBG66 20 67236 2190 24.47 24.36
Maximum Output Powers
pcc scc1 scc2 Power
TEDPower [ o
L PCCBW pCC(UL) PCCULH | PCCULRB | PCC(DL) [PCC(DL) Freq. sccBw | scc(bl) | scc (o) ScCBW | scc(pl) | Scc(bl) | withDLCA >
Comaatel] RCCR Mg [P i | MO RB Offset Channel [MHz] sccBand | Tl | channel | Freq. (viz] | €22 | (Mg Channel | Freq. [MHz] |  Enabled Caeraty
()| Pover(dBm)
LTE B26 15 26865 8315 QPSK 1 [ 8865 8765 LTE B4L 20 40620 2503 2339 23.18
LTE B26 15 26865 8315 QPSK 1 0 8865 LTE B4l 20 40620 2503 LTEB4L | 20 40422 2573.2 23.30 23.18
Table F-5
Maximum Output Powers
pcC scc1 scc2 Power
WTETPower [
PCCBW pec(uL) PCCULE | PCCULRB | PCC(DL) [PCC(DL) Freq, sccBW | scc(pl) | scc (o) SCCBW | scc(DL) | Scc(bL) | withDLCA
Contitation PecBand | g | PECUCh | g b | MO RB Offset Channel [MHz) sccBand | Tl | channel | Freq. vtz | €€B2™ | Mz Channel | Freq.[MHz] | Enabled Carie
() | POver(dBm)
CA_2A66A LTE B66 20 132072 1720 QPSK 1 50 66536 2120 LTE B2 20 900 1960 - - 23.49 23.47
CA_12A-66A (1) LTE B66 20 132072 1720 QPSK 1 50 66536 2120 LTE B12 10 5095 7375 23.66 23.47
CA_12A-66A (2) LTE B66 20 132072 1720 QPSK 1 50 66536 2120 LTE B12 10 5095 7315 - - 23.66 23.47
CA_668 LTE B66 5 131997 17125 QPSK 1 12 66461 21125 LTE B66 15 66554 21218 23.20 2322
CA_66C LTE B66 20 132072 1720 QPSK 1 50 66536 2120 LTE B66 20 66734 2139.8 - 23.48 23.47
LTE B66 20 132072 1720 QPSK 1 50 66536 2120 LTE B66 20 67236 2190 LTE B5 10 2525 8815 23.40 23.47
[ LTEB66 | 20 | 132072 | 1720 | opsk | 1 50 66536 | 2120 | LTEB66 | 20 | 67236 | 2100 | LTEB12 | 10 | 5095 | 7375 2344 | 2347 |
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F.3.4

LTE Band 2 as PCC

pPcC scc1 scc2 Power
LTETepower [0 e
PCCBW PcC(uL) PCC UL# | PCCULRB PCC(DL) [PCC(DL) Freq.| SCCBW scc (pL) scc (L) SCCBW scc (L) scc (bL) with DL CA|
‘Combinati PCC Band PCC (UL) Ch. Mod. SCC Band SCC Band Carrier T
ombination an [MHz] (UL | g, (MHa) o RB Offset Channel [MHz] n [MHz] | Channel | Freq. [MHz] " Mz Channel | Freq.[MHz] | Enabled armer I
e )
CA_2A-2A LTE B2 10 18650 1855 QPSK. 1 2 650 1935 LTE B2 20 1100 1980 211 23.06
CA_2C LTE B2 10 18650 1855 QPSK 1 25 650 1935 LTE B2 20 794 1949.4 23.08 23.06
CA_2A-4A LTE B2 14 18607 1850.7 QPSK. 1 2 607 1930.7 LTE B4 20 2175 21325 2321 23.19
CA_2A-12A (1) LTE B2 10 18650 1855 QPSK 1 25 650 1935 LTE B12 10 5095 7375 2312 23.06
CA_2A-17A LTE B2 10 18650 1855 QPSK. 1 25 650 1935 LTE B17 10 5790 740 214 23.06
CA_2A-66A LTE B2 14 18607 1850.7 QPSK 1 2 607 1930.7 LTE B66 20 66786 2145 23.18 23.19
CA_2A-4A-5A LTE B2 10 18650 1855 QPSK 1 25 650 1935 LTE B4 20 2175 21325 | LTEBS 10 2525 881.5 23.01 23.06
e scc1 sccz cc3 Power
TETpower [0
ot PcCBW. pec(ut) PCCULH | PCCULRB | PCC(DL) [PCC (DL Freq, sccaw | scc(oy | scc(on) sccew | scc(oy | scc(on) SCCBW | SCC(DL) [scC(DL) Freq. | with DLCA >
Combination pecsand | gy |PECON N g g | MO RB Offset | Channel MHz] SCCBand | k) | channel | Freq. bzl | *°°®*™ | “Mbz] | channel | freq. (i | 5% | mra) | channel MHz] Enabled |  CTe TX
(dBm) Power (dBm)
CA_41A41A (1) LT B4 5 20620 2593 QpsK 1 1 40620 2503 L7 B4 20 41450 2680 = 2348 2349
CA_a1A-41C LTE Ba1 5 40620 2593 QPSK 1 12 40620 2503 LTE Ba1 20 41292 26602 | LTEB4L | 20 41490 2680 - 2339 23.49
CA_41C-41A LTE B4 5 20620 2593 QPsK 1 12 40620 2503 LTE B4t 20 40737 26047 | LTEB4L | 20 41290 2680 - - - 2341 23.29
CA_41A-41D LTE Ba1 5 40620 2593 QPSK T ) 40620 2593 LTE B4 20 41004 26404 | LTEBAL |20 41292 26602 | LTEBAL |20 414% 2680 2348 23.49
CA 41D-41A LTE Ba1 10 41055 2635 | QpsK 1 % 41055 26365 LTE Ba1 20 20911 26221 | (TEBAL | 20 40713 26023 | LTEBa1 | 20 39750 2506 2337 23.40
Ch_41C-41C LTE B4 10 41055 26365 | Qpsk 1 25 41055 26365 LTE Ba1 20 40011 26221 | LTEBAL | 20 39048 2558 | LTEBaL | 20 39750 2506 2331 23.40
CA41E LTE B4 20 20620 2593 QPSK 1 50 40620 2593 LTE B4 20 20422 25732 | tEBAL | 20 40818 26128 | LB | 20 41016 26326 233 2328

F.4

DL CA with DL 4x4 MIMO RF Conduction Powers

This device supports downlink 4x4 MIMO operations for some LTE bands. Uplink transmission is limited to a
single output stream. When carrier aggregation was applicable, the general test selection and setup
procedures described in Section F.2 were applied.

Per May 2017 TCB Workshop Notes, SAR for 4x4 DL MIMO was not needed since the maximum average
output power in 4x4 DL MIMO mode was not more than 0.25 dB higher than the maximum output power with
4x4 DL MIMO inactive. Additionally, SAR for 4x4 MIMO Downlink Carrier Aggregation was not needed since
the maximum average output power in 4x4 MIMO Downlink Carrier Aggregation mode was not more than
0.25 dB higher than the maximum output power with 4x4 MIMO Downlink and downlink carrier aggregation

inactive.
F.4.1 LTE 4x4 MIMO DL Standalone Powers
Table F-8
Maximum Output Powers
Single
LTE Bandwidth Frequency . RB RB R
Channel Modulation . Tx. Power TX.
Band [MHZz] [MHZz] Size | Offset
[dBm] Power
[dBm]
66 20 132072 1720 QPSK 1 50 23.58 23.47
41 5 40620 2593 QPSK 1 12 23.50 23.49
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F.4.2 LTE Band 12 as PCC

Table F-9
Maximum Output Powers

CA_12A-[66A]-66A 10 1 49 737.5 x4 20 2190 %2
CA_12A-[66A1-[(66A] | LTEB12 [ 10 [ 23095 7075 | apsk | 1 [ 49 [s095s | 7375 [ 2« LTEB66 | 20 [e6786 | 2145 | axa [ LTEBe6 | 20 [67236 [ 2190 [ axa |
— — — p— —

F.4.3 LTE Band 26 as PCC

Table F-10
Maximum Output Powers

CA_26A-[41A] 1 1 0 876.5 LTE B41 - - B B
— = — ==

CA_26A-[41C] | LTEB26 15 [ 26865 | 8315 [ apsk | 1 0 | 8865 | 8765 LTE B4l 20 | 40620 LTE B4l | 40422 | 2573.2 4x4
— — —

F.4.4 LTE Band 66 as PCC

Table F-11
Maximum Output Powers

CA_2A-[66A] 132072 1 - - - -
CA_5A-[66A]-66A LTE B66 20 132072 1720 QPSK 1 50 66536 2120 4x4 LTE B66 20 67236 2190 2x2 LTE BS 10 2525 881.5 2x2 23.36 23.47
CA_5A-66A-[66A] LTEB66 | 20 [132072| 1720 apsk 1 50 | 66536 2120 22 LTEBG6 | 20 | 67236 | 2190 axa LTE B5 10 | 2525 | 8815 22 2330 2347
CA_5A-[66A]-[66A] LTE B66 20 132072 1720 QPSK 1 50 66536 2120 4x4 LTE B66 20 67236 2190 4x4 LTE BS 10 2525 881.5 2x2 23.47 23.47
CA_12A-[66A]-66A LTEB66 | 20 [132072| 1720 apsk 1 50 | 66536 2120 axa LTEBG6 | 20 | 67236 | 2190 22 LTEBI2 | 10 | 5095 | 7375 22 2333 2347
CA_12A-66A-[66A] LTE B66 20 132072 1720 QPSK 1 50 66536 2120 2x2 LTE B66 20 67236 2190 4x4 LTE B12 10 5095 737.5 2x2 23.37 23.47
CA_12A-[66A]-[66A] LTE B66 20 132072 1720 QPSK 1 50 66536 2120 4x4 LTE B66 20 67236 2190 4x4 LTE B12 10 5095 737.5 2x2 23.37 23.47
USET o o S IR 1L M 0] L R — — — — — — —— —

F.4.5 LTE Band 2 as PCC

Table F-12
Maximum Output Powers

CA_2A-[66A]
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F.4.6

LTE Band 41 as PCC
Table F-13

Maximum Output Powers

scc1

scc2 scc3 Power
LTE Tx.Power |
PCC (UL) Scc (L) scc (L) scc (L) LTE Sir
@Em PCC Band pPcCBW | PCC FYE(: ) Mod. PCCUL# | PCCUL | PCC |PCC(DL)Freq.| DL Ant. SCCBand SCCBW | scC (D) DL Ant. SCCBand SCCBW | scC (D) DL Ant. SccBand SCCBW | scC (o) DL Ant. ‘with DL CA c."'sl:l"l:
[MHz]  ((UL) Ch. " . RB h. MH: Config. [MH; DL) Ch. " Config. [MH; DL) Ch. " Config. [MH; DL) Ch. " Config. Enabled
e e sy = (ML JOUER| gy | Confi (e O gy | Confi OO g | ConfE | ERIE | power (dam)
CA _[41A]-41A (1) LTE B4l 5 40620 2593 QPSK. 1 12 40620 2593 4xa LTE B41 20 41490 2680 2x2 - - - - - - - - 23.46 23.49
CA_41A-[41A] (1) LTE B41 5 40620 2593 QPsK 1 12 40620 2593 22 LTE B41 20 41490 2680 x4 - - - - - - - - - - 2351 23.49
CA_[41A}-{41A] (1) LTE B41 5 | 40620 | 2593 QpsK 1 12| 40620 2593 axa LTEB4L | 20 | 41430 | 2680 axa - N - - - - N N - - 23.44 23.49
CA_[4TA141C LTE B41 S | 40620 | 2503 QPSK 1 12| 40620 2593 axa LTEB4L | 20 | 41202 | 26602 22 LTEB4L | 20 | 41490 | 2680 22 - N - - - 23.49 23.49
CA_41C-[41A] LTE B41 5 40620 2593 QPsK 1 12 40620 2593 22 LTE B41 20 40737 | 2604.7 22 LTE B41 20 41490 2680 4x4 - - - - - 23.48 23.49
CA_41A-[41C] LTE B41 5 40620 2593 QPSK. 1 12 40620 2593 22 LTE B41 20 41292 | 2660.2 4xa LTE B41 20 41490 2680 4xa - - - - 2351 23.49
CA_[41C]-41A LTE B41 £ 40620 2593 QPSK 1 12 40620 2593 x4 LTE B41 20 40737 | 2604.7 x4 LTE B41 20 41490 2680 22 - - - - - 2353 23.49
CA_[41A-41C] LTE B41 5 [ 40620 | 2593 Qpsk 1 12| 40620 2593 axa LTEB4L | 20 | 41292 | 26602 axa LTEB4L | 20 | 41430 | 2680 axa , N , - , 2352 23.49
CA_[41CI[41A] LTE B41 5 | 40620 | 2593 QpsK 1 12| 40620 2593 2 LTEB4L | 20 | 40737 | 26047 2 LTEB4L | 20 | 41490 | 2680 2 B B 2 B 2 2354 2329
A R e e
CA_[41A]-41D LTE B41 5 40620 2593 QPsK. 1 12 40620 2593 x4 LTE B41 20 41094 | 2640.4 22 LTE B41 20 41292 | 2660.2 22 LTE B41 20 41490 2680 22 2336 23.49
CA_41D-[41A] LTEBa1 |10 | 41055 | 26365 | _apsK 1 25 | 41055 | 26365 22 TEBal | 20 | 40911 | 26221 22 TEBal |20 | 40713 | 26023 22 TEBal |20 | 39750 | 2506 axa 2345 23.40
CA_[41CJ-41C LTEBA4L | 10 | 41055 | 26365 | _QPsk 1 25 | 41055 | 26365 axd LTEBal | 20 | 40911 | 2622.1 axd LTEBal | 20 | 39948 | 25258 22 LTEBal | 20 | 39750 | 2506 22 23.29 23.40
CA74-1C-[41C] LTE B4L 10 41055 | 2636.5 QPSK 1 25 41055 2636.5 2x2 LTE B41 20 40911 | 2622.1 2x2 LTE BA1 20 39948 | 2525.8 Axd LTE BA1 20 39750 2506 Axd 23.50 23.40
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