APPENDIX I: 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).

e 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.

o 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.

o 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 I-1 — Example of Exclusion Table for SISO Configurations

2cchm1_Jca 2g) 5,10,15,20 5,10,15,20 Scc e Gecmi_|ca 42444 | 510,15,20 | 5,10,15,20 | 5,10,15,20 N accam1_[ca [2A)-58-66A 10,15, , 510 |510152
[2ccamz2_[ca [2a]2A 5,10,15,20 5,10,15,20 [3ccami 3cc#M2[CA [2A]-2A5A 5,10,15,20 | 5,10,15,20 5,10 N [acc am2_[cA_2a: 3 5,10 5,10,15,20
2cc v _[cA_(2A)-(24] 5,10,15,20 5,10,15,20 No [Sccims [cA (242412 5,10,15,20 | 5,10,15,20 | 5,10 N acc iv3 oA 5 510,15
2ccima[ca(2a)-an 2] 5,10,15,20 5,10,15,20 [sccamL [3cC#Ma_[CA_[2A]2A13A | 5,10,15,20 | 5,10,15,20 10 o acc iva_[cA_2A-5A 5 510,15
bccivs [ca (2A114A12) | 5,10,15,20 5,10,15,20 No [sccums [ca (24124304 [ 5,10,15,20 [ 5,10,1520 | 5,10 No acc nv5 [cA (2A]-5n- 5,10,15,20 X 5,10,15,20
2cc M [ca (2A1:5A 5,10,15,20 510 [accims ScCimve oA [2c)66A 5,10,15,20 | 510,15,20 | 510,150 N acc M6 [cA 22-50-(66C) 5,10,15,20 5,10,15,20 | 5,10,15,20 No
2ccim7_Jca AL AW | 5.10,15,20 5,510 No Sccim7_[cA ac-(esn) 5,10,1520 | 5101520 | 510,15,20 N
2cc v _[ca (aa)-134 5,10,15,20 10 Secima Sccivs [cA (20661 | 5,10,15,20 | 5,10,15,20 | 5,10,15,20 N
ccimo_[ch pAL-17A 1 1 o CC#MS_[cA_[2A)-24-66A_| 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No
ccumi0 [cA A129A) | 5,10,15.20 i B295cConly_[3ccamnz CC#V10 [cA 2A-2A166A] | 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No
cc a1 [ca 2A1304 5,10,15,20 1 3cCims cC 1L [cA (2412471 | 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No
CCHMI2_|CA_[2A]-66A(2) 5,10,15,20 5,10,15,20 lacc amy CCHMI2 |CA [2A]4A29A | 510,15, 5,10,15, ,10__[B295CCOnly No
CC 13 [Ch 2A66A](2) | 5,10,15,20 5,10,15,20 [accma CC#13 [cA (2418471 | 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No
2cC 14 [ca (21668 2) | 5,10,15,20 5,10,15,20 No [sccmia_[ca (24158 5101520 [ 510 510 [accim
2cc w15 [ca (24714 5,10,15,20 15, [sccamiL CC#M15 [cA (2] 5066 | 5,10,15, 5, 510,15, No
(o @ a [sccanas T A B o o R
CC HM17_|CA_12A-(66A) (4) , 1 2 [3cC #m17 CCHM17_[CA 2A-12A-[66A] | 5,10,15, S, 5,10,15, No
CC 18 [CA 13A(66A] 1 10,15, 3cC Mo CC V18 |CA [21-13A-66A | 5,10,15, 5, 5,10,15, No
CC 19 [cA 30A166A] 1 15, 3cc 20 CC Mo [CA 2 13A(66A] | 5,10,15, 5, 510,15, No
CC 20 [cA (668 51015 510,15 [accma SCC 20 [CA 2A30a-166A | 5,10,15,20 | 5,10 [ 5,10,15,20 No
[2cc 21 [ca_(6c] 510,15,20 5101520 [acc v [3ccimat o (a5 10,15, 5101 5101 Canis
[2cc 2 [ca_(seaL6n 5,10,15,20 5,10,15,20 [3ccamas [3cc 2 [ca 2 (es] 10,15, 5,101 5101 accama
[2ccamas [catesartsenl | 5,10,15.20 5.10,15,20 o 3cc 23 [ch AL (6681 10,15, 510,15 510,15 o
[3cCm2a_[c [AI-66C ,10,15,20 | 5,10,15,20 [ 5,10,15,20 4cCamts
[3cC M5 [cA 2n-[66c] ,10,15,20 | 5,10,15,20 | 5,10,15,20 4cC iME
ScCiM26 [CA [2A)(660] | 510,15,20 | 5,10,15,20 [ 5,10,15,20 No
[scc w7 [ca (24662664 | 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No
[sccm2s [ca_an(66a]-66A | 5,10,15,20 | 5,10,15,20 | 5,10,15,20 No
[scc 25 [cA_2AI-66A71A | 5,10,15,20 | 5,10,15,20 | 5,10,15,20 [No

Note: [CC] indicates component carrier with 4x4 DL MIMO antenna configuration

1.1 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
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only) active are made in accordance to KDB Publication 941225 D05Av01r02. 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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Figure 11
DL CA Power Measurement Setup

Wireless Device

Figure I-2
DL CA with DL 4x4 MIMO Power Measurement Setup
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.2 Downlink Carrier Aggregation RF Conducted Powers

1.2.1 LTE Band 12 as PCC

Table 1-3
Maximum Output Powers

PcC scc1 scc2 Power
LTE Tx.Power LTE Single
PCCBW PCC(uL) PCCUL# | PCCULRB PCC(DL) [PCC (DL) Freq. SCCBW scc (L) scc (pL) sccew scc (o) scc(oL) with DL CA|
Conbinsticy PCCBand | "y |PECWULIC | et | MO RB Offset Channel [MHz] SccBand | “viz) | channel | Freq. vzl | S€B™ | (v Channel | Freq.[MHz] | Enabled e
(dBm) Power (dBm)

CA_2A-12A (1) LTE B12 3 23025 7005 QPSK 1 [ 5025 7305 LTE B2 20 900 1960 - - - N 2410 24.07
CA_4A-12A (1) LTE B12 5 23095 707.5 QPSK 1 12 5095 7375 LTE B4 20 2175 2132.5 - - - - 23.94 24.01
CA_4A12A (2) LTE B12 3 23025 7005 QPSK 1 [ 5025 7305 LTE B4 20 2175 21325 - - - N 24.16 24.07
CA_12A-66A (1) LTE B12 5 23095 707.5 QPSK 1 12 5095 7375 LTE B66 20 66786 2145 - - - - 23.96 24.01
CA_12A-66A (2) LTE B12 3 23025 7005 QPSK 1 0 5025 7305 LTE B66 20 66786 2145 - B B - 24.09 24.07
CA_4A-4A-12A LTE B12 5 23095 7075 QPSK 1 12 5095 7315 LTE B4 20 2175 21325 | LTEB4 10 2350 2150 23.87 24.01
CA_12A-66A-66A | tEB12 | 5 | 23095 | 7075 | aPsk | 1 | 12 | 5095 | 7375 | LTEBe6 | 20 | 66786 | 2145 | LTEBe6 | 20 | 67236 | 2190 | 2394 24.01

1.2.2 LTE Band 5 as PCC

Table I-4
Maximum Output Powers

PcC scc1 ScC2 Power
LTE Tx.Power LTE Single
o PCCBW PCC (UL) PCCULH# | PCCULRB | PCC(DL) |PCC (DL) Freq. SCCBW | scc(pL) scc (L) SCCBW scc (L) sCC (DL) with DL CA
Conbinaticn PecBand | g | PCCULICh | tvHg | MO RB Offset Channel [MHz) sccBand | Ykl | channel | Freq. Mzl | SCB2M | vz Channel | Freq.[MHz] | Enabled ETEr U3
(dsm) | Pover(Bm)

CA_5A41A LTE B5 10 20525 836.5 QPSK 1 0 2525 8815 LTE B41 20 40620 2593 - - - - 24.24 24.14

CA_2A-4A-5A LTE BS 10 20525 836.5 QPSK 1 0 2525 881.5 LTE B2 20 900 1960 LTE B4 20 2175 21325 24.26 24.14

CA_5A-66A-66A | LtEBS | 10 | 20525 83%5 | QPsk | 1 | 0 | 2525 | 8815 | LTEBe6 | 20 | 66786 | 2145 | LTEBe6 | 20 | 67236 | 2190 | 24.28 24.14

1.2.3 LTE Band 26 as PCC

Table I-5
Maximum Output Powers

pPcC scc1 SCC2 Power
LTE Tx.Power LTE Single
o PCCBW PCC (UL) PCCUL# | PCCULRB | PCC(DL) |PCC (DL) Freq. ScCBW | scc(pL) scc (oL) sccBwW | scc(pL) scc(pL) | with DLCA >
Copbinstel] (e ] g | PN e b | MO RB Offset Channel [MHz] sccBand | Ykl | channel | Freq. Mzl | SS€B2M | vz Channel | Freq.[MHz] |  Enabled ELlD 3
(aey | POWer (dBm)
CA_26A-41A LTE B26 15 26865 831.5 QPSK 1 36 8865 876.5 LTE B41 20 40620 2503 B = B = 23.82 23.80
CA_26A-41C LTE B26 15 26865 831.5 QPSK 1 36 8865 8765 LTE B41 20 40620 2503 | LTEB41 | 20 40422 2573.2 23.85 23.80

1.2.4 LTE Band 66 as PCC

Table 1-6
Maximum Output Powers

PcC scc1 SCC2 Power
LTE Tx.Power LTE Single
o PCCBW PCC (UL) PCCUL# | PCCULRB | PCC(DL) |PCC (DL) Freq. sccBW | scc(pL) scc (oL) sccBw | scc(pL) scc(pL) | with DLCA >
Copsinstel] ECCRd g | PO e b | MO RB Offset Channel [MHz] sccBand | Ykl | channel | Freq. Mzl | SS€B2M | vz Channel | Freq.[MHz] |  Enabled ety
(aty | POWer (dBm)
CA_2A-66A LTE B66 20 132072 1720 QPSK 1 50 66536 2120 LTE B2 20 900 1960 - - - - 23.60 23.70
CA_12A-66A (1) LTE B66 3 131987 1711.5 QPSK 1 7 66451 21115 LTE B12 10 5095 7375 - - - - 23.96 23.81
CA_12A-66A (2) LTE B66 20 132072 1720 QPSK 1 50 66536 2120 LTE B12 10 5095 7375 - - - - 23.50 23.70
CA_66B LTE B66 5 131997 17125 QPSK 1 24 66461 2112.5 LTE B66 15 66554 2121.8 - - - - 23.64 23.63
CA_66C LTE B66 20 132072 1720 QPSK 1 50 66536 2120 LTE B66 20 66734 2139.8 - - - - 23.58 23.70
CA_5A-66A-66A LTE B66 20 132072 1720 QPSK 1 50 66536 2120 LTE B66 20 67236 2190 LTE BS 10 2525 881.5 23.75 23.70
CA_12A-66A-66A LTE B66 20 132072 1720 | QPSK | 1 50 66536 2120 LTE B66 20 67236 2190 LTE B12 10 | 5095 7375 23.78 23.70
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1.2.5

LTE Band 2 as PCC

pcC scc1 scc2 Power
LTETpower [ o
L PCCBW pCC (UL) PCCULH | PCCULRB | PCC(DL) |PCC (DL) Freq, sccew | scc(oy) | scc(ot) sccBw | scc(oy) scc(bL) | withDLCA >
Combiation (e ] mhg | PN e b | MO RE Offset Channel [MHz] SceBand | “ikz) | channel | Freq. Mz | SS€%™ | [mkz) Channel | Freq.[MHz] |  Enabled oot
(dbm) | POver(dBm)
CA_2A-2A LTE B2 20 18900 1880 QPSK. 1 50 900 1960 LTE B2 20 700 1940 2427 24.04
CA_2C LTE B2 20 18900 1880 QPSK 1 50 900 1960 LTE B2 20 702 19402 2424 24.04
CA_2A-4A LTE B2 20 18900 1880 QPSK 1 50 900 1960 LTEB4 20 2175 2132.5 24.20 24.08
CA_2A-12A (1) LTE B2 20 18900 1880 QPSK 1 50 900 1960 LTE B12 10 5095 7375 2421 24.04
CA_2A-17A LTE B2 5 18900 1880 QPSK 1 12 900 1960 LTE B17 10 5790 740 2371 2357
CA_2A-66A LTE B2 20 18900 1880 QPSK 1 50 900 1960 LTE B66 20 66786 2145 24.15 24.04
CA_2A-4A-5A LTE B2 20 18900 1880 QPSK: 50 900 1960 LTE B4 20 2175 21325 | LTEBS 10 2525 881.5 2417 24.04
1.2.6 LTE Band 41 as PCC
pcC scc1 scc2 Power
LTETepower [ o
PCCBW. PCC(UL) PCCUL# | PCCULRB | PCC(DL) |PCC (DL) Freq, sccBw | scc(oy | scc(ot) sccew | scc(oy) scC(bL) | withDLCA
Conbination PCCBand | "y |PECIULICh | e | MO RB Offset Channel [MHz] SccBand | "zl | channel | Freq. Mzl | SS€B™ | Mz Channel | Freq.[MHz] | Enabled CLiL U3
(dBm) Power (dBm)
CA 41A-41A (1 LTE B41 20 41490 2680 QPSK 1 0 41490 2680 LTE B41 20 39750 2506 24.00 23.96
CA_41A-41C LTE B41 20 41490 2680 QPSK 1 0 41490 2680 LTE B41 20 39948 25258 | LTE B4 20 39750 2506 2411 239
[ CA_41C-41A | LTEB4r | 20 | 41490 2680 | QPsk | 1 | 0 | 41490 2680 | LTEB41 | 20 | 41202 26602 | LTEB41 | 20 | 39750 | 2506 | 2417 | 2396 |
| CA 41D | LTEB41 | 20 | 41490 2680 | QPSK_| 1 | 0] |__41490 2680 | LTEB41 | 20 | 41292 26602 | LTEB41 | 20 | 41094 | 26404 | 2413 | 239 |

1.3 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 I.1 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.

1.3.1

LTE 4x4 MIMO DL Standalone Powers

Table 1-9
Maximum Output Powers

Single
LTE | Bandwidth Frequency . rRe | rg |#4DLMMO | Antenna | Target
Band [MHz] Channel [MHz] Modulation Size | Offset Tx. Power Tx. Power
[dBm] Power [dBm]

[dBm]
41 20 41490 2680 QPSK 1 0 24.07 23.96 23.5
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1.3.1 LTE Band 5 as PCC

Table I-10

Maximum Output Powers

PCC scC1 Power
LTE Tx.Power
PCC (UL] SCC (DL] LTE Single
Combination PCC Band PCCBW PcC Fre( ) Mod, PCCUL# | PCCUL PCC |PCC (DL) Freq. DL Ant. SCC Band SCC BW scc Fre( ) DL Ant. with DL CA CarrielrsTx
[MHz] |(UL) Ch. &b . RB  |RBOffset|(DL)Ch.|  [MHz] Config. [MHz] |(DL) Ch. &b Config. Enabled
[MHz] [MHz] Power (dBm)
(dBm)
CA_5A-[41A] LTE B5 10 20525 836.5 QPSK 1 0 2525 881.5 2x2 LTE B41 20 40620 2593 4x4 24.13 24.14
1.3.2 LTE Band 26 as PCC
Table I-11
Maximum Output Powers
PCC scc1 scc2 Power
LTE Tx.Power|
Pcc (UL) scc (L) scc (L) ) LTE Single
PCCBW PCC PCCUL# | PCCUL PCC [PCC (DL) Freq.| DL Ant. SCCBW scc DL Ant. SCCBW scc DL Ant. with DL CA .
Combination PCC Band Freq. Mod. SCC Band Freq. SCC Band Freq. Carrier Tx
[MHz] |(UL) Ch. el RB  [RBOffset|(DL)Ch.|  [MHz] Config. [MHz] ((DL) Ch. el Config. [MHz] |(DL) Ch. e Config. E(l:::.:d Power (dBm)
CA72-6A—[41A] LTE B26 15 26865 831.5 QPSK 1 36 8865 876.5 Zx_Z LTE B41 20 405-20 2593 4x4 - - - 23.91 23.80
CA_26A-[41C] LTE B26 15 26865 831.5 QPSK 1 36 8865 876.5 2x2. LTE B41 20 40620 2593 4ax4 LTE B41 20 40422 2573.2 4x4 23.87 23.80
1.3.3 LTE Band 41 as PCC
Table 1-12
Maximum Output Powers
PCC scc1 ScCc2 Power
LTE Tx.Power| -
Combination pCC Band PCCBW | PCC chi(:L) Mod. PCCUL# | PCCUL PCC [PCC(DL) Freq.| DL Ant. scc Band SCCBW | scC SCFZ(:L) DL Ant. scc Band SCCBW | SCC SCFZ(:[) DL Ant. with DL CA ;:f"s::g::
[MHz] |(UL) Ch. e RB  [RBOffset|(DL)Ch.|  [MHz] Config. [MHz] ((DL) Ch. e Config. [MHz] |(DL) Ch. e Config. E(.:::‘e)d Power (dBm)
CA_[41A]-[41A] (1) LTE B41 20 41490 2680 QPSK 1 0 41490 2680 4x4 LTE B41 20 39750 2506 Ax4 - 24.06 23.96
CA _[41A)-[41C] LTE B41 20 41490 2680 QPSK 1 0 41490 2680 4x4 LTE B41 20 39948 2525.8 4x4 LTE B41 20 39750 2506 4x4 24.06 23.96
CA _[41C]-[41A] LTE B41 20 41490 2680 QPSK 1 0 41490 2680 4x4 LTE B41 20 41292 2660.2 4x4 LTE B41 20 39750 2506 4x4 24.09 23.96
CA _[41D] LTE B41 20 41490 2680 QPSK 1 0 41490 2680 4x4 LTE B41 20 41292 2660.2 4x4 LTE B41 20 41094 2640.4 4x4 24.12 23.96
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